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(A) INTRODUCTION

Duke Energy Progress, LLC (“Duke Energy Progress” or the “Company”) submits
its Renewable Energy and Energy Efficiency Portfolio Standard (“REPS”)
Compliance Report (“Compliance Report™) in accordance with N.C. Gen. Stat. §
62-133.8 and Commission Rule R8-67(c). This Compliance Report provides the
required information for the calendar year 2020.

(B) REPS COMPLIANCE REPORT

I. RENEWABLE ENERGY CERTIFICATES:
The table below reflects the renewable energy certificates (“RECs”) used to

comply with N.C. Gen. Stat. § 62-133.8(d) for the year 2020.
[BEGIN CONFIDENTIAL]

[END CONFIDENTIAL]

! Pursuant to NCUC Rule R8-67(c)(1), this Compliance Report reflects Duke Energy Progresé’ efforts to
meet the REPS requirements for the previous calendar year.
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ACTUAL 2020 TOTAL NORTH CAROLINA RETAIL SALES AND
YEAR-END NUMBER OF ACCOUNTS, BY CUSTOMER CLASS:

2020

NC Retail MWh Sales

36,168,687

Account 2020 year-end number of retail
Type REPS accounts
Residential 1,333,721
General 214,081
Industrial 1,908

AVOIDED COST RATES

The avoided cost rates below, applicable to energy received pursuant to
REPS compliance power purchase agreements, represent the annualized
avoided cost rates in the following avoided cost proceedings:

Non-hydro:
ANNUALIZED TOTAL CAPACITY AND ENERGY RATES
(CENTS PER KWH)
Docket E-100 Sub 158 E'lgg;“b E'lfg;’“b E-100 | E-100, | E-100, | E-100, | E-100, | E-100,
No.: (Current) Sub 148 | Sub 140 | Sub 136 | Sub 127 | Sub 117 | Sub 106
(Current) (Current)
Uncontrolled Swine- All Other All Other
Solar (1) Poultry (2) 3) 4)
;i(ﬁ;‘jr, 2018 2018 2018 2016 2014 2012 2010 2008 2006
\Fﬁgtr;ab'e 321 3.82 3.45 3.35 429 476 5.79 5.69 454
5 Year N/A N/A N/A N/A 442 497 6.18 5.82 467
10 Year 3.39 372 3.63 3.79 5.09 5.47 6.82 6.05 4.85
15 Year N/A N/A N/A N/A 553 5.87 7.29 6.10 4.98

(1) Uncontrolled Solar includes SISC (System Integration Services Charge) per Order approving
E-100 Sub 158 rates April 15, 2020.
(2) Exception to IRP-designated first year of capacity need standard N.C. Gen. Stat. § 62-156(b)(3).
(3) All Other Except Uncontrolled Solar, Swine-Poultry and Hydro No Storage per Order approving
E-100 Sub 158 rates April 15, 2020.
(4) All Other Except Hydro No Storage.

2020 REPS Compliance Report
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Hydro:
ANNUALIZED TOTAL CAPACITY AND ENERGY RATES
(CENTS PER KWH)
Docket No.: E-100 Sub E-100 Sub E-100 E-100, E-100, E-100, E-100, E-100,

158 (Current) | 158 (Current) Sub 148 Sub 140 Sub 136 Sub 127 Sub 117 Sub 106

Certain All Other
Hydroelectric | Hydroelectric
Generation Generation Hydroelectric - No Storage (6)
without without

Storage (5) Storage (6)

Year filed: 2018 2018 2016 2014 2012 2010 2008 2006
\nggab'e 4.46 3.77 335 4.79 5.35 6.49 6.34 4.96
5 Year N/A N/A N/A 4.93 5.58 6.90 6.50 511
10 Year 4.39 421 4.09 5.63 6.12 757 6.77 5.32
15 Year N/A N/A N/A 6.10 6.55 8.06 6.86 5.47

(5) Exception to IRP-designated first year of capacity need standard N.C. Gen. Stat. § 62-156(b)(3).
(6) Hydroelectric no storage N.C.G.S. 8§ 62-156(b)(3).

IV. ACTUAL TOTAL AND INCREMENTAL COSTS INCURRED IN
2020

REPS compliance costs incurred for calendar year 2020 comprise the cost
of renewable energy purchases, the cost of purchases of various types of
RECs, and other reasonable and prudent costs incurred to meet the
requirements of the REPS statute. In addition, annual Solar Rebate Program
costs incurred pursuant to N.C. Gen. Stat. § 62-155 are recovered in the
REPS rider as directed in N.C. Gen. Stat. § 62-133.8(h)(1)d.

Actual Costs Energy and REC
Incurred Costs Other Total Costs
REPS compliance -
avoided cost $202,539,497 $0 $202,539,497
REPS compliance —
incremental cost $37,758,630 $2,406,946 | $40,165,576(a)
REPS compliance -
total cost $240,298,127 $2,406,946 $ 242,705,073
Solar Rebate
Program cost $0 $1,507,509 $ 1,507,509(b)
Incremental REPS compliance costs and
Solar Rebate Program costs for REPS rider | (a) + (b) above $41,673,085
recovery
2020 REPS Compliance Report Docket No. E-2, Sub 1276
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V. ACTUAL INCREMENTAL COSTS COMPARISON TO THE

ANNUAL COST CAP

VI.

Total 2019 year-end | Annual per- Total annual cost
Account Type number of retail account cost ca

REPS accounts cap P
Residential 1,242,912 $27 $33,558,624
General 200,154 $150 $30,023,100
Industrial 1,801 $1,000 $1,801,000
Total annual REPS compliance cost cap — 2020 $65,382,724
Incremental REPS compliance costs incurred — 2020 $40,165,576

STATUS OF COMPLIANCE WITH REPS REQUIREMENTS

Pursuant to N.C. Gen. Stat. § 62-133.8(b) for Duke Energy Progress retail
customers, the REPS requirement for calendar year 2020 is set at 10% of
2019 North Carolina (“*NC”) retail sales. In order to comply with the REPS
obligation for Duke Energy Progress retail customers, the Company
submitted 3,793,823 RECs, representing 10% of 2019 retail megawatt-hour
sales of 37,938,229. Details of the composition of RECs retired to meet the
total REPS compliance requirement are contained in Section 1. of this
report.

Pursuant to N.C. Gen. Stat. 8§ 62-133.8(d), for calendar year 2020, at least
0.20% of total NC retail sales (measured according to prior calendar year
NC retail sales) shall be supplied by a combination of new solar electric
facilities and new metered solar thermal energy facilities. As a result,
75,877 solar RECs were used to meet the Solar Set-Aside Requirement. An
additional 1,602,475 solar RECs were submitted for retirement toward
compliance with the general requirement (the total REPS requirement net
of solar, poultry waste and swine waste set-aside obligations).

In its December 16, 2019 Order Modifying the Swine and Poultry Waste
Set-Aside Requirements and Providing Other Relief and its February 13,
2020 Errata Order (“2019 Delay Orders”) issued in Docket No. E-100, Sub
113, the Commission delayed by one year the scheduled increases in the
swine waste set-aside requirement to 0.07% in 2020. To comply with the
swine waste set-aside requirement applicable to DEP’s NC retail sales, the
Company submitted for retirement 26,557 swine RECs.

The 2019 Delay Orders also delayed by one year the scheduled increases in
the poultry waste set-aside requirement to 700,000 MWh state-wide in
2020. In its December 16, 2019 Order Establishing 2019, 2020, and 2021
Poultry Waste Set-Aside Requirement Allocation issued in Docket No. E-
100, Sub 113, the Commission directed the annual aggregate poultry waste
set-aside requirement to be allocated among electric power suppliers and

2020 REPS Compliance Report
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utility compliance aggregators according to the load ratio share calculations
shown on Appendix A to the order. These percentages were applied to the
modified 2020 state-wide requirement to determine the poultry waste set-
aside requirements applicable to DEP NC retail for the 2020 reporting year.
The Company submitted for retirement 195,649 poultry RECs, and met its
2020 poultry waste set-aside requirement.

VII. IDENTIFICATION OF RECs CARRIED FORWARD
The table below reflects RECs generated through year-end 2020, excluding

those RECs that have already been retired to meet compliance, that the
Company has banked for use in future compliance years.

[BEGIN CONFIDENTIAL]

[END CONFIDENTIAL]

VIII. DATES AND AMOUNTS OF ALL PAYMENTS MADE FOR
RENEWABLE ENERGY CERTIFICATES

Confidential Appendix 1 illustrates the dates and amounts of all payments
made for renewable energy certificates during calendar year 2020.

2020 REPS Compliance Report Docket No. E-2, Sub 1276
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(C) METHODOLOGY FOR DETERMINING NUMBER OF CUSTOMERS

AND CUSTOMER CAP

Consistent with the Commission’s order issued November 12, 2009 in Docket No.
E-2, Sub 948, for purposes of REPS billing, the Company defines as a single
customer all accounts (metered and unmetered) serving the same customer of the
same revenue classification located on the same or contiguous properties. If a
customer has accounts which serve in an auxiliary role to a main account on the
same premises, no REPS charge applies to the auxiliary accounts, regardless of
their revenue classification.

Respectfully submitted this the 15" day of June, 2021.

/Zéw‘rw(/‘y7/._

Kendrick C. Fentress

Associate General Counsel

Duke Energy Corporation

P.O. Box 1551/NCRH 20

Raleigh, North Carolina 27602
919.546.6733
Kendrick.Fentress@duke-energy.com

Robert W. Kaylor

Law Office of Robert W. Kaylor, P.A.

353 E. Six Forks Road, Suite 260
Raleigh, North Carolina 27609-7882
919.828.5250
bkaylor@rwkaylorlaw.com
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Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
[BEGIN CONFIDENTIAL]
40,533.36
Apr-2020 2,716.91
Aug-2020 4,332.37
Dec-2020 3,084.06
Feb-2020 1,688.89
Jan-2020 1,174.88
Jul-2020 3,891.79
Jun-2020 5,213.53
Mar-2020 2,496.62
May-2020 3,524.64
Nov-2020 3,598.07
Oct-2020 ' 3,965.22
Sep-2020 4,846.38
55,802.55
Apr-2020 5426.67
Aug-2020 7,372.08
Dec-2020 4914.72
Feb-2020 2,559.75
Jan-2020 3,481.26
Jul-2020 12,184 .41
Jun-2020 5,836.23
Mar-2020 3,378.87
Nov-2020 4,812.33
Oct-2020 5,836.23
. 3,72348
Apr-2020 31029
Aug-2020 413.72
Dec-2020 310.29
Feb-2020 310.29
Jan-2020 ’ 206.86
Jul-2020 310.29
Jun-2020 310.29
Mar-2020 206.86
May-2020 413.72
Nov-2020 206.86
Oct-2020 310.29
Sep-2020 413.72
58744
Apr-2020 146.86
Feb-2020 73.43
Jan-2020 73.43
Jul-2020 73.43
Jun-2020 146.86
May-2020 7343
18,630.00
Apr-2020 1,250.00
Aug-2020 1,815.00
Dec-2020 1,580.00
Feb-2020 1,200.00
Jan-2020 1,290.00
Jul-2020 1,850.00
Jun-2020 1,975.00
Mar-2020 1,295.00
May-2020 1,520.00
Nov-2020 1,105.00
Oct-2020 1,750.00
Sep-2020 2,000.00
B 44,945.00

* Information in italics is confidential
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Duke Energy Progress, LLC
Docket No. E-2, Sub 1276
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Dates and Amounts of Payments for RECs - Calendar Year 2020

Redacted Version*

Jennings Exhibit No. 1, Appendix 1

June 15,2021

_Cnmwa_:g and Eaxment Dates REC cost
Apr-2020 3,735.00
Aug-2020 4.955.00
Dec-2020 3,215.00
Feb-2020 3,320.00
Jan-2020 2,750.00
Jul-2020 4,230.00
Jun-2020 4,610.00
Mar-2020 3,155.00
May-2020 4,170.00
Nov-2020 3,525.00
Oct-2020 3,320.00

[ E Al N S S s B 1 e

14,166.00

Apr-2020 1235.25
Aug-2020 195.75
Dec-2020 1,145.25
Feb-2020 1,066.50
Jan-2020 1,003.50
Jul-2020 1,563.75
Jun-2020 1,514.25
Mar-2020 1,012.50
May-2020 1,644.75
Nov-2020 1,309.50
Oct-2020 1,012.50
0 i Sy i i - R, £ 4g datice
6,201.00

Apr-2020 324.00
Aug-2020 699.75
Dec-2020 567.00
Feb-2020 348.75
Jan-2020 360.00
Jul-2020 643.50
Jun-2020 598.50
Mar-2020 351.00
May-2020 470.25
Nov-2020 564.75
Oct-2020 582.75
ey e e g
68,263.80

Apr-2020 4,964.64
Aug-2020 7,860.68
Dec-2020 4,964.64
Feb-2020 3,826.91
Jan-2020 3,413.19
Jul-2020 6,412.66
Jun-2020 7.550.39
Mar-2020 3,930.34
May-2020 6,412.66
Nov-2020 5,068.07
Oct-2020 6,309.23
(= =i e e e s e et
17,990.35

Apr-2020 1,321.74
Aug-2020 2,349.76
Dec-2020 1,395.17
Feb-2020 881.16
Jan-2020 1,248.31
Jul-2020 1,321.74
Jun-2020 1,028.02

* Information in italics is confidential
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Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates

Redacted Version*
Jennings Exhibit No. 1, Appendix 1
June 15,2021

REC cost

Mar-2020
May-2020
Nov-2020
Oct-2020
Sep-2020

Apr-2020
Aug-2020
Dec-2020
Feb-2020
Jan-2020
Jul-2020
May-2020
Oct-2020
Sep-2020

Apr-2020
Aug-2020
Dec-2020
Feb-2020
Jan-2020
Jul-2020
Jun-2020
May-2020
Nov-2020
-2020

I

Apr-2020
Aug-2020
Dec-2020
Feb-2020
Jan-2020
Jul-2020
Jun-2020
Mar-2020
May-2020
Nov-2020
Oct-2020
Sep-2020

Apr-2020
Aug-2020
Dec-2020
Feb-2020
Jan-2020
Jul-2020
Jun-2020
Mar-2020
May-2020
Nov-2020
Oct-2020
Sep-2020

i

Aug-2020
Dec-2020
Feb-2020
Jan-2020
Jul-2020
Jun-2020

* Information in italics is confidential

1,101.45
1,542.03
1,542.03
2,056.04
2,202.90
48,316.94
6,314.98
5,874.40
6,608.70
2,643.48
2,643.48
9,766.19
4,993.24
4,479.23
4,993.24
32,047.47
1,760.85
3,052.14
2,817.36
1,878.24
4,460.82
2,934.75
3,052.14
2,465.19
3,169.53
6,456.45
33,432.00
2,780.00
3,640.00
2,464.00
2,468.00
2,208.00
2,764.00
2,576.00
2,432.00
3,612.00
2,852.00
2,592.00
3,044.00
26,229.00
2,103.00
2,925.00
1,833.00
1,812.00
1,599.00
2,310.00
2,721.00
1,800.00
2,712.00
2,172.00
1,947.00
2,295.00
954.59
146.86
73.43
73.43
73.43
73.43
73.43
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Mar-2020 73.43
May-2020 146.86
Nov-2020 7343
Oct-2020 7343
Sep-2020 7343
B 1,174.88
Apr-2020 73.43
Aug-2020 73.43
Dec-2020 146.86
Feb-2020 73.43
Jan-2020 73.43
Jul-2020 146.86
Jun-2020 146.86
Mar-2020 73.43
May-2020 7343
Nov-2020 ) 73.43
Oct-2020 73.43
Sep-2020 146.86
33,180.00
Apr-2020 2,612.00
Aug-2020 3,740.00
Dec-2020 2,284.00
Feb-2020 2,116.00
Jan-2020 ) 2,016.00
Jul-2020 3,308.00
Jun-2020 3,192.00
Mar-2020 . 2,040.00
May-2020 3,392.00
Nov-2020 2,764.00
Oct-2020 2,704.00
Sep-2020 3,012.00
3,639.09
Apr-2020 35217
Aug-2020 352.17
Dec-2020 234.78
Feb-2020 117.39
Jan-2020 234.78
Jul-2020 352.17
Jun-2020 352.17
Mar-2020 23478
May-2020 352.17
Nov-2020 234.78
Oct-2020 352.17
Sep-2020 469.56
2,896.04
Apr-2020 310.29
Aug-2020 206.86
Dec-2020 206.86
Feb-2020 103.43
Jan-2020 206.86
Jul-2020 310.29
Jun-2020 413.72
Mar-2020 103.43
May-2020 103.43
Nov-2020 310.29
Oct-2020 206.86
Sep-2020 413.72
e 22,583.27

Apr-2020 -

* [nformation in italics is confidential
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Aug-2020 7.928.12
Dec-2020 -
Feb-2020 =
Jan-2020 ~
Jul-2020 8,765.37
Jun-2020 =
Mar-2020 -
May-2020 i
Nov-2020 -
Oct-2020 1,891.80

o s i smnn. .41

40,900.51

Apr-2020 2,423.19
Aug-2020 4,405.80
Dec-2020 2,863.77
Feb-2020 14835'75
Jan-2020 2,129.47
Jul-2020 4332.37
Jun-2020 4,405.80
Mar-2020 2,276.33
May-2020 4,038.65
Nov-2020 3,230.92
Oct-2020 3,965.22
5T T e e e = B uddT
149,436.75

Apr-2020 11,592.00
Aug-2020 16,680.75
Dec-2020 9,832.50
Feb-2020 9,608.25
Jan-2020 9211.50
Jul-2020 15,542.25
Jun-2020 14,317.50
Mar-2020 8,849.25
May-2020 15,732.00
Nov-2020 11,557.50
Oct-2020 12,989.25
e e e AT
35,748.00

Apr-2020 2,812.00
Aug-2020 4,032.00
Dec-2020 2,492.00
Feb-2020 2,372.00
Jan-2020 2,076.00
Jul-2020 3,536.00
Jun-2020 3,584.00
Mar-2020 2,148.00
May-2020 3,720.00
Nov-2020 2,996.00
Oct-2020 2,744.00
S 120
1,344,184.20

Apr-2020 118,885.12
Aug-2020 120,771.52
Dec-2020 98,973.12
Feb-2020 111,465.28
Jan-2020 119,281.80
Jul-2020 126,263.04
Jun-2020 129,972.96
Mar-2020 107,734.40

*

Information in italics is confidential
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
May-2020 110,459.20
Nov-2020 113,267.84
Oct-2020 101,404.48
Sep-2020 85,705.44
B 44,080.00
Apr-2020 3,525.00
Aug-2020 4,845.00
Dec-2020 3,050.00
Feb-2020 3,125.00
Jan-2020 2,745.00
Jul-2020 3,930.00
Jun-2020 4,405.00
Mar-2020 3,135.00
May-2020 4,555.00
Nov-2020 3,620.00
Oct-2020 3,395.00
Sep-2020 3,750.00
35,512.00
Apr-2020 2,824.00
Aug-2020 3,904.00
Dec-2020 2,544.00
Feb-2020 2,392.00
Jan-2020 2,160.00
Jul-2020 3,316.00
Jun-2020 3,624.00
Mar-2020 2,152.00
May-2020 3,740.00
Nov-2020 2,976.00
Oct-2020 2,700.00
Sep-2020 3,180.00
33,680.00
Apr-2020 2,676.00
Aug-2020 4,092.00
Dec-2020 2,184.00
Feb-2020 1,848.00
Jan-2020 1,492.00
Jul-2020 3,648.00
Jun-2020 3,460.00
Mar-2020 1,732.00
May-2020 3,664.00
Nov-2020 2,744.00
Oct-2020 2,864.00
Sep-2020 3,276.00
42,250.00
Apr-2020 3,425.00
Aug-2020 4,525.00
Dec-2020 2,890.00
Feb-2020 2,950.00
Jan-2020 2,620.00
Jul-2020 3,870.00
Jun-2020 4,295.00
Mar-2020 3,020.00
May-2020 4,400.00
Nov-2020 3,585.00
Oct-2020 3,135.00
Sep-2020 3,535.00
74,319.51
Apr-2020 11,422.52
Aug-2020 4,479.24

* Information in italics is confidential
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Dec-2020 6,989.08
Feb-2020 6,977.24
Jan-2020 6,409.95
Jul-2020 6,292.92
Jun-2020 6,155.52
May-2020 6,283.76
Nov-2020 6,247.12
Oct-2020 6,201.32
Sep-2020 6,860.84

T 33,880.00
Apr-2020 2,660.00
Aug-2020 3,824.00
Dec-2020 2,312.00
Feb-2020 2,316.00
Jan-2020 2,068.00
Jul-2020 3,380.00
Jun-2020 2,852.00
Mar-2020 2,124.00
May-2020 3,628.00
Nov-2020 2,868.00
Oct-2020 2,676.00
Sep-2020 3,172.00

4,305,840.00

Aug-2020 645,900.00
Dec-2020 552,960.00
Jul-2020 440,700.00
Jun-2020 503,520.00
Nov-2020 729,540.00
Oct-2020 751,980.00
Sep-2020 681,240.00
158,077.26

Apr-2020 11,508.95
Aug-2020 18,674.90
Dec-2020 11,508.95
Feb-2020 9,771.75
Jan-2020 8,678.06
Jul-2020 15,851.95
Jun-2020 14,983.35
Mar-2020 8,686.00
May-2020 16,503.40
Nov-2020 13,029.00
Oct-2020 13,680.45
Sep-2020 15,200.50

] 38,386.53
Apr-2020 2,817.36
Aug-2020 4,343.43
Dec-2020 2,934.75
Feb-2020 2,465.19
Jan-2020 2,347.80
Jul-2020 3,639.09
Jun-2020 3,639.09
Mar-2020 2,230.41
May-2020 3,873.87
Nov-2020 3,404.31
Oct-2020 3,169.53
Sep-2020 3,521.70

T 30,169.23
Aug-2020 3,639.09
Dec-2020 3,052.14

* Information in italics is confidential
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

uﬂmlment Dates REC cost
Feb-2020 2,113.02
Jan-2020 2,582.58
Jul-2020 3,873.87
Jun-2020 3,756.48
Mar-2020 1,291.29
Nov-2020 2,934.75
Oct-2020 3,052.14
L aa' .. Snato R =~ A i g
T120:25
Apr-2020 461.25
Aug-2020 357.75
Dec-2020 582.75
Feb-2020 506.25
Jan-2020 486.00
Jul-2020 697.50
Jun-2020 886.50
Mar-2020 508.50
May-2020 582.75
Nov-2020 681.75
Oct-2020 648.00
(TIAGE © B 70 TR ke Y o TN g
35,912.00
Apr-2020 2,896.00
Aug-2020 3,864.00
Dec-2020 2,512.00
Feb-2020 2,540.00
Jan-2020 2,128.00
Jul-2020 3,280.00
Jun-2020 3,624.00
Mar-2020 2,388.00
May-2020 3,800.00
Nov-2020 3,076.00
Oct-2020 2,716.00
T s )6 V- AR e s AT gy
57,153.88
Apr-2020 2,258.36
Aug-2020 6,036.77
Dec-2020 6,080.20
Feb-2020 2,084.64
Jan-2020 2,301.79
Jul-2020 5,863.05
Jun-2020 7,296.24
Mar-2020 2,21493
May-2020 4473.29
Nov-2020 5,472.18
Oct-2020 5,689.33
TS g, PR ) - I SN A | 250
34,580.00
Apr-2020 2,844.00
Aug-2020 3,436.00
Dec-2020 2,456.00
Feb-2020 2,472.00
Jan-2020 2,192.00
Jul-2020 3,188.00
Jun-2020 3,464.00
Mar-2020 2,448.00
May-2020 3,636.00
Nov-2020 2,848.00
Oct-2020 2,580.00

*
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Sep-2020 3,016.00
18,630.00
Apr-2020 1,152.00
Aug-2020 1,939.50
Dec-2020 1,379.25
Feb-2020 1,408.50
Jan-2020 1:23525,
Jul-2020 1,683.00
Jun-2020 1,885.50
Mar-2020 1,316.25
May-2020 1,935.00
Nov-2020 1,631.25
Oct-2020 1,449.00
Sep-2020 1,615.50
P R T T | 41,645.00
Apr-2020 3,285.00
Aug-2020 4,845.00
Dec-2020 2,580.00
Feb-2020 2,720.00
Jan-2020 2,495.00
Jul-2020 4,220.00
Jun-2020 4,190.00
Mar-2020 2,440.00
May-2020 4,480.00
Nov-2020 3,370.00
Oct-2020 3,415.00
Sep-2020 3,605.00
[BRR-= PR L LRt B SevEL 41,230.00
Apr-2020 3,125.00
Aug-2020 4,450.00
Dec-2020 3,120.00
Feb-2020 2,445.00
Jan-2020 2,535.00
Jul-2020 4,145.00
Jun-2020 4,070.00
Mar-2020 2,395.00
May-2020 4,325.00
Nov-2020 3,330.00
Oct-2020 3,440.00
Sep-2020 3,850.00
[N TR T PR S | 399126
Apr-2020 234.78
Aug-2020 469.56
Dec-2020 352117
Feb-2020 117.39
Jan-2020 234.78
Jul-2020 352.17
Jun-2020 469.56
Mar-2020 234.78
May-2020 352417
Nov-2020 352.17
Oct-2020 352.17
Sep-2020 469.56
I T 26,061.00
Apr-2020 2,169.00
Aug-2020 3,141.00
Dec-2020 1,707.00
Feb-2020 1,728.00
Jan-2020 1,509.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Jul-2020 2,778.00
Jun-2020 2,748.00
Mar-2020 1,761.00
May-2020 2,106.00
Nov-2020 1,584.00
Oct-2020 2,247.00
Sep-2020 2,583.00
B 36,168.00
Apr-2020 2,704.00
Aug-2020 4,012.00
Dec-2020 2,680.00
Feb-2020 2.340.00
Jan-2020 2,188.00
Jul-2020 3,644.00
Jun-2020 3,484.00
Mar-2020 2,108.00
May-2020 3,740.00
Nov-2020 2,808.00
Oct-2020 3,088.00
Sep-2020 3,372.00
B 2,859,344.00
Apr-2020 214,907.50
Aug-2020 239,356.00
Dec-2020 230,739.50
Feb-2020 232,035.75
Jan-2020 330,433.00
Jul-2020 280,213.00
Jun-2020 164,227.25
Mar-2020 ) 247,694.00
May-2020 211,300.75
Nov-2020 255,530.00
Oct-2020 222,764.50
Sep-2020 230,142.75
3,951,455.75
Apr-2020 268,157.25
Aug-2020 317,487.25
Dec-2020 286,731.50
Feb-2020 360,428.75
Jan-2020 445,547.00
Jul-2020 396,707.50
Jun-2020 268,201:50
Mar-2020 320,485.75
May-2020 293,461.75
Nov-2020 385,946.75
Oct-2020 310,055.25
Sep-2020 298,245.50
6,998,158.36
Apr-2020 733,935.54
Feb-2020 706,959.00
Jan-2020 758,104.00
Jun-2020 959,495.16
Mar-2020 920,861.76
Nov-2020 2,095,713.36
Oct-2020 823,089.54
34,096.00
Apr-2020 2,680.00
Aug-2020 3,976.00
Dec-2020 2,180.00
Feb-2020 2,064.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Jan-2020 1,784.00
Jul-2020 3,496.00
Jun-2020 3,332.00
Mar-2020 2,028.00
May-2020 3,564.00
Nov-2020 2,808.00
Oct-2020 2,928.00
Sep-2020 3,256.00

(40 o UL m L SRR R 44,060.00
Apr-2020 3,490.00
Aug-2020 4,665.00
Dec-2020 3,150.00
Feb-2020 2,815.00
Jan-2020 2,585.00
Jul-2020 4,305.00
Jun-2020 4,645.00
Mar-2020 2,795.00
May-2020 4,580.00
Nov-2020 3,725.00
Oct-2020 3,420.00
Sep-2020 3,885.00

24,369.00

Apr-2020 1,836.00
Aug-2020 2,634.00
Dec-2020 1,767.00
Feb-2020 1,617.00
Jan-2020 1,515.00
Jul-2020 2,334.00
Jun-2020 2,403.00
Mar-2020 1,431.00
May-2020 2,463.00
Nov-2020 1,986.00
Oct-2020 2,094.00
Sep-2020 2,289.00
310.29

Dec-2020 310.29
8,440.00

Apr-2020 950.00
Aug-2020 430.00
Dec-2020 650.00
Feb-2020 860.00
Jan-2020 900.00
Jul-2020 705.00
Jun-2020 425.00
Mar-2020 910.00
May-2020 760.00
Nov-2020 570.00
Oct-2020 435.00
Sep-2020 845.00
38,915.00

Apr-2020 3,270.00
Aug-2020 3,580.00
Dec-2020 2,860.00
Feb-2020 3,025.00
Jan-2020 2,630.00
Jul-2020 3,725.00
Jun-2020 4,150.00
Mar-2020 2,980.00
May-2020 4,275.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15, 2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Nov-2020 2,780.00
Oct-2020 2,560.00
Sep-2020 3,080.00
2,699.97
Apr-2020 234.78
Aug-2020 352.17
Dec-2020 117.39
Feb-2020 117.39
Jan-2020 117:39
Jul-2020 234.78
Jun-2020 352.17
Mar-2020 117.39
May-2020 23478
Nov-2020 23478
Oct-2020 234.78
Sep-2020 352.17
B 40,255.00
Apr-2020 3,110.00
Aug-2020 4,100.00
Dec-2020 2,880.00
Feb-2020 3,025.00
Jan-2020 2,520.00
Jul-2020 3,745.00
Jun-2020 4,255.00
Mar-2020 2,425.00
May-2020 4,255.00
Nov-2020 3,455.00
Oct-2020 2,945.00
Sep-2020 3,540.00
B 19,32075
Apr-2020 1,545.75
Aug-2020 1,977.75
Dec-2020 1,415.25
Feb-2020 1,379.25
Jan-2020 1,224.00
Jul-2020 1,752.75
Jun-2020 1,917.00
Mar-2020 1,300.50
May-2020 2,018.25
Nov-2020 1,633.50
Oct-2020 1,428.75
Sep-2020 1,728.00
e 7674.75
Apr-2020 578.25
Aug-2020 801.00
Dec-2020 61425
Feb-2020 497.25
Jan-2020 488.25
Jul-2020 72225
Jun-2020 . 810.00
Mar-2020 632.25
May-2020 749.25
Nov-2020 42525
Oct-2020 681.75
Sep-2020 675.00
1,408.68
Apr-2020 117.39
Dec-2020 117.39
Feb-2020 117.39
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Jan-2020 117.39
Jul-2020 352.17
Mar-2020 117.39
May-2020 117.39
Oct-2020 117.39
Sep-2020 234.78

B 39,530.00
Apr-2020 3,230.00
Aug-2020 4,345.00
Dec-2020 3,105.00
Feb-2020 1,620.00
Jan-2020 2,055.00
Jul-2020 3,730.00
Jun-2020 3,940.00
Mar-2020 2,790.00
May-2020 k 4215.00
Nov-2020 3,680.00
Oct-2020 3,170.00
Sep-2020 3,650.00

32,104.00
Apr-2020 2,664.00
Aug-2020 3,840.00
Dec-2020 2,404.00
Feb-2020 2,248.00
Jan-2020 2,176.00
Jul-2020 2,008.00
Jun-2020 2,356.00
Mar-2020 2,116.00
May-2020 3,480.00
Nov-2020 2,864.00
Oct-2020 2,816.00
Sep-2020 3,132.00

33,435.00
Apr-2020 2,630.00
Aug-2020 3,770.00
Dec-2020 2,360.00
Feb-2020 2,235.00
Jan-2020 2,055.00
Jul-2020 3,285.00
Jun-2020 2,945.00
Mar-2020 2,190.00
May-2020 3,505.00
Nov-2020 2,790.00
Oct-2020 2,600.00
Sep-2020 3,070.00

41,915.00
Apr-2020 3,265.00
Aug-2020 4,595.00
Dec-2020 3,045.00
Feb-2020 2,825.00
Jan-2020 2,635.00
Jul-2020 3,850.00
Jun-2020 4,020.00
Mar-2020 2,685.00
May-2020 4,465.00
Nov-2020 3,575.00
Oct-2020 3,255.00
Sep-2020 3,700.00

42,295.68
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Apr-2020 2,276.33
Aug-2020 447923
Dec-2020 3,598.07
Feb-2020 2,276.33
Jan-2020 3,010.63
Jul-2020 4,626.09
Jun-2020 - 4,699.52
Mar-2020 2,423.19
May-2020 2,790.34
Nov-2020 3.451.21
Oct-2020 3,818.36
Sep-2020 4,846.38
e 10,920.00
Apr-2020 820.00
Aug-2020 1,140.00
Dec-2020 1,056.00
Feb-2020 796.00
Jan-2020 792.00
Jul-2020 1,124.00
Jun-2020 1,416.00
Mar-2020 892.00
May-2020 900.00
Nov-2020 940.00
Oct-2020 344.00
Sep-2020 700.00
B 42,095.00
Apr-2020 3,295.00
Aug-2020 4,535.00
Dec-2020 3,085.00
Feb-2020 2,955.00
Jan-2020 2,665.00
Jul-2020 4,010.00
Jun-2020 4,070.00
Mar-2020 2,660.00
May-2020 4,440.00
Nov-2020 3,525.00
Oct-2020 3,270.00
Sep-2020 3,585.00
156,624.65
Apr-2020 18,839.76
Aug-2020 17,611.08
Dec-2020 21,092.34
Jan-2020 18,873.32
Jul-2020 32,560.02
Mar-2020 8,432.76
May-2020 13,720.26
Oct-2020 12,593.97
Sep-2020 12,901.14
3,639.09
Apr-2020 234,78
Aug-2020 469.56
Dec-2020 234.78
Feb-2020 234.78
Jan-2020 117.39
Jul-2020 352.17
Jun-2020 469.56
Mar-2020 117.39
May-2020 35217
Nov-2020 234.78
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

_C_m,m_t_p_:guszam] Ealmpnt Dates REC cost
Oct-2020 352.17
E Feo= - ammii o Se A o
60,319.19
Apr-2020 4,837.02
Aug-2020 6,703.94
Dec-2020 5,006.74
Feb-2020 3,469.84
Jan-2020 2,878.39
Jul-2020 5,388.61
Jun-2020 6,576.65
Mar-2020 3,691.41
May-2020 5,812.91
Nov-2020 4,709.73
Oct-2020 6,109.92
e = e eat s Yil5 e
63,155.82
Apr-2020 5,399.94
Aug-2020 4,812.99
Dec-2020 5,869.50
Feb-2020 4.226.04
Jan-2020 4578.21
Jul-2020 5,165.16
Jun-2020 5,399.94
Mar-2020 4,226.04
May-2020 7,278.18
Nov-2020 6,104.28
Oct-2020 5,282.55
T T TE TR T e derios
14,523.75
Apr-2020 1,116.00
Aug-2020 1,534.50
Dec-2020 1,003.50
Feb-2020 1,014.75
Jan-2020 877.50
Jul-2020 1,345.50
Jun-2020 1,451.25
Mar-2020 1,026.00
May-2020 1,521.00
Nov-2020 1523525
Oct-2020 1,134.00
P R SR T g
6,651.00
Apr-2020 436.50
Aug-2020 663.75
Dec-2020 573.75
Feb-2020 42525
Jan-2020 515.25
Jul-2020 616.50
Jun-2020 645.75
Mar-2020 441.00
May-2020 513.00
Nov-2020 546.75
Oct-2020 549.00
e e e e Joape!
16,610.00
Apr-2020 1,210.00
Aug-2020 1,640.00
Dec-2020 1,350.00
Feb-2020 1,095.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Jan-2020 985.00
Jul-2020 1,475.00
Jun-2020 : 1,940.00
Mar-2020 1,185.00
May-2020 1,380.00
Nov-2020 1,305.00
Oct-2020 1,415.00
Sep-2020 : 1,630.00
6,619.52
Aug-2020 1.241.16
Dec-2020 620.58
Feb-2020 413.72
Jan-2020 206.86
Jul-2020 930.87
Jun-2020 103.43
Mar-2020 103.43
Nov-2020 827.44
Oct-2020 1,034.30
Sep-2020 1,137.73
27,865.62
Apr-2020 1,835.46
Aug-2020 2,920.05
Dec-2020 2,085.75
Feb-2020 1,501.74
Jan-2020 1,585.17
Jul-2020 2,669.76
Jun-2020 2,920.05
Mar-2020 1,585.17
May-2020 2,669.76
Nov-2020 2,169.18
Oct-2020 2,586.33
Sep-2020 3,337.20
35.00
Feb-2020 17.50
Jan-2020 17.50
29,010.00
Apr-2020 2,350.00
Aug-2020 3,220.00
Dec-2020 2,010.00
Feb-2020 2,085.00
Jan-2020 1,805.00
Jul-2020 2,665.00
Jun-2020 2,970.00
Mar-2020 2,150.00
May-2020 3,045.00
Nov-2020 2,155.00
Oct-2020 1,920.00
Sep-2020 2,635.00
41,270.00
Apr-2020 3,295.00
Aug-2020 4,435.00
Dec-2020 2,915.00
Feb-2020 2,865.00
Jan-2020 2,505.00
Jul-2020 3,910.00
Jun-2020 4.310.00
Mar-2020 2,505.00
May-2020 4,300.00
Nov-2020 3,435.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Oct-2020 3,055.00
Sep-2020 3,740.00

S L 4132000
Apr-2020 3,395.00
Aug-2020 4,275.00
Dec-2020 2,975.00
Feb-2020 2,195.00
Jan-2020 2,510.00
Jul-2020 3,865.00
Jun-2020 4,290.00
Mar-2020 2,875.00
May-2020 4,430.00
Nov-2020 3,580.00
Oct-2020 3,320.00
Sep-2020 3,610.00

o o s et ol 7,512.9
Apr-2020 586.95
Aug-2020 939.12
Dec-2020 469.56
Feb-2020 35217
Jan-2020 469.56
Jul-2020 821.73
Jun-2020 939.12
Mar-2020 234.78
May-2020 586.95
Nov-2020 586.95
Oct-2020 821.73
Sep-2020 704.34

e i coesme o rawn o 4478000
Apr-2020 3,485.00
Aug-2020 4,700.00
Dec-2020 3,210.00
Feb-2020 2,780.00
Jan-2020 2,795.00
Jul-2020 4,420.00
Jun-2020 4,280.00
Mar-2020 2,770.00
May-2020 4,650.00
Nov-2020 3,870.00
Oct-2020 3,870.00
Sep-2020 3,950.00

8,019.00

Apr-2020 1,028.25
Dec-2020 663.75
Feb-2020 517.50
Jan-2020 551.28
Jul-2020 1,503.00
Jun-2020 855.00
Mar-2020 510.75
Nov-2020 720.00
Sep-2020 1,669.50
45,200.00

Apr-2020 3,465.00
Aug-2020 5,120.00
Dec-2020 3,190.00
Feb-2020 2,895.00
Jan-2020 2,715.00
Jul-2020 4,115.00
Jun-2020 4,420.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Mar-2020 2,855.00
May-2020 4,785.00
Nov-2020 3,945.00
Oct-2020 3,570.00
Sep-2020 4,125.00
B 45,510.00
Apr-2020 3,575.00
Aug-2020 5,305.00
Dec-2020 3,355.00
Feb-2020 2,555.00
Jan-2020 2,370.00
Jul-2020 4,705.00
Jun-2020 4,585.00
Mar-2020 2,365.00
May-2020 4,755.00
Nov-2020 3,865.00
Oct-2020 3,720.00
Sep-2020 4,355.00
43,790.00
Apr-2020 2,615.00
Aug-2020 4,645.00
Dec-2020 3,180.00
Feb-2020 2,710.00
Jan-2020 2,760.00
Jul-2020 4,365.00
Jun-2020 4,275.00
Mar-2020 2,740.00
May-2020 4,710.00
Nov-2020 3.915.00
Oct-2020 3,830.00
Sep-2020 4,045.00
s | 33.708.00
Apr-2020 2,688.00
Aug-2020 3,836.00
Dec-2020 2,344.00
Feb-2020 1,644.00
Jan-2020 1,892.00
Jul-2020 3,288.00
Jun-2020 3,348.00
Mar-2020 2,024.00
May-2020 3,720.00
Nov-2020 2,844.00
Oct-2020 ' 2,944.00
Sep-2020 3,136.00
T 40,9400
Apr-2020 3,195.00
Aug-2020 4,680.00
Dec-2020 2,745.00
Feb-2020 2,660.00
Jan-2020 2,255.00
Jul-2020 4,005.00
Jun-2020 4,335.00
Mar-2020 2,550.00
May-2020 4,330.00
Nov-2020 3,390.00
Oct-2020 3,205.00
Sep-2020 3,590.00
B 15,720.00
Apr-2020 2,124.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit Ne. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Aug-2020 1,144.00
Dec-2020 2,376.00
Jan-2020 1,996.00
Jul-2020 1,508.00
Jun-2020 1,660.00
Mar-2020 1,044.00
Oct-2020 1,264.00
Sep-2020 2,604.00

55,760.25

Apr-2020 3,286.92
Aug-2020 3,756.48
Dec-2020 3,404.31
Feb-2020 2,934.75
Jan-2020 3,052.14
Jul-2020 6,104.28
Jun-2020 6,691.23
Mar-2020 3,052.14
May-2020 5,282.55
Nov-2020 4,695.60
Oct-2020 6,691.23
Sep-2020 6,808.62
167,407.05

Apr-2020 9,071.07
Aug-2020 17,814.27
Dec-2020 11,912.61
Feb-2020 8,223.78
Jan-2020 7,889.48
Jul-2020 17,377.11
Jun-2020 20,655.81
Mar-2020 9,872.53
May-2020 11,402.59
Nov-2020 14,972.73
Oct-2020 15,810.62
Sep-2020 22,404 .45
8,217.30

Apr-2020 1,995.63
Jan-2020 1,643.46
Mar-2020 4,108.65
May-2020 469.56
29,112.72

Apr-2020 1,173.90
Aug-2020 3,404.31
Dec-2020 2,230.41
Feb-2020 1,643.46
Jan-2020 1,760.85
Jul-2020 2,934.75
Jun-2020 3,169.53
Mar-2020 1,760.85
May-2020 2,699.97
Nov-2020 2,582.58
Oct-2020 2,582.58

Sep-2020 3,169.53
B 27,280.00
Apr-2020 2,104.00
Aug-2020 3,020.00
Dec-2020 1,848.00
Feb-2020 1,828.00
Jan-2020 1,664.00
Jul-2020 2,632.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Jun-2020 2,660.00
Mar-2020 1,736.00
May-2020 2,832.00
Nov-2020 2,308.00
Oct-2020 2,124.00
Sep-2020 2,524.00

25,140.00
Apr-2020 2,073.00
Aug-2020 2,799.00
Dec-2020 1,986.00
Feb-2020 1,878.00
Jan-2020 1,683.00
Jul-2020 1,863.00
Jun-2020 1,878.00
Mar-2020 1,746.00
May-2020 2,721.00
Nov-2020 2,223.00
Oct-2020 1,989.00
Sep-2020 2,301.00

12,976.00
Apr-2020 956.00
Aug-2020 1,384.00
Dec-2020 1,060.00
Feb-2020 704.00
Jan-2020 804.00
Jul-2020 1,100.00
Jun-2020 1,380.00
Mar-2020 844.00
May-2020 1,212.00
Nov-2020 996.00
Oct-2020 1,196.00
Sep-2020 1,340.00

14,086.80
Apr-2020 939.12
Aug-2020 1,995.63
Feb-2020 586.95
Jan-2020 704.34
Jul-2020 1,526.07
Jun-2020 1,760.85
Mar-2020 704.34
May-2020 1,291.29
Nov-2020 1,173.90
Oct-2020 1,526.07
Sep-2020 1,878.24

35,268.00
Apr-2020 2,696.00
Aug-2020 3,956.00
Dec-2020 2,452.00
Feb-2020 2,200.00
Jan-2020 2,084.00
Jul-2020 3,472.00
Jun-2020 3,144.00
Mar-2020 2,348.00
May-2020 3,712.00
Nov-2020 3,064.00
Oct-2020 2,948.00
Sep-2020 3,192.00

e T 34:448.00
Apr-2020 2,844.00
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Duke Energy Progress, LLC
Docket No. E-2, Sub 1276

2020 REPS Compliance Report
Dates and Amounts of Payments for RECs - Calendar Year 2020

Redacted Version*

Jennings Exhibit No. 1, Appendix 1

June 15,2021

.CounlerEarﬂ.a.n.LLPalment Dates REC caost.
Aug-2020 3,716.00
Dec-2020 2,568.00
Feb-2020 2,544.00
Jan-2020 2,248.00
Jul-2020 3,172.00
Jun-2020 3,488.00
Mar-2020 2,124.00
May-2020 3,496.00
Nov-2020 2,896.00
Oct-2020 2,536.00

0 T e e M e

27,414.00
Apr-2020 2,262.00
Aug-2020 2,928.00
Dec-2020 1,959.00
Feb-2020 1,878.00
Jan-2020 1,641.00
Jul-2020 2,646.00
Jun-2020 2,805.00
Mar-2020 1,728.00
May-2020 2,883.00
Nov-2020 2,244.00
Oct-2020 2,070.00

i S 2 s R e oo 27000
Apr-2020 "
Aug-2020 "
Dec-2020 *
Feb-2020 -
Jan-2020 =
Jul-2020 -
Jun-2020 =
Mar-2020 -
May-2020 -
Nov-2020 =
Oct-2020 o

I TS T T AR T 25,75 08
Apr-2020 1,758.31
Aug-2020 3,413.19
Dec-2020 1,758.31
Feb-2020 1,137.73
Jan-2020 1,241.16
Jul-2020 2,585.75
Jun-2020 2,585.75
Mar-2020 1,241.16
May-2020 2,896.04
Nov-2020 1,241.16
Oct-2020 2,378.89

PR, RS CoTS SERRT T Wi

92,941.74

Dec-2020 30,559.77
Nov-2020 28,923.84
T e T e
9,428.00

Apr-2020 1,260.00
Aug-2020 920.00
Dec-2020 792.00
Jan-2020 604.00
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Duke Energy Progress, LLC Redacted Version®
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15, 2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Jul-2020 908.00
Jun-2020 924.00
Mar-2020 608.00
May-2020 908.00
Nov-2020 776.00
Oct-2020 852.00
Sep-2020 876.00
B 477,383.78
Apr-2020 43,448.00
Aug-2020 22,071.67
Dec-2020 38,088.00
Feb-2020 35,864.00
Jan-2020 33,244.00
Jul-2020 58,941.60
Jun-2020 53,652.00
Mar-2020 36,592.00
May-2020 58,636.00
Nov-2020 46,844.00
Oct-2020 20,364.98
Sep-2020 29,637.53
265,688.00
Apr-2020 21,724.00
Aug-2020 28,008.00
Dec-2020 19,076.00
Feb-2020 19,380.00
Jan-2020 17,104.00
Jul-2020 23,724.00
Jun-2020 25,516.00
Mar-2020 18,808.00
May-2020 27,188.00
Nov-2020 21,976.00
Oct-2020 19,460.00
Sep-2020 23,724.00
32,196.00
Apr-2020 2,532.00
Aug-2020 3,608.00
Dec-2020 2,264.00
Feb-2020 2,056.00
Jan-2020 1,684.00
Jul-2020 3,076.00
Jun-2020 3,192.00
Mar-2020 2,200.00
May-2020 3,392.00
Nov-2020 2,728.00
Oct-2020 2,612.00
Sep-2020 . 2,852.00
Apr-2020 -
Aug-2020 -
Dec-2020 -
Feb-2020 -
Jan-2020 -
Jul-2020 -
Jun-2020 -
Mar-2020 -
May-2020 -
Nov-2020 -
Oct-2020 -
Sep-2020 -
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15, 2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
T 32,548.00

Apr-2020 2,520.00
Aug-2020 3,516.00
Dec-2020 2,188.00
Feb-2020 2,148.00
Jan-2020 1,952.00
Jul-2020 3,108.00
Jun-2020 3,332.00
Mar-2020 2,264.00
May-2020 3,424.00
Nov-2020 - 2,688.00
Oct-2020 2,636.00
Sep-2020 2,772.00
13,788.00

Apr-2020 1,452.00
Dec-2020 2,132.00
Jan-2020 1,744.00
Jul-2020 2,624.00
Jun-2020 1,340.00
Mar-2020 804.00
QOct-2020 1,200.00
Sep-2020 2,492.00
33,408.00

Apr-2020 2,756.00
Aug-2020 3,852.00
Dec-2020 2,400.00
Feb-2020 2,304.00
Jan-2020 1,988.00
Jul-2020 3,048.00
Jun-2020 3,168.00
Mar-2020 2,116.00
May-2020 ) 3,544.00
Nov-2020 2,764.00
Oct-2020 2,464.00
Sep-2020 3,004.00
B 33,428.00
Apr-2020 2,624.00
Aug-2020 3,720.00
Dec-2020 2,376.00
Feb-2020 2,308.00
Jan-2020 2,024.00
Jul-2020 3,196.00
Jun-2020 3,340.00
Mar-2020 2,188.00
May-2020 3,484.00
Nov-2020 2,792.00
Oct-2020 2,516.00
Sep-2020 2,860.00
6,288.00

Apr-2020 656.00
Dec-2020 976.00
Jan-2020 816.00
Jul-2020 1,172.00
Jun-2020 600.00
Mar-2020 384.00
Oct-2020 536.00
Sep-2020 ) 1,148.00
: 4,624.00

Apr-2020 212.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost.
Dec-2020 960.00
Jan-2020 268.00
Jul-2020 1,172.00
Jun-2020 212.00
Mar-2020 132.00
Oct-2020 536.00
Sep-2020 1,132.00

o Ty s e {1 P | 2,699.97
Apr-2020 234.78
Aug-2020 704.34
Dec-2020 117.39
Feb-2020 117.39
Jan-2020 234.78
Jun-2020 352.17
Mar-2020 117.39
May-2020 352417
Nov-2020 234.78
Oct-2020 234.78

_ 4,501,009.33
Apr-2020 437,179.65
Aug-2020 466,560.24
Dec-2020 369,595.47
Feb-2020 359,625.48
Jan-2020 320,936.62
Jul-2020 945,737.37
Jun-2020 5,117.34
Mar-2020 266,278.14
May-2020 430,385.94
Nov-2020 212472253
Oct-2020 375,506.88

-2020 311,363.67
3,639.09

Apr-2020 234,78
Aug-2020 352.17
Dec-2020 234.78
Feb-2020 117.39
Jan-2020 234.78
Jul-2020 469.56
Jun-2020 352.17
Mar-2020 234.78
May-2020 352.17
Nov-2020 352417
Oct-2020 352117
Sep-2020 352.17

(075 S92 114 RS R, LR 3~ e 3,639.09
Apr-2020 234.78
Aug-2020 469.56
Dec-2020 352.17
Feb-2020 234.78
Jan-2020 234.78
Jul-2020 352.17
Jun-2020 469.56
Mar-2020 117.39
May-2020 234.78
Nov-2020 234.78
Oct-2020 352.17
Sep-2020 352.17

(i 20 2 R RS s, e, s | 33,720.00
Apr-2020 2,604.00
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Duke Energy Progress, LLC Redacted Version®
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Aug-2020 3,452.00
Dec-2020 2,440.00
Feb-2020 2,292.00
Jan-2020 2,080.00
Jul-2020 3,268.00
Jun-2020 3,332.00
Mar-2020 2,148.00
May-2020 3,584.00
Nov-2020 2,836.00
Oct-2020 2,612.00
Sep-2020 3,072.00

9,645.00

Apr-2020 681.00
Aug-2020 702.00
Dec-2020 861.00
Feb-2020 645.00
Jan-2020 696.00
Jul-2020 954.00
Jun-2020 1,149.00
Mar-2020 738.00
May-2020 591.00
Nov-2020 774.00
Oct-2020 858.00
Sep-2020 996.00
33,465.00

Apr-2020 2,580.00
Aug-2020 3,480.00
Dec-2020 2,480.00
Feb-2020 2,375.00
Jan-2020 2,170.00
Jul-2020 3,310:00
Jun-2020 3,725.00
Mar-2020 1,940.00
May-2020 3,620.00
Nov-2020 2,730.00
Oct-2020 2,240.00
Sep-2020 2,815.00

B 17,952.00
Apr-2020 1;428.00
Aug-2020 2,012.00
Dec-2020 1,268.00
Feb-2020 1,164.00
Jan-2020 1,072.00
Jul-2020 1,852.00
Jun-2020 1,740.00
Mar-2020 1,068.00
May-2020 1,828.00
Nov-2020 1,392.00
Oct-2020 1,524.00
Sep-2020 1,604.00

T 42,105.00
Apr-2020 3,345.00
Aug-2020 4,635.00
Dec-2020 3,010.00
Feb-2020 2,985.00
Jan-2020 2,615.00
Jui-2020 3,955.00
Jun-2020 4,325.00
Mar-2020 2,645.00
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Duke Energy Progress, LLC Redacted Version®
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15, 2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
May-2020 4,360.00
Nov-2020 3,440.00
Oct-2020 3,135.00
Sep-2020 3,655.00
7,935.75
Apr-2020 567.00
Aug-2020 787.50
Dec-2020 634.50
Feb-2020 540.00
Jan-2020 454.50
Jul-2020 729.00
Jun-2020 792.00
Mar-2020 567.00
May-2020 778.50
Nov-2020 634.50
Oct-2020 663.75
Sep-2020 787.50
e 33,068.00
Apr-2020 752.00
Aug-2020 3,764.00
Dec-2020 2,484.00
Feb-2020 2,492.00
Jan-2020 2,200.00
Jul-2020 3,352.00
Jun-2020 3,584.00
Mar-2020 1,976.00
May-2020 3,624.00
Nov-2020 2,956.00
Oct-2020 2,668.00
Sep-2020 3,216.00
821.73
Aug-2020 117.39
Jun-2020 117.39
Mar-2020 117.39
May-2020 11739
Nov-2020 117.39
Oct-2020 117.39
Sep-2020 117.39
51,164.56
Apr-2020 -
Aug-2020 8,186.15
Dec-2020 -
Feb-2020 -
Jan-2020 -
Jul-2020 26,463.96
Jun-2020 -
Mar-2020 -
May-2020 -
Nov-2020 -
Oct-2020 6,566.90
Sep-2020 9,947.55
e 73430
Aug-2020 73.43
Dec-2020 73.43
Jul-2020 7343
Jun-2020 7343
Mar-2020 7343
May-2020 7343
Nov-2020 73.43
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Duke Energy Progress, LLC
Docket No. E-2, Sub 1276

2020 REPS Compliance Report
Dates and Amounts of Payments for RECs - Calendar Year 2020

Redacted Version*

Jennings Exhibit No. 1, Appendix 1

June 15,2021

_Cmm_tgma_:!z_a_nd_ﬂa_)gmpnt Dates REC cost
Oct-2020 73.43
IEr s o e diun 00
32,640.00
Apr-2020 2,564.00
Aug-2020 3,676.00
Dec-2020 2,108.00
Feb-2020 2,196.00
Jan-2020 1,984.00
Jul-2020 3,228.00
Jun-2020 3,248.00
Mar-2020 2,024.00
May-2020 3,308.00
Nov-2020 2,732.00
Oct-2020 2,552.00
RSN T R0
18,660.00
Apr-2020 1,160.00
Aug-2020 1,905.00
Dec-2020 1,585.00
Feb-2020 1,265.00
Jan-2020 1,260.00
Jul-2020 1,785.00
Jun-2020 1,800.00
Mar-2020 1,170.00
May-2020 1,555.00
Nov-2020 1,650.00
1 T on e e o IR i
758,497.13
Aug-2020 61,841.07
Dec-2020 218,860.38
Jul-2020 29,743.20
Jun-2020 154,664.07
May-2020 113,070.26
T o S e o o3
17,831.25
Apr-2020 1,437.75
Aug-2020 1,869.75
Dec-2020 1,298.25
Feb-2020 1,302.75
Jan-2020 1,131.75
Jul-2020 1,611.00
Jun-2020 1,836.00
Mar-2020 1,170.00
May-2020 18757925
Nov-2020 1,523.25
Oct-2020 1,323.00
A e T | d 4573
17,889.75
Apr-2020 1,462.50
Aug-2020 1,890.00
Dec-2020 1,282.50
Feb-2020 1,278.00
Jan-2020 1,125.00
Jul-2020 1,635.75
Jun-2020 1,831.50
Mar-2020 181v72:25
May-2020 1,838.25
Nov-2020 1,462.50
Oct-2020 1,347.75
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Sep-2020 ) 1,563.75
2,585,242.89
Apr-2020 551,630.55
Aug-2020 298,752.24
Feb-2020 296,693.90
Jan-2020 345,443.64
Jul-2020 339,662.91
Jun-2020 257,983.10
May-2020 282,009.54
Sep-2020 213,067.01
1,241.16
Aug-2020 206.86
Dec-2020 103.43
Feb-2020 103.43
Jul-2020 103.43
Jun-2020 206.86
Mar-2020 10343
May-2020 103.43
Nov-2020 103.43
Oct-2020 103.43
Sep-2020 103.43
2,792.61
Apr-2020 206.86
Aug-2020 413.72
Dec-2020 206.86
Feb-2020 103.43
Jan-2020 206.86
Jul-2020 206.86
Jun-2020 31029
Mar-2020 206.86
May-2020 206.86
Nov-2020 206.86
Oct-2020 310.29
Sep-2020 206.86
734.30
Apr-2020 7343
Aug-2020 73.43
Dec-2020 73.43
Jan-2020 73.43
Jul-2020 146.86
Mar-2020 73.43
May-2020 7343
Oct-2020 146.86
36,640.00
Apr-2020 2,856.00
Aug-2020 4,024.00
Dec-2020 2,596.00
Fcb-2020 2,540.00
Jan-2020 2,136.00
Jul-2020 3,432.00
Jun-2020 3,736.00
Mar-2020 2.324.00
May-2020 3,832.00
Nov-2020 3,088.00
Oct-2020 2,792.00
Sep-2020 3,284.00
e i R s G| 028,02
Apr-2020 7343
Aug-2020 146.86
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Cmm;nwmpnt Dates REC cost
Dec-2020 73.43
Jan-2020 73.43
Jul-2020 7343
Jun-2020 146.86
Mar-2020 73.43
May-2020 7343
Nov-2020 7343
Oct-2020 7343

P T T T A e

40,620.00

Apr-2020 3,130.00
Aug-2020 4.465.00
Dec-2020 2,925.00
Feb-2020 2,900.00
Jan-2020 2,085.00
Jul-2020 3,355.00
Jun-2020 4,115.00
Mar-2020 2,920.00
May-2020 4.260.00
Nov-2020 3,500.00
Oct-2020 3,385.00
OSSR T T b5
36,848.00

Apr-2020 2,840.00
Aug-2020 4,180.00
Dec-2020 2,564.00
Feb-2020 2,392.00
Jan-2020 2,236.00
Jul-2020 3,556.00
Jun-2020 3,664.00
Mar-2020 2,408.00
May-2020 3,656.00
Nov-2020 3,076.00
Oct-2020 2,940.00
b A AT I N R To40
19,300.50

Apr-2020 1,615.50
Aug-2020 2,065.50
Dec-2020 1,383.75
Feb-2020 1,449.00
Jan-2020 1,269.00
Jul-2020 1,766.25
Jun-2020 1,955.25
Mar-2020 1,374.75
May-2020 2,002.50
Nov-2020 1,534.50
Oct-2020 1,485.00
| AR IR - T = st ey
38,435.00

Apr-2020 3,130.00
Aug-2020 4.315.00
Dec-2020 2,865.00
Feb-2020 2,675.00
Jan-2020 2,520.00
Jul-2020 4,145.00
Jun-2020 4.090.00
Mar-2020 2,385.00
May-2020 4,195.00
Nov-2020 3,170.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15, 2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Oct-2020 3,375.00
Sep-2020 1,570.00
42.370.00
Apr-2020 3,230.00
Aug-2020 4,710.00
Dec-2020 3,035.00
Feb-2020 2,750.00
Jan-2020 2,550.00
Jul-2020 424500
Jun-2020 4,115.00
Mar-2020 2,400.00
May-2020 4,395.00
Nov-2020 3,470.00
Oct-2020 3,570.00
Sep-2020 3,900.00
216,885.20
Apr-2020 16,530.00
Aug-2020 23,878.60
Dec-2020 15,062.60
Feb-2020 13,589.40
Jan-2020 13,160.20
Jul-2020 21,906.60
Jun-2020 20,781.40
Mar-2020 12,429.40
May-2020 22,637.40
Nov-2020 18,362.80
Oct-2020 18,797.80
Sep-2020 19,749.00
B 33,460.00
Apr-2020 2,648.00
Aug-2020 3,696.00
Dec-2020 2,452.00
Feb-2020 2,264.00
Jan-2020 2,120.00
Jul-2020 3,204.00
Jun-2020 3,112.00
Mar-2020 1,888.00
May-2020 3,500.00
Nov-2020 2,688.00
Oct-2020 2,852.00
Sep-2020 3,036.00
113,577.46
Apr-2020 11,983.36
Aug-2020 5,912.32
Dec-2020 8,094.72
Feb-2020 12,638.08
Jan-2020 11,322.10
Jul-2020 7,142.40
Jun-2020 10,872.32
Mar-2020 12,181.76
May-2020 10,039.04
Nov-2020 8,630.40
Oct-2020 7,876.48
Sep-2020 6,884.48
46,960.00
Apr-2020 3,620.00
Aug-2020 5,325.00
Dec-2020 3415.00
Feb-2020 2,860.00
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Duke Energy Progress, LLC Redacted Version®
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Jan-2020 2,555.00
Jul-2020 4,625.00
Jun-2020 4,770.00
Mar-2020 : 2,995.00
May-2020 4,835.00
Nov-2020 3,980.00
Oct-2020 3,620.00
Sep-2020 4,360.00

39,890.00
Apr-2020 3,050.00
Aug-2020 2,910.00
Dec-2020 3,030.00
Feb-2020 2,930.00
Jan-2020 2,580.00
Jul-2020 4,095.00
Jun-2020 4,335.00
Mar-2020 2,605.00
May-2020 4,385.00
Nov-2020 3,365.00
Oct-2020 2,895.00
Sep-2020 3,710.00

33,215.00
Apr-2020 2,545.00
Aug-2020 3,780.00
Dec-2020 2,180.00
Feb-2020 2,080.00
Jan-2020 1,825,00
Jui-2020 3,345.00
Jun-2020 3,310.00
Mar-2020 1,925.00
May-2020 3,560.00
Nov-2020 2,805.00
Qct-2020 2,730.00
Sep-2020 3,130.00

e 33,785.00
Apr-2020 2,670.00
Aug-2020 3,820.00
Dec-2020 2,350.00
Feb-2020 2,095.00
Jan-2020 2,015.00
Jul-2020 3,365.00
Jun-2020 3,340.00
Mar-2020 1,980.00
May-2020 3,670.00
Nov-2020 2,665.00
Oct-2020 2,700.00
Sep-2020 3,115.00

B 36,248.00
Apr-2020 2,812.00
Aug-2020 4,068.00
Dec-2020 2,488.00
Feb-2020 2,232.00
Jan-2020 1,956.00
Jul-2020 3,612.00
Jun-2020 3,668.00
Mar-2020 2,068.00
May-2020 3,856.00
Nov-2020 3,036.00
Oct-2020 3,016.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Sep-2020 3,436.00
13,012.00
Apr-2020 800.00
Aug-2020 ¢ 1,528.00
Dec-2020 1,000.00
Feb-2020 1,012.00
Jan-2020 876.00
Jul-2020 752.00
Jun-2020 1,260:00
Mar-2020 852.00
May-2020 1,072.00
Nov-2020 1,284.00
Oct-2020 1,172.00
Sep-2020 1,404.00
B 8,370.00
Apr-2020 790.00
Aug-2020 380.00
Dec-2020 350.00
Feb-2020 940.00
Jan-2020 765.00
Jul-2020 700.00
Jun-2020 765.00
Mar-2020 845.00
May-2020 705.00
Nov-2020 675.00
Oct-2020 570.00
Sep-2020 885.00
B 170,802.45
Apr-2020 13,382.46
Aug-2020 17,373.72
Dec-2020 11,739.00
Feb-2020 10,212.93
Jan-2020 9,391.20
Jul-2020 16,199.82
Jun-2020 16,669.38
Mar-2020 11,739.00
May-2020 14,321.58
Nov-2020 13,734.63
Oct-2020 17,021.55
Sep-2020 19,017.18
E e e e e 40,160.00
Apr-2020 2,765.00
Aug-2020 4,565.00
Dec-2020 2,470.00
Feb-2020 2,915.00
Jan-2020 2,655.00
Jul-2020 4,045.00
Jun-2020 4,025.00
Mar-2020 2,710.00
May-2020 4,205.00
Nov-2020 3,435.00
Oct-2020 3,215.00
Sep-2020 3,155.00
B 135,110.73
Apr-2020 18,153.74
Dec-2020 19,456.64
Jan-2020 17,762.87
Jul-2020 23,843.07
Jun-2020 13,376 44
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Mar-2020 7,904.26
Oct-2020 10,553.49
Sep-2020 24,060.22

6,925.50

Apr-2020 1,003.50
Dec-2020 605.25
Feb-2020 461.25
Jan-2020 510.75
Jul-2020 1,248.75
Jun-2020 771.75
Mar-2020 438.75
Nov-2020 603.00
Sep-2020 1,282.50
18,218.25

Apr-2020 1,453.50
Aug-2020 1,656.00
Dec-2020 1,379.25
Feb-2020 1,257.75
Jan-2020 1,206.00
Jul-2020 1,489.50
Jun-2020 1,818.00
Mar-2020 1,314.00
May-2020 1,957.50
Nov-2020 1,633.50
Oct-2020 1,525.50
Sep-2020 1,527.75

R e e T 34.276.00
Apr-2020 2,772.00
Aug-2020 4,308.00
Dec-2020 2,588.00
Feb-2020 2,364.00
Jan-2020 2,196.00
Jul-2020 1,864.00
Jun-2020 3,224.00
Mar-2020 2,096.00
May-2020 3,708.00
Nov-2020 2,924.00
Oct-2020 3,024.00
Sep-2020 3,208.00

e . ™o SN W e T E 40,475.00
Apr-2020 3,135.00
Aug-2020 3,965.00
Dec-2020 2,995.00
Feb-2020 2,795.00
Jan-2020 2,505.00
Jul-2020 3,820.00
Jun-2020 3,925.00
Mar-2020 2,925.00
May-2020 4,075.00
Nov-2020 3,570.00
Oct-2020 3,370.00
Sep-2020 3,395.00

57,920.00
Jan-2020 57,920.00

18,589.50
Apr-2020 1,464.75
Aug-2020 2,031.75
Dec-2020 1,338.75
Feb-2020 1,100.25
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Jan-2020 1,046.25
Jul-2020 1,795.50
Jun-2020 1,845.00
Mar-2020 1,307.25
May-2020 1,887.75
Nov-2020 1,617.75
Oct-2020 1,514.25
Sep-2020 1,640.25
131,667.09
Apr-2020 10,084.10
Aug-2020 14,893.44
Dec-2020 9,618.68
Feb-2020 8,455.13
Jan-2020 7,632:66
Jul-2020 13,497.18
Jun-2020 12,954.19
Mar-2020 7,369.15
May-2020 13,962.60
Nov-2020 10,859.80
Oct-2020 11,170.08
Sep-2020 11,170.08
120,586.35
Apr-2020 8,983.11
Aung-2020 13,588.17
Dec-2020 9,923.58
Feb-2020 6,938.04
Jan-2020 6,207.72
Jul-2020 10,961.34
Jun-2020 12,777.42
Mar-2020 7,296.75
May-2020 10,734.33
Nov-2020 9,729.00
Oct-2020 11,869.38
Sep-2020 11,577.51
35,100.00
Sep-2020 35,100.00
38,735.00
Apr-2020 3,225.00
Aug-2020 4,305.00
Dec-2020 2,745.00
Feb-2020 2,695.00
Jan-2020 2,425.00
Jul-2020 3,615.00
Jun-2020 4,000.00
Mar-2020 2,660.00
May-2020 3,960.00
Nov-2020 3,050.00
Oct-2020 2,795.00
Sep-2020 3,260.00
40,019.35
Apr-2020 2,790.34
Aug-2020 4,699.52
Dec-2020 2,790.34
Feb-2020 1.909.18
Jan-2020 2,056.04
Jul-2020 3,598.07
Jun-2020 5,066.67
Mar-2020 2,863.77
May-2020 4,112.08
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15, 2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Nov-2020 2,863.77
Oct-2020 3,377.78
Sep-2020 3,891.79

26,916.00
Apr-2020 2,128.00
Aug-2020 2,880.00
Dec-2020 1,852.00
Feb-2020 1,764.00
Jan-2020 1,700.00
Jul-2020 2,492.00
Jun-2020 2,668.00
Mar-2020 1,856.00
May-2020 2,776.00
Nov-2020 2,336.00
Oct-2020 2,064.00
Sep-2020 2,400.00

e 39.505.00
Apr-2020 3,245.00
Aug-2020 4,245.00
Dec-2020 1,540.00
Feb-2020 2,870.00
Jan-2020 2,745.00
Jul-2020 3,935.00
Jun-2020 3,965.00
Mar-2020 2,760.00
May-2020 4,155.00
Nov-2020 3,625.00
Oct-2020 3,360.00
Sep-2020 3,060.00

EEmSEweT e ey 19,5200
Apr-2020 1,572.50
Aug-2020 1,860.00
Dec-2020 1,380.00
Feb-2020 1,432.50
Jan-2020 1,305.00
Jul-2020 1,745.00
Jun-2020 1,940.00
Mar-2020 1,420.00
May-2020 2,057.50
Nov-2020 1,667.50
Oct-2020 1,497.50
Sep-2020 1,642.50

[F— = e s 45.,370.00
Apr-2020 3,500.00
Aug-2020 5,075.00
Dec-2020 3,180.00
Feb-2020 3,000.00
Jan-2020 2,715.00
Jul-2020 4,180.00
Jun-2020 4,525.00
Mar-2020 2,975.00
May-2020 4,720.00
Nov-2020 3,835.00
Oct-2020 3,555.00
Sep-2020 4,110.00

(I s " w0 s W 11,550.00
Apr-2020 920.50
Aug-2020 1,284.50
Dec-2020 808.50
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Feb-2020 673.75
Jan-2020 659.75
Jul-2020 1,081.50
Jun-2020 1,186.50
Mar-2020 712.25
May-2020 1,249.50
Nov-2020 99225
Oct-2020 953.75
Sep-2020 1,027.25
B 39,335.00
Apr-2020 2,905.00
Aug-2020 4,425.00
Dec-2020 2,935.00
Feb-2020 2,500.00
Jan-2020 2,515.00
Jul-2020 4,070.00
Jun-2020 3,925.00
Mar-2020 1,995.00
May-2020 4,060.00
Nov-2020 3,120.00
Oct-2020 3,305.00
Sep-2020 3,580.00
G sRE e 14,404.00
Apr-2020 1,052.00
Aug-2020 1,420.00
Dec-2020 1,080.00
Feb-2020 916.00
Jan-2020 832.00
Jul-2020 948.00
Jun-2020 1,520.00
Mar-2020 1,032.00
May-2020 1,540.00
Nov-2020 1,200.00
Oct-2020 1,468.00
Sep-2020 1,396.00
63,919.74
Apr-2020 4,137.20
Aug-2020 7,653.82
Dec-2020 5,068.07
Feb-2020 3,723.48
Jan-2020 3,620.05
Jul-2020 5.998.94
Jun-2020 6,929.81
Mar-2020 3,516.62
May-2020 6,309.23
Nov-2020 4,447.49
Oct-2020 5,895.51
Sep-2020 6,619.52
29,582.28
Apr-2020 2,465.19
Aug-2020 2,817.36
Dec-2020 1,643.46
Feb-2020 1,995.63
Jan-2020 1,760.85
Jul-2020 3,286.92
Jun-2020 3,521.70
Mar-2020 1,878.24
May-2020 3,756.48
Nov-2020 1,878.24
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Oct-2020 2,113.02
Sep-2020 2,465.19

2,497.60

Feb-2020 2,497.60
36,328.00

Apr-2020 2,832.00
Aug-2020 3,680.00
Dec-2020 2,740.00
Feb-2020 2,428.00
Jan-2020 2,420.00
Jul-2020 3,384.00
Jun-2020 3,456.00
Mar-2020 2,384.00
May-2020 3,772.00
Nov-2020 3,236.00
Oct-2020 2,960.00
Sep-2020 3,036.00

B 38,500.00
Apr-2020 3,345.00
Aug-2020 4,155.00
Dec-2020 3,080.00
Feb-2020 2,345.00
Jan-2020 2,130.00
Jul-2020 4,090.00
Jun-2020 4,200.00
Mar-2020 2,445.00
May-2020 4,435.00
Nov-2020 2,755.00
Oct-2020 2,500.00
Sep-2020 3,020.00

B 38,170.00
Apr-2020 3,170.00
Aug-2020 3,920.00
Dec-2020 2,710.00
Feb-2020 2,695.00
Jan-2020 2,605.00
Jul-2020 3,410.00
Jun-2020 3,350.00
Mar-2020 2,540.00
May-2020 4,065.00
Nov-2020 3,195.00
Oct-2020 3,175.00
Sep-2020 3,335.00

14,908.00
Apr-2020 1,044.00
Aug-2020 1,544.00
Dec-2020 1,176.00
Feb-2020 968.00
Jan-2020 868.00
Jul-2020 1,364.00
Jun-2020 1,532.00
Mar-2020 980.00
May-2020 1,412.00
Nov-2020 1,172.00
Oct-2020 1,304.00
Sep-2020 1,544.00

65,855.75
Apr-2020 4,957.92
Aug-2020 7,127.01
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Duke Energy Progress, LLC Redacted Version*®
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Dec-2020 4,785.77
Feb-2020 3,891.60
Jan-2020 2,951.13
Jul-2020 5,612.09
Jun-2020 6,782.71
Mar-2020 4,303.75
May-2020 6,438.41
Nov-2020 5,784.24
Oct-2020 643841
Sep-2020 6,782.71
B 38,865.00
Apr-2020 3,135.00
Aug-2020 4,410.00
Dec-2020 2,655.00
Feb-2020 2,450.00
Jan-2020 2,115.00
Jul-2020 4,055.00
Jun-2020 3,975.00
Mar-2020 2,120.00
May-2020 4,265.00
Nov-2020 2,860.00
Oct-2020 3,195.00
Sep-2020 3,630.00
1,080.00
Mar-2020 1,080.00
420.00
Mar-2020 : 420.00
8,077.30
Apr-2020 587.44
Aug-2020 1,028.02
Feb-2020 440:58
Jan-2020 367.15
Jul-2020 1,028.02
Jun-2020 954.59
Mar-2020 440.58
May-2020 881.16
Nov-2020 514.01
Oct-2020 881.16
Sep-2020 954.59
e e 17,912.25
Apr-2020 1,341.00
Aug-2020 1,896.75
Dec-2020 1,287.00
Feb-2020 +1,255:50
Jan-2020 1,156.50
Jul-2020 1,685.25
Jun-2020 1,777.50
Mar-2020 1,291.50
May-2020 1,836.00
Nov-2020 1,469.25
Oct-2020 1,381.50
Sep-2020 1,534.50
B 7.931.25
Apr-2020 546.75
Aug-2020 713.25
Dec-2020 625.50
Feb-2020 ) 535.50
Jan-2020 519.75
Jul-2020 726.75
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15, 2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Lounterparty and Payment Dates REC cost
Jun-2020 884.25
Mar-2020 582.75
May-2020 681.75
Nov-2020 555.75
Oct-2020 704.25

§ e Rt B A S s Bl

4437147

Apr-2020 2,999.47
Aug-2020 4,861.21
Dec-2020 3,826.91
Feb-2020 2,378.89
Jan-2020 2,689.18
Jul-2020 4,654.35
Jun-2020 3,206.33
Mar-2020 2,585.75
May-2020 2,896.04
Nov-2020 3,930.34
Oct-2020 4,757.78
[T . ¥ TR | Fy i
19,336.50

Apr-2020 1,498.50
Aug-2020 2,076.75
Dec-2020 1,408.50
Feb-2020 1,307.25
Jan-2020 1,188.00
Jul-2020 1,815.75
Jun-2020 1,905.75
Mar-2020 1,255.50
May-2020 1,971.00
Nov-2020 1,651.50
Oct-2020 1,489.50
A s W ok RS, g
41,965.00

Apr-2020 3,400.00
Aug-2020 4,525.00
Dec-2020 2,950.00
Feb-2020 3,000.00
Jan-2020 2,625.00
Jul-2020 3,865.00
Jun-2020 4,255.00
Mar-2020 2,825.00
May-2020 4.440.00
Nov-2020 3,340.00
Oct-2020 3,215.00
PRI, S0 NN s T ST | e
35,916.00

Apr-2020 2,788.00
Aug-2020 3,840.00
Dec-2020 2,568.00
Feb-2020 2,372.00
Jan-2020 2,200.00
Jul-2020 3,208.00
Jun-2020 3,664.00
Mar-2020 2,264.00
May-2020 3,540.00
Nov-2020 3,140.00
Oct-2020 2,900.00
AT TR ¢ L B s
35,320.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Apr-2020 2,956.00
Aug-2020 3,944.00
Dec-2020 2,552.00
Feb-2020 2,592.00
Jan-2020 2,260.00
Jul-2020 3,396.00
Jun-2020 3,784.00
Mar-2020 2,188.00
May-2020 3,644.00
Nov-2020 2,172.00
Oct-2020 2,820.00
Sep-2020 ) 3,012.00
B 25,455.00
Apr-2020 : 1,640.00
Aug-2020 2,985.00
Dec-2020 1,870.00
Feb-2020 1,675.00
Jan-2020 1,560.00
Jul-2020 2,610.00
Jun-2020 2,535.00
Mar-2020 1,515.00
May-2020 2,665.00
Nov-2020 2,035.00
Oct-2020 1,975.00
Sep-2020 2,390.00
B 38,095.00
Apr-2020 3,160.00
Aug-2020 4,175.00
Dec-2020 2,850.00
Feb-2020 2,905.00
Jan-2020 2,040.00
Jul-2020 2,780.00
Jun-2020 3,585.00
Mar-2020 2,930.00
May-2020 3,885.00
Nov-2020 3,300.00
Oct-2020 3,180.00
Sep-2020 3,305.00
40,515.00
Apr-2020 3,095.00
Aug-2020 4,350.00
Dec-2020 2,785.00
Feb-2020 2,560.00
Jan-2020 2,490.00
Jul-2020 4,140.00
Jun-2020 3,925.00
Mar-2020 2,455.00
May-2020 4,255.00
Nov-2020 3,385.00
Oct-2020 3,455.00
Sep-2020 3,620.00
e 41,030.00
Apr-2020 3,175.00
Aug-2020 4,890.00
Dec-2020 2,440.00
Feb-2020 2,665.00
Jan-2020 2,530.00
Jul-2020 4,355.00
Jun-2020 4,195.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Mar-2020 2,360.00
May-2020 4,300.00
Nov-2020 2,655.00
Oct-2020 3,525.00
Sep-2020 3,940.00
287,200.00
Apr-2020 83,850.00
Dec-2020 46,995.00
Feb-2020 29,215.00
Jan-2020 49,185.00
Mar-2020 18,445.00
Nov-2020 32,885.00
Oct-2020 26,625.00
32,696.00
Apr-2020 2,596.00
Aug-2020 3,744.00
Dec-2020 2,340.00
Feb-2020 2,136.00
Jan-2020 1,920.00
Jul-2020 3,388.00
Jun-2020 3,080.00
Mar-2020 1,928.00
May-2020 3,292.00
Nov-2020 2,300.00
Oct-2020 2,812.00
Sep-2020 3,160.00
43,000.00
Apr-2020 3,280.00
Aug-2020 4,525.00
Dec-2020 3,145.00
Feb-2020 2,380.00
Jan-2020 2,745.00
Jul-2020 4,280.00
Jun-2020 4,260.00
Mar-2020 2,520.00
May-2020 4,185.00
Nov-2020 3,465.00
Oct-2020 3,650.00
Sep-2020 4,065.00
B 38,190.00
Apr-2020 3,160.00
Aug-2020 3,765.00
Dec-2020 3,015.00
Feb-2020 3,150.00
Jan-2020 2,380.00
Jul-2020 3,360.00
Jun-2020 3,990.00
Mar-2020 3,120.00
May-2020 4,140.00
Nov-2020 2,210.00
Oct-2020 2,800.00
Sep-2020 3,100.00
320,438.86
Apr-2020 29,493.02
Aug-2020 37,343.68
Dec-2020 18,671.84
Feb-2020 20,793.64
Jan-2020 14,475.30
Jul-2020 31,614.82
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15, 2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Jun-2020 40,314.20
Mar-2020 22,703.26
May-2020 35,646.24
Nov-2020 24,825.06
Oct-2020 25,249.42
Sep-2020 19,.308.38
B s e SR 36,685.00
Apr-2020 3,170.00
Aug-2020 3,795.00
Dec-2020 1,300.00
Feb-2020 2,585.00
Jan-2020 2,385.00
Jul-2020 3,775.00
Jun-2020 3,865.00
Mar-2020 2,660.00
May-2020 3,710.00
Nov-2020 3,040.00
Oct-2020 3,245.00
Sep-2020 3,155.00
B 31,108.35
Apr-2020 1,995.63
Aug-2020 3,756.48
Dec-2020 223041
Feb-2020 1,526.07
Jan-2020 1,526.07
Jul-2020 3,521.70
Jun-2020 3,521.70
Mar-2020 1,291.29
May-2020 2,934.75
Nov-2020 2,582.58
Oct-2020 2,934.75
Sep-2020 3,286.92
B 44,795.00
Apr-2020 3,415.00
Aug-2020 5,140.00
Dec-2020 2,940.00
Feb-2020 3,040.00
Jan-2020 2,750.00
Jul-2020 4,540.00
Jun-2020 4,525.00
Mar-2020 2,685.00
May-2020 4,585.00
Nov-2020 3,530.00
Oct-2020 3,560.00
Sep-2020 4,085.00
B 34,476.00
Apr-2020 2,700.00
Aug-2020 3,864.00
Dec-2020 2,396.00
Feb-2020 2,248.00
Jan-2020 2,108.00
Jul-2020 3,412.00
Jun-2020 3,296.00
Mar-2020 2,120.00
May-2020 3,500.00
Nov-2020 2,916.00
Oct-2020 2,304.00
Sep-2020 3,112.00
T 3,286.92
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Duke Energy Progress, LLC Redacted Version*®
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Apr-2020 23478
Aug-2020 352.17
Dec-2020 234.78
Feb-2020 234.78
Jan-2020 23478
Jul-2020 234,78
Jun-2020 352.17
Mar-2020 234.78
May-2020 23478
Nov-2020 234.78
Oct-2020 352.17
Sep-2020 35217

1,760.85

Apr-2020 117.39
Aug-2020 117.39
Dec-2020 117.39
Feb-2020 117.39
Jan-2020 234.78
Jul-2020 234.78
Jun-2020 117.39
Mar-2020 117.39
May-2020 23478
Nov-2020 117.39
Sep-2020 234.78
52,749.30

Apr-2020 3,826.91
Aug-2020 5,688.65
Dec-2020 3,723.48
Feb-2020 2,792.61
Jan-2020 2,999.47
Jul-2020 5,274.93
Jun-2020 5,792.08
Mar-2020 3,413.19
May-2020 5,171.50
Nov-2020 3,930.34
Oct-2020 4,550.92
Sep-2020 5,585.22
137,672.25

Apr-2020 11,229.75
Aug-2020 13,765.50
Dec-2020 9,780.75
Feb-2020 9,884.25
Jan-2020 8,694.00
Jul-2020 9,849.75
Jun-2020 14,024.25
Mar-2020 10,125.75
May-2020 14,800.50
Nov-2020 11,919.75
Oct-2020 11,281.50
Sep-2020 12,316.50
25,584.00

Apr=2020 2,152.00
Aug-2020 2,840.00
Dec-2020 1,848.00
Feb-2020 1,804.00
Jan-2020 1,544.00
Jul-2020 2,456.00
Jun-2020 2,652.00
Mar-2020 1,624.00
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Duke Energy Progress, LLC Redacted Version®
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
May-2020 2,440.00
Nov-2020 1,996.00
Oct-2020 1,896.00
Sep-2020 2,332.00
43,305.00
Apr-2020 3,435.00
Aug-2020 4,860.00
Dec-2020 3,110.00
Feb-2020 3,000.00
Jan-2020 2,690.00
Jul-2020 4,170.00
Jun-2020 4,550.00
Mar-2020 . 2,750.00
May-2020 4,275.00
Nov-2020 3,530.00
Oct-2020 3,250.00
Sep-2020 3,685.00
e 41,175.00
Apr-2020 3,245.00
Aug-2020 3,710.00
Dec-2020 2,965.00
Feb-2020 2,790.00
Jan-2020 2,585.00
Jul-2020 4,000.00
Jun-2020 4,030.00
Mar-2020 2,930.00
May-2020 4,330.00
Nov-2020 3,580.00
Oct-2020 3,410.00
Sep-2020 3,600.00
B 1,179,733.70
Apr-2020 99,850.05
Aug-2020 99,362.58
Dec-2020 107,736.12
Feb-2020 93,893.03
Jan-2020 95,532.21
Jul-2020 90,474.74
Jun-2020 97.931.01
Mar-2020 86,556.70
May-2020 92,573.69
Nov-2020 107,176.34
Oct-2020 103,085.64
Sep-2020 105,561.59
B 34,032.00
Apr-2020 2,620.00
Aug-2020 3,968.00
Dec-2020 2,256.00
Feb-2020 1,972.00
Jan-2020 1,736.00
Jul-2020 3,596.00
Jun-2020 3,444.00
Mar-2020 1,940.00
May-2020 3,600.00
Nov-2020 2,680.00
Oct-2020 2,924.00
Sep-2020 3,296.00
17,770.00
Apr-2020 1,170.00
Aug-2020 1,905.00
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Duke Energy Progress, LLC
Docket No. E-2, Sub 1276
2020 REPS Compliance Report

Dates and Amounts of Payments for RECs - Calendar Year 2020

Redacted Version*
Jennings Exhibit No. 1, Appendix 1
June 15,2021

Counterparty and Payment Dates REC cost.
Dec-2020 1,395.00
Feb-2020 950.00
Jan-2020 1,060.00
Jul-2020 1,535.00
Jun-2020 1,950.00
Mar-2020 1,135.00
May-2020 1,705.00
Nov-2020 1,380.00
Oct-2020 1,670.00
Sep-2020 1,915.00

T A T T T T | g
Apr-2020 3,260.00
Aug-2020 4,870.00
Dec-2020 3,040.00
Feb-2020 2,745.00
Jan-2020 2,580.00
Jul-2020 4,335.00
Jun-2020 4,180.00
Mar-2020 2,460.00
May-2020 4,230.00
Nov-2020 3,150.00
Oct-2020 3,475.00
Sep-2020 3,895.00

P et BRI e § =i Pragi
Apr-2020 3,165.00
Aug-2020 4,245.00
Dec-2020 3,015.00
Feb-2020 2,800.00
Jan-2020 2,755.00
Jul-2020 3,820.00
Jun-2020 3,485.00
Mar-2020 2,755.00
May-2020 3,910.00
Nov-2020 3,665.00
Oct-2020 3,465.00
Sep-2020 3,500.00

S, ST PR .36
Apr-2020 2,652.00
Aug-2020 4,020.00
Dec-2020 2,500.00
Feb-2020 2,192.00
Jan-2020 2,212.00
Jul-2020 3,764.00
Jun-2020 3,452.00
Mar-2020 2,224.00
May-2020 3,792.00
Nov-2020 3,116.00
Oct-2020 3,120.00
Sep-202 3,216.00

e Wesciod
Apr-2020 2,720.00
Aug-2020 3,948.00
Dec-2020 2,540.00
Feb-2020 2,256.00
Jan-2020 2,248.00
Jul-2020 3,716.00
Jun-2020 3,464.00
Mar-2020 2,240.00
May-2020 3,872.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15, 2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Nov-2020 3,188.00
Oct-2020 3,092.00
Sep-2020 3,272.00
43,045.00
Apr-2020 3,260.00
Aug-2020 4,740.00
Dec-2020 3,280.00
Feb-2020 2,910.00
Jan-2020 2,665.00
Jul-2020 4,160.00
Jun-2020 4,040.00
Mar-2020 2,570.00
May-2020 4,420.00
Nov-2020 3,550.00
Oct-2020 3,590.00
Sep-2020 3,860.00
36,494.71
Apr-2020 2,496.62
Aug-2020 4,185.51
Dec-2020 2,863.77
Feb-2020 1,762.32
Jan-2020 2,276.33
Jul-2020 3,598.07
Jun-2020 3,891.79
Mar-2020 1,909.18
May-2020 2,863.77
Nov-2020 2,790.34
Oct-2020 3,818.36
Sep-2020 4,038.65
20,642.50
Apr-2020 1,602.50
Aug-2020 2,140.00
Dec-2020 1,505.00
Feb-2020 1,410.00
Jan-2020 1,290.00
Jul-2020 1,922.50
Jun-2020 2,032.50
Mar-2020 1,467.50
May-2020 2,125.00
Nov-2020 1,760.00
Oct-2020 1,627.50
Sep-2020 1,760.00
31,970.00
Apr-2020 3,185.00
Aug-2020 4,280.00
Dec-2020 2,910.00
Jul-2020 3,740.00
Jun-2020 4,035.00
Mar-2020 575.00
May-2020 4,170.00
Nov-2020 3,290.00
Oct-2020 2,560.00
Sep-2020 3,225.00
39,995.00
Apr-2020 3,105.00
Aug-2020 4,410.00
Dec-2020 2,970.00
Feb-2020 2,990.00
Jan-2020 2,680.00
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15, 2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
Jul-2020 3,900.00
Jun-2020 4,190.00
Mar-2020 2,730.00
May-2020 3,305.00
Nov-2020 3,285.00
Oct-2020 2,730.00
Sep-2020 3,700.00

38,405.00
Apr-2020 3,280.00
Aug-2020 4,345.00
Dec-2020 2,545.00
Feb-2020 2:915.00
Jan-2020 2,560.00
Jul-2020 3,755.00
Jun-2020 3,050.00
Mar-2020 2,665.00
May-2020 3,775.00
Nov-2020 3,215.00
Oct-2020 2,815.00
Sep-2020 3,485.00
35,956.00
Apr-2020 2,780.00
Aug-2020 3,876.00
Dec-2020 2,540.00
Feb-2020 2,384.00
Jan-2020 2,164.00
Jul-2020 3,524.00
Jun-2020 3,580.00
Mar-2020 2,248.00
May-2020 3,792.00
Nov-2020 3,032.00
Qct-2020 2,800.00
Sep-2020 3,236.00
8,998.41
Apr-2020 827.44
Dec-2020 724.01
Feb-2020 517.15
Jan-2020 517:15
Jul-2020 1,448.02
Mar-2020 620.58
May-2020 1,137.73
Nov-2020 827.44
Oct-2020 1,034.30
Sep-2020 1,344.59
39,765.00
Apr-2020 3,135.00
Aug-2020 4,420.00
Dec-2020 2,990.00
Feb-2020 2,790.00
Jan-2020 2,510.00
Jui-2020 i 3,820.00
Jun-2020 3,840.00
Mar-2020 2,430.00
May-2020 4,150.00
Nov-2020 3,135.00
Oct-2020 2,995.00
Sep-2020 3,550.00

B 33,556.00

Apr-2020 2,700.00
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Duke Energy Progress, LLC Redacted Version®
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021
Dates and Amounts of Payments for RECs - Calendar Year 2020
Counterparty and Payment Dates REC cost
Aug-2020 3,624.00
Dec-2020 2,432.00
Feb-2020 2,420.00
Jan-2020 2,140.00
Jul-2020 3,244.00
Jun-2020 3,564.00
Mar-2020 2,060.00
May-2020 3,588.00
Nov-2020 2,432.00
Oct-2020 2,516.00
Sep-2020 . 2,836.00
B 4213.50
Apr-2020 331.50
Aug-2020 502.50
Dec-2020 242.50
Feb-2020 272.00
Jan-2020 252.00
Jul-2020 447.00
Jun-2020 432.50
Mar-2020 249.50
May-2020 448:50
Nov-2020 273.00
Oct-2020 360.50
Sep-2020 402.00
e s s e s e 4398500
Apr-2020 3.360.00
Aug-2020 ©5,090.00
Dec-2020 3,200.00
Feb-2020 2,770.00
Jan-2020 2,560.00
Jul-2020 4,440.00
Jun-2020 4,215.00
Mar-2020 2,600.00
May-2020 4,590.00
Nov-2020 3,540.00
Oct-2020 3,640.00
Sep-2020 3,980.00
33,940.00
Apr-2020 . 2,632.00
Aug-2020 3,908.00
Dec-2020 2,440.00
Feb-2020 2,136.00
Jan-2020 1,968.00
Jul-2020 3,492.00
Jun-2020 3,164.00
Mar-2020 2,024.00
May-2020 3,588.00
Nov-2020 2,804.00
Oct-2020 2,708.00
Sep-2020 3,076.00
e 18,362.25
Apr-2020 1,431.00
Aug-2020 2,052.00
Dec-2020 1,347.75
Feb-2020 1,197.00
Jan-2020 1,109.25
Jul-2020 1,842.75
Jun-2020 1,795.50
Mar-2020 1,111.50

* Information in italics is confidential
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Duke Energy Progress, LLC Redacted Version*
Docket No. E-2, Sub 1276 Jennings Exhibit No. 1, Appendix 1
2020 REPS Compliance Report June 15,2021

Dates and Amounts of Payments for RECs - Calendar Year 2020

Counterparty and Payment Dates REC cost
May-2020 1,912.50
Nov-2020 1,514.25
Oct-2020 1,480.50
Sep-2020 1,568.25

| T o s e b et 0 ik ) 27,477.00
Apr-2020 2,127.00
Aug-2020 2,982.00
Dec-2020 1,935.00
Feb-2020 1,854.00
Jan-2020 1,704.00
Jul-2020 2,610.00
Jun-2020 2,673.00
Mar-2020 1,896.00
May-2020 2,766.00
Nov-2020 2,310.00
Oct-2020 2,196.00
Sep-2020 2,424.00

P i I £ 35,608.00
Apr-2020 2,780.00
Aug-2020 3,964.00
Dec-2020 2,436.00
Feb-2020 2,288.00
Jan-2020 2,048.00
Jul-2020 3,476.00
Jun-2020 3,516.00
Mar-2020 2,444.00
May-2020 3,652.00
Nov-2020 3,040.00
Oct-2020 2,880.00
Sep-2020 3,084.00

Grand Total 37,426,436.22
[END CONFIDENTIAL]

* Information in italics is confidential
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DUKE ENERGY PROGRESS, LL.C
Docket No. E-2, Sub 1276

Compliance Costs

Line
No. Renewable Resource

REDACTED VERSION

EMF Period
April 1,2020 - March 31,2021

Jennings Exhibit No. 2
Page 1 of 11
June 15, 2021

Billing Period
December 1, 2021 - November 30, 2022

RECs Total Units  Cost per
only Note 3 Unit Total Cost RECs

Total Units  Cost per
Note 3 Unit Total Cost RECs
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DUKE ENERGY PROGRESS, LLC
Docket No. E-2, Sub 1276

Compliance Costs

Line
No. Renewable Resource

REDACTED VERSION

EMF Period
April 1, 2020 - March 31, 2021

Jennings Exhibit No. 2
Page 2 of 11
June 15, 2021

Billing Period
December 1,2021 - November 30, 2022

RECs Total Units  Cost per
only Note3 Unit Total Cost RECs

Total Units  Cost per
Note 3 Unit Total Cost RECs
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DUKE ENERGY PROGRESS, LLC
Docket No. E-2, Sub 1276

Compliance Costs

Line
No. Renewable Resource

REDACTED VERSION

EMF Period
April 1, 2020 - March 31,2021

Jennings Exhibit No. 2
Page 3 of 11
June 15, 2021

Billing Period
December 1, 2021 - November 30, 2022

RECs Total Units  Cost per
only Note 3 Unit Total Cost RECs

Total Units Cost per
Note 3 Unit Total Cost RECs
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DUKE ENERGY PROGRESS, LLC
Docket No. E-2, Sub 1276

Compliance Costs

Line
No. Renewable Resource

REDACTED VERSION

EMF Period
April 1, 2020 - March 31, 2021

Jennings Exhibit No. 2
Page 4 of 11
June 15, 2021

Billing Period
December 1, 2021 - November 30, 2022

RECs Total Units  Cost per
only Note 3 Unit Total Cost RECs

Total Units Cost per
Note 3 Unit Total Cost RECs

90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
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DUKE ENERGY PROGRESS, LLC
Docket No. E-2, Sub 1276

Compliance Costs

Line
No. Renewable Resource

REDACTED VERSION

EMF Period
April 1, 2020 - March 31, 2021

Jennings Exhibit No. 2
Page 5 0of 11
June 15, 2021

Billing Period
December 1, 2021 - November 30, 2022

RECs Tofal Units  Cost per
only Note 3 Unit Total Cost RECs

Total Units  Cost per
Note 3 Unit Total Cost RECs

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
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DUKE ENERGY PROGRESS, LL.C
Docket No. E-2, Sub 1276

Compliance Costs

Line
No. Renewable Resource

REDACTED VERSION

EMF Period
April 1, 2020 - March 31, 2021

Jennings Exhibit No. 2
Page 6 of 11
June 15, 2021

Billing Period
December 1, 2021 - November 30, 2022

RECs Total Units  Cost per
only Note 3 Unit Total Cost RECs

Total Units (Cgst per
Note 3 Unit Total Cost RECs

148
149
150
151
152
153
154
155
156
157
158
159
160
161

162
163
164
165
166
167
168
169
170
171

172
173

174
175

176
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DUKE ENERGY PROGRESS, LLC
Docket No. E-2, Sub 1276

Compliance Costs

Line
No. Renewable Resource

REDACTED VERSION

EMF Period
April 1, 2020 - March 31, 2021

Jennings Exhibit No. 2
Page 7of 11
June 15, 2021

Billing Period
December 1, 2021 - November 30, 2022

RECs Total Units  Cost per
only Note3 Unit Total Cost RECs

Total Units  (ggt per
Note 3 Unit Total Cost RECs

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
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DUKE ENERGY PROGRESS, LLC
Docket No. E-2, Sub 1276

Compliance Costs

Line
No. Renewable Resource

REDACTED VERSION

EMF Period
April 1, 2020 - March 31, 2021

Jennings Exhibit No. 2
Page 8 of 11
June 15, 2021

Billing Period
December 1, 2021 - November 30, 2022

RECs Total Units Cost per
only Note 3 Unit Total Cost RECs

Total Units Cost per
Note 3 Unit Total Cost RECs

206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
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DUKE ENERGY PROGRESS, LLC
Docket No. E-2, Sub 1276

Compliance Costs

Line
No. Renewable Resource

REDACTED VERSION

EMF Period
April 1, 2020 - March 31, 2021

Jennings Exhibit No. 2
Page 9 of 11
June 15, 2021

Billing Period
December 1, 2021 - November 30, 2022

RECs Total Units  Cost per
only Note 3 Unit Total Cost RECs

Total Units  Cost per
Note 3 Unit Total Cost RECs

230
231
232
233
234
235
236
237
238
239

240
241
241
242
243
244
245
246
247
248
249

250
251
252
253
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REDACTED VERSION
DUKE ENERGY PROGRESS, LL.C
Docket No. E-2, Sub 1276

Compliance Costs

EMF Period
April 1, 2020 - March 31, 2021

Jennings Exhibit No. 2
Page 10 0f 11
June 15, 2021

Billing Period
December 1, 2021 - November 30, 2022

Line RECs Total Units  Cost per
No. Renewable Resource only Note3 Unit Total Cost

RECs

Total Units
Note 3

Cost per
Unit

Total Cost RECs

254
255
256
257
258
259
260
261

262
263  Other Incremental Cost (see Jennings Exhibit No. 3 for Incremental Cost worksheet}

$

264 Billing Period estimated credits for receipts related to contracts (see Jennings Exhibit No. 3) $
265 Solar Rebate Program (see Jennings Exhibit No. 3 for cost detail) $ 1,655,566

3

$

1,406,287

266 Research (see Jennings Exhibit No. 3 for Research cost detail) 998,132

267 Total Research and Other Incremental Cost [ 4,059,985 |
268 Total REPS Cost - to Williams Exhibit Ne. 1 ['s 214,720,037
269 EMF Period actual credits for receipts related to contracts - to Williams Exhibit No.4 - footnote (2) $ (67,900)

Jennings Exhibit No.3

Note 1

Note 1

1,489,400
(400,000) Note I

2,331,000
950,700

S 4,371,100
$ 162,337,876

$
$
$
$
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REDACTED VERSION Jennings Exhibit No. 2
DUKE ENERGY PROGRESS, LLC Page 11 of 11
Docket No. E-2, Sub 1276 June 15, 2021

Compliance Costs

EMF Period Billing Period
April 1, 2020 - March 31, 2021 December 1, 2021 - November 30, 2022
Line RECs Total Units  Cost per Total Units  Cost per
No. Renewable Resource only Note 3 Unit Total Cost RECs Note 3 Unit Total Cost RECs

Notes:

Note 1: EMF Period contract receipts are not included in the
under/overcollection calculation on Williams Exhibit No. 2, instead they are
credited directly to customer class on Williams Exhibit No. 4. Estimated
contract receipts are included in Billing Period total other incremental cost as a
reduction in REPS charges proposed for the Billing Period.

Note 2: The revenue requirements associated with each of the Company's solar
generating facilities were included in total in the Company's most recent base
rate case. The Commission accepted DEP's conclusion that the facility costs
included in its proposed base rates were prudently incurred and approved
recovery through base rates. Annual levelized costs are no longer calculated
and reported in this exhibit.

Note 3: Total units refers to MWhs for bundled energy and REC purchases or
to REC:s for purchases denoted as RECs only.
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DUKE ENERGY PROGRESS, LLC Jennings Exhibit No. 3
Docket No. E-2, Sub 1276 Page 1 of 2

June 15,2021

REDACTED VERSION#* EMF Period Billing Period
April 1,2020 - December 1, 2021 -
March 31, 2021 November 30, 2022

Line No. Incremental Cost Worksheet:

O 00NN B W N

——
—

20
21
22
23

Labor by activity:

Total Other Incr 1 Cost $ 1,406,287 §$ 1,489,400

Solar Rebate Program Cost Detail (recovery in REPS pursuant to G.S. 62-155(f)): (1)
Annual Amortization of Incentives Provided to Customers, plus return on unamortized balance 1,568,103 § 2,171,300
Annual Amortization of Program Administrative Labor Costs, plus return on unamortized balance
Annual Amortization of Program Administrative Contract Labor & Other Administrative Costs, plus return on unamortized balance
Total Solar Rebate Program Cost 1,655,566 $ 2,331,000

(1) All annual Solar Rebate Program costs reflect amortization of incurred costs over 20 years, including a return on the unamortized balance,

“Information in italics is confidential
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DUKE ENERGY PROGRESS, LLC
Docket No. E-2, Sub 1276

Line No.

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

45
46
47
48
49
50
51

52

REDACTED VERSION*

Incremental Cost Worksheet:

Research Cost Detail:

Astrape Battery Storage Effective Load Carrying Capability Study

Coalition for Renewable Natural Gas Membership

Eos Energy Storage Technology Development - McAlpine

EPRI - DER Interconnection Standards & Practices

EPRI - Inverter Reactive Power and Voltage Control Effectiveness and Application Study
EPRI - Membership

EPRI - Supplemental Projects

ETO - Control Hardware-in-the-Loop (CHIL) Circuit and DER Simulation

IEEE 1547 Conformity Assessment Education and Credentialing Program Development
Navigant - Impact of Enabling Inverter Based Resource Reactive Power Controls
NCSU - Adopting DVAR to Mitigate PV Impact on a Distribution System

NCSU - Distributed Generation Cost-of-Service Impacts

NCSU - Future Renewable Electric Energy Delivery & Mgmt Center (FREEDM Center)
NCSU - Low Energy Drying of Swine Sludge

NREL - Carbon-free Resource Integration Study

PNNL - Dynamic Var Compensator (“DVC”) Pilot

Research Triangle Institute - Biogas Utilization in NC

Smart Electric Power Alliance

Southeastern Wind Coalition

UNCC - Energy Storage Integration Study

Jennings Exhibit No. 3
Page 2 of 2
June 15, 2021

Total Research Cost

Total Other Incremental Cost

Projected credits for receipts related to contract amendments/liquidated damages, etc
Total Other Incremental Cost and other credits

Total Solar Rebate Program Cost

Total Research Cost

Grand Total - Other Incremental, Solar Rebate Program, and Research Cost, other credits

EMF Period actual credits for receipts related to contracts - see Note 1

Net Other Incremental, Solar Rebate Program and Research Cost

Note 1: EMF Period contract receipts are not included in the under/overcollection calculation on Williams Exhibit No. 2, instead they are
credited directly to customer class on Williams Exhibit No. 4. Estimated contract receipts are included in Billing Period total other incremental

cost as a reduction in REPS charges proposed for the Billing Period.

* Information in italics is confidential

*Information in italics is confidential

EMF Period Billing Period

April 1,2020 - December 1, 2021 -

March 31, 2021 November 30, 2022
998,132 $ 950,700
$ 1,489,400
i $ {400,000
3 1,406,287 1,089,400
3 1,655,566 2,331,000
3 998,132 950,700
$ 4,059,985 4,371,100

$ (67,900)

3 3,992,085 4,371,100
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Docket No. E-2, Sub 1276

I. Summary of Methodology and Results

This study was requested by Duke Energy Carolinas (DEC) and Duke Energy Progress (DEP) to
analyze the capacity value of battery technology within each system. Capacity value is the
reliability contribution of a generating resource and is the fraction of the rated capacity considered
to be firm. This value is used for reserve margin calculation purposes. Because battery systems
have limited energy storage capability and must be recharged, either from the grid or a dedicated
generation resource, a battery’s ability to reliably provide MW capacity when it is needed will
differ from that of a fully dispatchable resource such as a gas-fired turbine, which can be called
upon in any hour to produce energy, notwithstanding unit outages. Imperfect foresight of factors
such as generator outages, load, and renewable energy generation leads to suboptimal battery
charge and discharge scheduling, which can further impact the capacity contribution of energy
storage resources. This study addresses the effects of both stored energy limits and imperfect
foresight on the capacity value of battery energy storage systems. The study results provide the
capacity value for battery energy storage systems used in the DEC and DEP Integrated Resource

Plans.

Both DEC and DEP experience the majority of reliability risks in the winter, and battery energy
storage systems are well-suited, up to certain penetration levels, to provide energy during the short
peaks seen on cold winter mornings. This study analyzes the capacity contribution of 2-hour, 4-
hour, and 6-hour stand-alone energy storage projects, and of paired battery plus solar systems, at
several levels of market penetration by batteries, and two different levels of market penetration by

solar for each utility. As market penetration increases, the system’s net load peaks are flattened.

4
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This lowers the capacity value of incremental energy storage as battery systems must discharge

for longer periods to serve the wider net load peak.

A. Methodology
Astrapé performed this Effective Load Carrying Capacity (ELCC) study using the Strategic
Energy Risk Valuation Model (SERVM) which is the same model used for the DEC and DEP
2020 Resource Adequacy Studies. The underlying load and resource modeling are documented in
the Resource Adequacy Reports. Additional details of the model setup and assumptions are

included in the Technical Modeling Appendix of this report.

The Effective Load Carrying Capacity (ELCC) methodology was used to calculate the capacity
value of energy storage resources. A “base” case of the system is first established which involves
calibrating DEC and DEP to the 1 day in 10-year industry standard of 0.1 Loss of Load Expectation
(LOLE). This is a common industry standard as documented in the Resource Adequacy Reports
and ensures that battery capacity is being valued within a reliable system. Itis expected that battery
energy storage would not perform well as a capacity resource in a system with LOLE much greater
than 0.1, because periods in which firm load shed occurs would be longer in duration. Once the
“base” case is established, the battery energy storage resources are added to the system. The
additional resources improve LOLE to less than 0.1. Next, load is increased by adding a perfectly

negative resource', until the LOLE is returned to 0.1 days per year®. The ratio of the additional

! Within the modeling, a perfectly negative unit is added to the system which is a unit that produces the same
negative output in every hour of the year. This is equivalent to adding load in every hour of the year.

2 Because it is difficult to return cases back to exactly 0.1 days per year, several load levels were analyzed for each
battery setup and interpolation was performed to estimate the amount of load added to return to the Base Case
LOLE.

5
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load MW to the battery MW is the reliability contribution or capacity value of the battery resource.

For example, if 100 MW of battery is added and achieves the same Base Case LOLE after adding

90 MW of load, the capacity value is 90 MW divided by 100 MW which equals 90%.

B. Study Scope

Astrapé calculated the average capacity value of battery energy storage systems with three

different storage durations and at four levels of cumulative battery capacity for each utility (DEP

and DEC). Tables 1 and 2 below show the different combinations of cumulative battery capacity

and energy storage duration modeled for each utility. In addition, each capacity/duration

combination was simulated with base and high total solar capacity assumption as indicated in the

table headings.

Table 1. DEP Run Matrix (Base

Solar = 4,000; High Solar = 5,500 MW)

Standalone Battery Duration
(hrs)

Duration
Cumulative
Battery Capacity

2 4 6

800 MW

1,600 MW (incr 800)

2,400 MW (incr 800)

3,200 MW (incr 800)

Table 2. DEC Run Matrix (Base

Solar = 2,700; High Solar = 4,500 MW)

Standalone Battery Duration
(hrs)

Duration
Cumulative
Battery Capacity

2 4 6

400 MW

800 MW (incr 400)

1,200 MW (incr 400)

1,600 MW (incr 400)
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Combined storage plus solar projects were also analyzed. Capacity contributions for 500 MW and
1,000 MW solar projects were analyzed for DEC, and 800 MW and 1,600 MW for DEP. The
maximum MW output of each combined solar plus storage system was capped at the project’s AC
solar capacity, which is common for solar plus storage resources. Three different battery-to-solar
MW capacity ratios were modeled, and it was assumed that the battery could be charged only from
the solar array, and not from the grid. The solar generation profiles used were based on single-
axis tracking systems with 1.5 inverter loading ratios. The individual permutations are shown in
Tables 3 and 4 below and were replicated for both 2-hour and 4-hour storage durations.

Table 3. DEP Storage Plus Solar Permutations

Project Max _ Battery Existing
Capacity Solar Capacity Capacity Standalon(_e

(MW) (MW) (MW/% of Solar Capacity

solar) (MW)

800 800 80 (10%) 3,200

800 800 240 (30%) 3,200

800 800 400 (50%) 3,200

1,600 1,600 160 (10%) 3,900

1,600 1,600 480 (30%) 3,900

1,600 1,600 800 (50%) 3,900

Table 4. DEC Storage Plus Solar Permutations

Project Max _ Battery Existing
Capacity Solar Capacity Capacity Standalont_e

(MW) (MW) (MW/% of Solar Capacity

solar) (MW)

500 500 80 (10%) 2,200

500 500 240 (30%) 2,200

500 500 400 (50%) 2,200

1,000 1,000 160 (10%) 3,200

1,000 1,000 480 (30%) 3,200

1,000 1,000 800 (50%) 3,200

OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 4
Docket No. E-2, Sub 1276

C. Battery Modeling
For this study, battery resources were modeled in three operating modes using SERVM. We
describe these as (1) Preserve Reliability Mode (2) Economic Arbitrage Mode and (3) Fixed

Dispatch Mode based on a set rate schedule.

The objective of Preserve Reliability Mode is to provide energy only during reliability events. In
this mode, SERVM maintains full charge on the storage resource at all times and only dispatches
the resource during these reliability events. This mode allows the battery to run a small number
of days per year but provides a high degree of reliability. This option assumes that the utility has
full control of the battery and that it would be used in the most conservative way possible. While
this method would provide the most capacity value, it provides little to no economic value and is
not how batteries are typically expected to be run on the system. For this reason, Preserve
Reliability Mode is largely an academic exercise that provides a theoretical maximum capacity

value but is not directly useful for planning purposes.

The objective of Economic Arbitrage Mode is to maximize the economic value of the battery. In
this mode, SERVM schedules the battery to charge at times when system energy costs are low,
and to discharge when system energy costs are high. Generally, this type of dispatch aligns well
with resource adequacy risks, meaning the battery will be available to discharge during peak net
load conditions when loss of load events are most likely to occur. In this mode, SERVM offers
recourse options during a reliability event. In other words, SERVM allows the schedule of the

battery to be adjusted in real time, and discharge if its state of charge is greater than zero to avoid
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firm load shed. This method also assumes the utility has full control of the battery and best

represents how stand-alone batteries are expected to be operated.

Operation in Fixed Dispatch Mode assumes that the utility has no control over battery operations
and that the battery owner simply charges and discharges to maximize net revenue based on a set
rate schedule. A battery operating in this mode provides much less capacity value than a battery
controlled by the utility. It is not anticipated that stand-alone batteries would be operated in this
mode, but Fixed Dispatch is an appropriate assumption for solar plus storage projects that are
subject to Public Utility Regulatory Policies Act (PURPA) avoided cost contracts and rates. The
study results show that the capacity value of batteries operated in Fixed Dispatch Mode declines
significantly over time if the rate structure remains fixed, because loss of load hours will shift out
of alignment with the hours in which the rate structure incentivizes battery discharging as the

system evolves.

For all three modes, batteries were assumed to have no limits on ramping capability or constraints
on number of cycles per day outside of the ability to charge the battery. Capacity values were
calculated for stand-alone batteries under all three modes described above. Astrapé recommends
capacity values used in the IRPs to reflect the results for Economic Arbitrage Mode for stand-
alone batteries and for solar plus storage projects over which the utility has full dispatch rights.
For solar plus storage projects subject to PURPA rates, Astrapé recommends that IRP capacity

values reflect the results for Fixed Dispatch Mode.
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D. Imperfect Foresight for Unit Commitment

SERVM does not have perfect day-ahead foresight around generator outages, load, and solar
generation as it commits and dispatches resources. This imperfect knowledge does not impact the
commitment and dispatch of batteries modeled under the Preserve Reliability Mode or Fixed
Dispatch Mode. However, these uncertainties do impact batteries modeled in Economic Arbitrage
Mode because SERVM is scheduling to minimize production costs, and day-ahead schedules will
be sub-optimal to the extent that day-ahead forecasts do not perfectly match real time conditions.
The day ahead solar and load uncertainty distributions are included in the Technical Appendix.
Generator forced outages used in this study are the same as those used in the 2020 Resource
Adequacy Study. The impact of these forecast uncertainties on the capacity value of batteries in
Economic Arbitrage Mode can be estimated by comparing the difference between the capacity
value of batteries in this mode and that of batteries in Preserve Reliability Mode, which maximizes

capacity value at the expense of economic value.

E. Stand Alone Battery Results
Tables 5 and 6 shows the average capacity value results for stand-alone batteries in DEP up to
cumulative system battery capacity of 3,200 MW, assuming two different levels of cumulative
solar capacity. As discussed above, the capacity value for batteries in Preserve Reliability Mode
is approximately 5-10% greater than that of batteries in Economic Arbitrage Mode. This is due to
the fact that the Economic Arbitrage Mode schedules the resource day ahead to flatten the net load
shape. As load, solar generation, or generator availability changes, the hours in which the resource

may be needed for a reliability event could change as well, reducing the reliability of the battery
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resource to the extent that state of charge is misaligned with the new reliability event hours. If the
battery is forced to follow a fixed dispatch schedule with no ability to respond during reliability
events, the capacity value is substantially lower. This effect, combined with the fact that battery
capacity values decline as cumulative battery capacity increases, indicates that it is imperative for
the utility to have control of these resources as battery penetrations increase. Although as stated
previously, stand-alone batteries are not expected to operate in Fixed Dispatch Mode, and it is
likely that rate structures would be adjusted as cumulative battery capacity increased so as to
maintain alignment between fixed dispatch scheduling and resource adequacy needs. Because of
this, it is expected that the capacity values in the higher battery penetration cases with fixed

dispatch are unreasonably low.
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Table 5. DEP Standalone Capacity Value Results

Full control and
reserved for LOLE
events
(Academic Only)

Full control,
dispatched for
economic arbitrage -
allowed to change
dispatch during
reliability events

No control, dispatch
based on rate
schedule; no change
in dispatch during
reliability events
(Academic Only)

(Recommended)

Solar Duration Battery Average Capacity Average Capacity Average Capacity
Capacity (hr) Capacity Value - Pr.e.serve Value - Fconomic Value -Fixed
(MW) (MW) Reliability Arbitrage Schedule
4,000 2 800 95% 88% 55%
4,000 4 800 97% 94% 62%
4,000 6 800 97% 95% 62%
4,000 2 1,600 77% 66% 37%
4,000 4 1,600 93% 87% 40%
4,000 6 1,600 95% 90% 40%
4,000 2 2,400 65% 57% 27%
4,000 4 2,400 86% 78% 27%
4,000 6 2,400 92% 84% 28%
4,000 2 3,200 56% 50% 22%
4,000 4 3,200 76% 69% 22%
4,000 6 3,200 86% 78% 23%
5,500 2 800 96% 90% 60%
5,500 4 800 100% 97% 69%
5,500 6 800 100% 98% 75%
5,500 2 1,600 80% 72% 39%
5,500 4 1,600 94% 88% 41%
5,500 6 1,600 97% 93% 41%
5,500 2 2,400 68% 60% 29%
5,500 4 2,400 86% 80% 29%
5,500 6 2,400 94% 87% 28%
5,500 2 3,200 57% 52% 21%
5,500 4 3,200 80% 72% 21%
5,500 6 3,200 89% 82% 21%
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The DEC results for stand-alone batteries are shown in the following table.

Table 6. DEC Standalone Capacity Value Results

d::sl:)"a::::;oflc,)r No control, dispatch
Full control and . . based on rate
reserved for LOLE economic arbitrage - schedule; no change
events all9wed to chafnge in dispatch during
(Academic Only) d'?pa.tf:h during reliability events
reliability events (Academic Only)
(Recommended)
Solar . Battery Average Capacity Average Capacity Average Capacity
. Duration . . .
Capacity (hr) Capacity Value - Pr.e.serve Value - !Economlc Value -Fixed
(MW) (MW) Reliability Arbitrage Schedule
2,700 2 400 91% 85% 74%
2,700 4 400 98% 92% 80%
2,700 6 400 100% 100% 82%
2,700 2 800 88% 75% 59%
2,700 4 800 96% 91% 66%
2,700 6 800 96% 93% 79%
2,700 2 1,200 74% 64% 48%
2,700 4 1,200 94% 84% 56%
2,700 6 1,200 95% 90% 73%
2,700 2 1,600 65% 57% 39%
2,700 4 1,600 88% 80% 41%
2,700 6 1,600 95% 89% 57%
4,500 2 400 96% 90% 74%
4,500 4 400 100% 100% 80%
4,500 6 400 100% 100% 83%
4,500 2 800 92% 81% 62%
4,500 4 800 97% 90% 69%
4,500 6 800 97% 93% 79%
4,500 2 1,200 81% 66% 53%
4,500 4 1,200 94% 87% 58%
4,500 6 1,200 95% 93% 75%
4,500 2 1,600 73% 65% 42%
4,500 4 1,600 92% 86% 45%
4,500 6 1,600 94% 91% 61%
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F. Sensitivity - 6-Hour Standalone Battery at Higher Market
Penetration Levels

Finally, sensitivity analysis was performed on stand-alone battery capacity to assess the effect of
adding additional battery capacity above the 1,600 MW for DEC and 3,200 MW for DEP 4-hour
configurations. Two 800 MW blocks of 6-hour battery capacity were added to DEP, and two
400 MW blocks of 6-hour battery capacity were added to DEC. The results in Tables 7 and 8
show that despite the additional storage having 6-hour duration, the overall average capacity

value for storage still declines.
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Table 7. DEP Sensitivity Results

Capacity Value -
DEP Pelr;\aetttr‘:\?ilon Economic
Arbitrage
all 4-hour 800 97%
all 4-hour 1,600 88%
all 4-hour 2,400 80%
all 4-hour 3,200 72%
additional 6- 4,000 67%
hour
additional 6- 4,800 63%
hour

Table 8. DEC Sensitivity Results

Capacity Value -
DEC P Ba';te? Economic
enetration Arbitrage
all 4-hour 400 100%
all 4-hour 800 90%
all 4-hour 1,200 87%
all 4-hour 1,600 86%
additional 6- 2,000 82%
hour
additional 6- 2,400 79%
hour
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G. Combined Solar Plus Storage Battery Results

The combined solar plus storage results are shown in Table 9 and 10 below. For these runs,
only the Economic Arbitrage Mode and the Fixed Schedule Mode analyses were conducted. The
capacity values are shown as a percentage of the MW capacity of the paired solar project.
Because solar capacity value in the winter is minimal, it is likely that the battery contributes most
of the value shown for the combined solar plus storage system. Solar provides slightly more
value in DEC, where there is a very small amount of summer LOLE that corresponds well to
solar generation. Because the penetration of battery capacity wasn’t increased as high as the
standalone battery analysis, the battery capacity remained high. It is expected that battery
capacity value would decline as cumulative installed battery capacity, whether coupled with

solar or charged solely from the grid, increased further, as indicated by the standalone battery

analysis.
Table 9. DEP Solar Plus Storage Results
Solar Economic No Dispatch
. . Arbitrage - Utility Rights - Fixed
Standalone Project Battery Capacity
Controlled Schedule
Solar Duration Max Capacity Paired Average Capacity | Average Capacit
Capacity (hr) Capacity | (MW / % of with Valgue (typof ¥ Valie (‘ypof v

(MW) (MW) Solar) Storage . ’ . .

(MW) Project Max Project Max

Capacity) Capacity)

3,200 2 800 80 (10%) 800 12% 8%
3,200 2 800 240 (30%) 800 31% 21%
3,200 2 800 400 (50%) 800 45% 25%
3,200 4 800 80 (10%) 800 12% 11%
3,200 4 800 240 (30%) 800 31% 27%
3,200 4 800 400 (50%) 800 49% 34%
3,900 2 1,600 160 (10%) 1,600 12% 8%
3,900 2 1,600 480 (30%) 1,600 30% 17%
3,900 2 1,600 800 (50%) 1,600 46% 23%
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3,900 4 1,600 160 (10%) 1,600 12% 11%
3,900 4 1,600 480 (30%) 1,600 31% 23%
3,900 4 1,600 800 (50%) 1,600 51% 27%
Table 10. DEC Solar Plus Storage Results
solar ArbiE::;: “Uttiy | No Dispateh
Standalone Project Battery Capacity Controlled Rights - Fixed
Solar Duration Max. Capacity Pai'red Average Capacity Schedfjle Average
Capacity (hr) Capacity | (MW / % of with Value (% of Capacity Value (%
(MW) (MW) Solar) Storage Project Max of Projec't Max
(Mw) Capacity) Capacity)
2,200 2 500 50 (10%) 500 11% 8%
2,200 2 500 150 (30%) 500 28% 20%
2,200 2 500 250 (50%) 500 43% 28%
2,200 4 500 50 (10%) 500 14% 14%
2,200 4 500 150 (30%) 500 30% 28%
2,200 4 500 250 (50%) 500 44% 43%
3,200 2 1,000 100 (10%) 1,000 9% 7%
3,200 2 1,000 300 (30%) 1,000 26% 19%
3,200 2 1,000 500 (50%) 1,000 41% 30%
3,200 4 1,000 100 (10%) 1,000 10% 9%
3,200 4 1,000 300 (30%) 1,000 28% 25%
3,200 4 1,000 500 (50%) 1,000 43% 41%

To further illustrate the potential misalignment between a fixed dispatch schedule and Expected

Unserved Energy (EUE) hours, Figures 1 and 2 below show the solar plus storage profiles for

January of systems operating according to a fixed dispatch schedule (primary axis) with the EUE

hours (secondary axis). The fixed dispatch schedule aligns better with the EUE hours for DEC

than for DEP, resulting in a higher capacity value for these systems in DEC. The misalignment

shown in both charts would be expected to increase over time if rate schedules were not adjusted,

as battery storage is added to the system or other factors change.
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Figure 1. DEP Fixed Dispatch for Combined Cases

Figure 2. DEC Fixed Dispatch for Combined Cases
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H. Conclusions
The results of the ELCC Study estimate significant capacity value, that reduces as penetration
increases, for 4-hour and 6-hour storage for both Companies to assist in offsetting the winter
reliability risks. In DEP, 2,400 MW of 4-hour storage is estimated to have an average capacity
value of 80%. In DEC, 1,600 MW of 4 — hour storage is estimated to have an average capacity
value of greater than 85%. The study reveals significant capacity value in scenarios where the
utility had dispatch rights over the storage compared to the owner discharging or charging based
only on an economic rate schedule. The combined solar plus storage projects, including those
with a battery to solar ratio of 50%, showed capacity values commensurate with the battery size.
While this study does include some level of operator uncertainty due to day-ahead dispatch of
storage, there are potentially additional operational constraints of storage technology that were
not explored in this study. For example, there were no charging/discharging constraints, ramping
constraints, daily cycle constraints, or degradation assumed in this Study. As the Companies and
industry gain experience about the large-scale deployment of storage, these estimates should be

revisited.
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II. Technical Modeling Appendix

The following sections include a discussion on the setup and assumptions used to evaluate the
capacity value of battery. The Study utilized the load and resource assumptions from the 2020
Resource Adequacy Study and Framework which are detailed in Sections III and IV of those

reports.’

A. SERVM Framework and Cases
The study uses the same 2024 study year framework as the Base Case 2020 Resource Adequacy
Study and includes 39 weather years (1980 — 2018), five load forecast error multipliers, and Monte
Carlo generator outages. For capacity value studies in which significant levels of cumulative
battery capacity are analyzed, the number of iterations and run times are extensive. For example,
each of the weather year and load forecast error multipliers was simulated with 100 generator
outage iterations. Two measures were taken to reduce the number of iterations and the simulation

time.

First, since the capacity value is calculated from only cases that contain LOLE, weather years with
zero LOLE were removed from the analysis. This trimmed down the simulations from 39 years
to 24 years. Each weather year was still given a 1/39 chance of occurring. Second, instead of
modeling all external neighbors, an hourly purchase resource was developed based on the Base

Case reserve margin study which allowed external neighbors to be eliminated from the modeling

3 Duke Energy Carolinas 2020 Resource Adequacy Study
Duke Energy Progress 2020 Resource Adequacy Study
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to significantly reduce run time. To develop the market purchase resource, hourly purchase reports
from the Base Case were used and the relationship between net load and purchases was estimated
by hour of day and month. This relationship expressing purchases as a function of net load was
then applied to all the weather years in the modeling. Because the Base Case simulations target
0.1 LOLE, this assumption is reasonable and was used for all the incremental battery simulations.
With these two changes, the run times were reduced significantly. Each level of battery was
studied with 24 weather years, five load forecast error multipliers, and 100 iterations of generator

outage draws.

B. Load and Solar Uncertainty

Historical hourly load and solar generation were compared to day-ahead forecasts to determine
day ahead forecast uncertainty. The following tables show the data that was used. The first column
of values displays the forecast error and the columns to the right show probabilities of the forecast
error occurring. As one would expect, the day ahead forecast for load was fairly low while the
solar error was much higher. As discussed in the summary, SERVM draws from this set of forecast
error to develop day ahead net load forecasts to commit and dispatch units. Then in real time the

actual net load is realized, and the fleet must adjust to meet net load.
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Table 11. DEP Day Ahead Load Uncertainty

DEP Normalized Load

Over- Forecast (Negative is Under-Forecast) in Normalized Load

-4%
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Table 12. DEC Day Ahead Load Uncertainty

22

DEC Normalized Load

Over- Forecast (Negative is Under-Forecast) in Normalized Load

-20%
-18%
-16%
-14%
-12%
-10%
-8%
-6%
-4%
-2%
0%
2%
4%
6%
8%
10%
12%
14%
16%
18%
20%

30%-
40%

40%-
50%

50%- 60%- 70%-
60% 70% 80%

80%-
90%

90%-
100%
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Table 13. DEP Day Ahead Solar Uncertainty

Normalized Solar

Over- Forecast (Negative is Under-Forecast) in Normalized Solar

Output

-60%
-55%
-50%

0%-
10%

10%-

20% | 30%

0%
0%

20%-

30%-
40%

0%
1%

| 0% |

40%-

50% | 60%

50%- | 60%-
70%

90%-
100%

70%-
80%

80%-
90%

-45% 1% | 3% | 1%

-40% 1% | 3% | 5% | 2%

-35% 2% | 4% | 9% | 6% | 1%

-30% 6% | 9% | 12% | 9% | 8% | 0%

-25% 8% | 10% | 17% | 15% | 17% | 4%

-20% 9% | 12% | 17% | 16% | 23% | 21% | 1%

15% | 0% | 13% | 14% | 14% | 14% | 18% | 25% | 36% | 38%

0% | 1% | 15% | 16% | 11% | 11% | 17% | 13% | 25% | 42%
23% | 13% | 15% | 5% | 9% | 7% | 9% | 9%

0% 25% | 14% | 8% | 4% | 3% | 4% | 2% | &%

5% 8% | 5% | 2% | 2% | 1% | 1% | 2%

10% 7% | 2% | 1% | 2% | 0% | 1% | 1%

15% 2% | 2% | 1% | 0% | 1%

20% 0% | 1% 0%

25%
30%
35%
40%
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Table 14. DEC Day Ahead Solar Uncertainty

Normalized Solar

Over- Forecast (Negative is Under-Forecast) in Normalized Solar

Output
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C. Stand Alone Battery Fixed Dispatch
Although the fixed dispatch analysis for a stand-alone battery is not used in the IRP, the fixed
dispatch schedule based on North Carolinas Utilities Commission Docket No. E-100 Sub 158
(“Sub 158”) avoided cost rates are shown below. The tables represent the dispatch of a 100 MW

battery for 2, 4, and 6 hour durations.

Table 15. DEP Stand Alone Fixed Dispatch 2-Hour

OFFICIAL COPY
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2-Hour [MW) Hour
Month Calendar 1 2 3 4 5 6 7 8 9 |10(11 |12 |13 (14 (15|16 |17 (18 |15 (20| 21|22 |23 | 24
1 Weekday [-39|-39(-39|-39|-39| 0 |67 |67 |67 | O [-39|-39|-39(-39(-39(-39| O O |e7 |67 |67 | 0 0 |-39
2 Weekday [-39|-39(-39|-39|-39| 0 |67 |67 |67 | O [-39|-39|-39|-39(-39(-39| O 0|67 |67 |67 |0 0 [-39
3 Weekday [-39|-39(-39|-39|-39| 0 |67 |67 |67 | O [-39|-39|-39|-39(-39(-39| O 0|67 |67 |67 0 0 |[-39
4 Weekday 0 0 ] ] ] 0 0 0 0 ] ] ] 0 0 0 0 ] ] ] 0 0 0 0 ]
5 Weekday 0 0 ] ] ] 0 0 0 0 ] ] ] 0 0 0 0 ] ] ] 0 0 0 0 ]
6 Weekday 0 0 o o o 0 0 0 0 o o o 0 0 0 0 o o o 0 0 0 0 o
7 Weekday 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
g Weekday 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9 Weekday 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 Weekday 0 0 ] ] ] 0 0 0 0 ] ] ] 0 0 0 0 ] ] ] 0 0 0 0 ]
11 Weekday 0 0 o o o 0 0 0 0 o o o 0 0 0 0 o o o 0 0 0 0 o
12 Weekday [-39|-39(-39|-39|-39| 0 |67 |67 |67 | O [-39|-39|-39(-39(-39(-39| O O |e7 |67 |67 | 0 0 |-39
1 Weekend |-39(-39|-39(-39|-39| 0 |67 |67 |67 | 0O |-39|-39|-39|-39(-39|-39| O 0|67 |67 |67 0 0 |[-39
2 Weekend |-39(-39|-39(-39|-39| 0 |67 |67 |67 | O |-39|-39|-39|-39(-39|-39| O 0|67 |67 |67 | 0 0 -39
3 Weekend |-39(-39|-39|-39|-39| 0 |67 |67 |67 | 0 |-39|-39|-39|-39|-39(-39| O 0|67 |67 |67 | 0 0 |-39
4 Weekend 0 0 o o o 0 0 0 0 o o o 0 0 0 0 o o o 0 0 0 0 o
5 Weekend 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 Weekend 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 Weekend 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 Weekend 0 0 ] ] ] 0 0 0 0 ] ] ] 0 0 0 0 ] ] ] 0 0 0 0 ]
9 Weekend 0 0 o o o 0 0 0 0 o o o 0 0 0 0 o o o 0 0 0 0 o
10 Weekend 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 Weekend 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 Weekend |-39(-39|-39(-39|-39| 0 |67 |67 |67 | 0O |-39|-39|-39|-39(-39|-39| O 0|67 |67 |67 0 0 |[-39
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Table 16. DEP Stand Alone Fixed Dispatch 4-Hour & 6-Hour
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Table 17. DEC Stand Alone Fixed Dispatch 2-Hour
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Table 18. DEC Stand Alone Fixed Dispatch 4-Hour

4-Hour (MW) Hour

Month |Calendar 1 213|415 6 |78 9]|10|11]|12|13|14|15|16 |17 |18 [19 |20 (2122|2324
1 Weekday [-78|-78|-78|-78|-78| 0 |100|100|100| O |[-59|-59(-59|-59|-59[-59| O [ 50 |100|100|{100| 50 ( 0 |-78
2 Weekday [-78|-78|-78|-78|-78| 0 |100|100|100| O |[-59|-59(-59|-59|-59(-59| O [ 50 |100|100|{100| 50 [ O |-78
3 Weekday [-59|-59|-59|-59|-59| 0 |100|100|100| O |[-59|-59(-59|-59|-59(-59| O [ O |100|100|100| O [ O |-59
4 | Weekday| 0 0| O]|J]OfO]J]O|JO|J]O|O|J]O|J]Of[O]J]O|J]O|J]O]J]O|[O]J]O|[O]J]O]JO|O]O|O
5 | Weekday| O | OfO]JO|J]OfO]J]O|JO]J]O|O]J]O]J]OfO]J]O|O|JO]J]O|J]O]J]O|[O]JO]|JO|O]O
6 Weekday [-39]-39|-39|-39|-39[-39|-39|-39|-39|-39/-39| 0 | 0| O | O [ O |100[100]|100|100f O | O [ O |-39
7 Weekday [-39]-39|-39|-39|-39(-39|-39|-39|-39|-39/-39| 0 | 0| O | O [ O |100[100]|100|/100f O | O [ O |-39
8 Weekday [-39]-39|-39|-39|-39(-39|-39|-39|-39|-39|-39| 0 | 0| O | O [ O |100(100]|100|/100f O | O [ O |-39
9 Weekday [-39]-39|-39|-39|-39(-39|-39|-39|-39|-39/-39| 0 | 0| O | O [ O |100[100]|100|100f O | O [ O |-39
10 Weekday [ 0| O |O|]O]J]OfO]J]O|O]J]O|J]O|J]O]J]O|[O]J]O|J]O|[O]J]O|O]J]O|[O]JO]|JO|O]O
11 Weekday [ 0| O|O|]O]J]OfO]J]O|O]J]O|J]O|J]O]J]O|[O]J]O|J]O|[O]J]O|O]J]O|[O]JO]|JO|O]O
12 Weekday [-78|-78|-78|-78|-78| 0 |100|100|100| O |[-59|-59(-59|-59|-59(-59| O [ 50 |100|100|100| 50 [ O |-78
1 Weekend [-59|-59|-59|-59|-59| 0 |100|100|100| O [-59|-59(-59|-59|-59(-59| O [ O |100|100{100| O [ O |-59
2 Weekend [-59|-59|-59|-59|-59| 0 |100|100|100| O |[-59|-59(-59|-59|-59(-59| O [ O |100|100|{100| O [ O |-59
3 Weekend [-59|-59|-59|-59|-59| 0 |100|100|100| O |[-59|-59(-59|-59|-59(-59| O [ O |100|100{100| O [ O |-59
4 | Weekend| O O|J]O]J]OfO]J]OfO|J]O|O]J]O]J]Of[O]J]O|J]O|J]O]J]O|[O]J]Of[O]JO]JO|[O]JO|O
5 | Weekend| O|]OfOjJO|J]Of[fO]J]O|JO]J]O|JO]J]O]J]OfO]J]O|J]O|JO]J]O|J]O]JOf[O]JOJOJ[O]O
6 | Weekend| O|JOfOjJO|J]Of[fO]J]O|JO]J]O|JO]J]O]J]OfO]J]O|J]O|JO]J]O|J]O]JOf[O]JOJOJ[O]O
7 Weekend [-39]-39|-39|-39|-39(-39|-39|-39|-39|-39(/-39| 0 | 0| O | O [ O |100(100]|100|/100f O | O [ O |-39
8 Weekend [-39]-39|-39|-39|-39(-39]|-39|-39|-39|-39(/-39| 0 | 0| O | O [ O |100(100]|100|/100f O | O [ O |-39
9 | Weekend{ OJ]OfOjJO]J]Of[fO]J]O|JO]J]O|JO]J]O]J]OfO]J]O|J]OJO]J]O|J]O]JOf[O]JOJOJ[O]O
10 Weekendf O] O|O|O]JOf[fO]J]O|JO]J]O|J]O|J]O]J]Of[O]J]O|J]O[O]J]O|[O]J]Of[O]JO]JOJ[O]O
11 Weekendf O] O|O|O]J]Of[fO]J]O|JO]J]O]J]O|J]O]JOf[O]J]O|J]O[O]J]O|[O]J]Of[O]JO]JOJ[O]O
12 Weekend |[-59|-59|-59|-59[-59| O |100|100|100| O [-59|-59|-59|-59|-59(-59| O | O |100|100{100( O | O |-59

Table 19. DEC Stand Alone Fixed Dispatch 6-Hour

6-Hour (MW) Hour

Month |Calendar 1 2 3 4 5 6 7 8 9 (1011|1213 (14 |15(16(17 |18 |19 |20 |21 |22 |23 |24
1 Weekday |[-98|-98|-98|-98(-98| 0 |100|100|100| O [-59|-59|-59|-59|-59(-59| O |100|100|100{100(100| O |-98
2 Weekday |[-98|-98|-98|-98(-98| 0 |100|100|100| O [-59|-59|-59|-59|-59(-59| O |100]|100|100{100(100| O |-98
3 Weekday |[-59|-59|-59|-59[-59| O |100|100|100| O [-59|-59|-59|-59|-59(-59| O | O |100|100{100( O | O |-59
4 Weekday [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 Weekday [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 Weekday |-59|-59|-59|-59(-59|-59|-59|-59|-59|-59(-59| O |33 |33 |33(33]|100/100|100|100f 33 (33| O |-59
7 Weekday [-59|-59|-59|-59|-59(-59|-59|-59|-59|-59|-59| O [33|33|33(33]|100(100]|100|100| 33|33 | 0 |-59
8 Weekday |-59|-59|-59|-59(-59|-59|-59|-59|-59|-59(-59| O | 33|33 |33(33]|100/100|100|100f 33 (33| O |-59
9 Weekday |-59|-59|-59|-59(-59|-59|-59|-59|-59|-59(-59| O | 33|33 |33(33]|100/100|100|100f 33 (33| O |-59
10 Weekday [ 0| O|O|]O]|J]OfO]J]O|O]J]O|J]O|J]O]J]O|[O]J]O|J]O|[O]J]O|O]J]O|[O]JO|JO|O]O
11 Weekday [ 0| O|O|]O]|J]OfO]J]O|O]J]O|J]O|J]O]J]O|[O]J]O|J]O|[O]J]O|O]J]O|[O]JO|JO|O]O
12 Weekday [-98]|-98|-98|-98|-98| 0 |100/100|100| O |[-59|-59(-59|-59|-59[-59| O [100]|100|100|100|100( O |-98
1 Weekend [-59|-59|-59|-59|-59| 0 |100|100|100| O |[-59|-59(-59|-59|-59(-59| O [ O |100|100|100| O [ O |-59
2 Weekend [-59|-59|-59|-59|-59| 0 |100|100|100| O |[-59|-59(-59|-59|-59(-59| O [ 0O |100|100|100| O [ O |-59
3 Weekend [-59|-59|-59|-59|-59| 0 |100|100|100| O |[-59|-59(-59|-59|-59(-59| O [ O |100|100|100| O [ O |-59
4 | Weekend| O O|J]O]J]OfO]J]O|JO|J]O|O]J]O]J]Of[O]J]O|J]O|J]O]J]O|[O]J]O|[O]J]O]JO|O]O|O
5 | Weekend| O|]OfO]JO|J]O|fO]J]O|JO]J]O|O]J]O]J]OfO]J]O|O|JO]J]O|J]O]J]O|[O]JO]|JO|O]O
6 | Weekend| O|OfO]JO|J]OfO]J]O|JO]J]O|O]J]O]J]OfO]J]O|O|JO]J]O|J]O]J]O|[O]JO]JO|O]O
7 Weekend [-39]-39|-39|-39|-39[-39|-39|-39|-39|-39/-39| 0 | 0| O | O [ O |100[100]|100|100f O | O [ O |-39
8 Weekend [-39]-39|-39|-39|-39[-39|-39|-39|-39|-39/-39| 0 | 0| O| O [ O |100[100]|100|100f O | O [ O |-39
9 | Weekend| O|]OfO]JO|J]OfO]J]O|JO]J]O|O]J]O]J]OfO]J]O|O|JO]J]O|J]O]J]O|[O]JO]JO|O]O
10 Weekend| O O|O|]O]|J]OfO]J]O|O]J]O|J]O|J]O]J]O|[O]J]O|J]O|[O]J]O|O]J]O|[O]JO|JO|O]O
11 Weekend| OO |O|]O]|J]OfO]J]O|O]J]O|J]O|J]O]J]O|[O]J]O|J]O|[O]J]O|O]J]O|[O]JO]|JO|O]O
12 Weekend [-59|-59|-59|-59|-59| 0 |100|100|100| O |[-59|-59-59|-59|-59(-59| O [ 0O |100|100|100| O [ O |-59
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D. Combined Solar Plus Storage Fixed Dispatch
The fixed dispatch profiles for solar plus storage were provided by Duke Energy using internal
dispatch optimization models. Figure 3 and Figure 4 show the average dispatch of these resources
for January and July. Battery charging and discharging were optimized to capture clipped DC
solar energy and to maximize revenue based on Sub 158 avoided cost rates. The models utilize
“perfect foresight” of solar generation over 3-day periods. As stated in the summary, for combined
solar plus storage projects that are subject to PURPA, Astrapé recommends these capacity values;
however, for utility-controlled projects Astrapé recommends the capacity values using the

Economic Arbitrage Mode.

Figure 3. DEP Combined Solar Plus Storage Fixed Dispatch
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Figure 4. DEC Combined Solar Plus Storage Fixed Dispatch
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E. Firm Load Shed Event

Loss of Load Expectation is defined as any day that has hourly firm load shed and is consistent
with the Resource Adequacy Studies. A firm load shed event is defined as any day in which
resources could not meet load, even after utilizing neighbor assistance and demand response
programs, regardless of the number of hours affected. Regulating reserves of 218 MW in DEC

and 150 MW in DEP were always maintained. Batteries were allowed to serve regulating reserves.
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Logistics

= Clarifying questions will be answered during the presentation; major discussions at the end

= Written feedback and comments will be solicited using comment form

= Note questions then lets discuss — don'’t really want all the questions sent in that are mainly just for clarification — this
takes a lot of time to address that could be spent on the comments and recommendations

= |t would be helpful to provide more Comment and Proposed Change details :

= Being more specific makes the point, or main concerns, of the comment more apparent and allows a more direct
response.

= Comments will be taken during the discussion and the form will be distributed after the meeting

= Share the feedback form using email: Duke-IEEE1547 @duke-enerqgy.com for stakeholders to provide their
written feedback
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Page 3 Inverter Volt-VAR Study Overview:-

North Carolina Commission had tasked Duke to evaluate software-based controls of
advanced inverters according to IEEE 1547-2018 standard.

Evaluate the use of autonomous voltage-reactive power control functions at multiple inverter-
based distributed energy resources connected to the same feeder. Understand whether and
how these controls cooperate with existing integrated voltage and VAR control systems.

Evaluate the benefit and effectiveness of distributed voltage-reactive power controls at the
distribution feeder level.

Evaluate mitigation options required at the distribution feeder level to meet transmission
imposed requirements for reactive power

O
O
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Page 4 First Study Recommended Next Steps_

Conduct time series power flow studies to look at system response over many hours O
Voltage controller concerns g
i
L
O

With the IVVC commitments, how will those controls manage DER reactive power if something other
than a fixed pf is used

Consider how to control the feeder head compensation capacitor with autonomous controls

Impact on feeders with regulators that use resistive drop compensation; could require significant feeder
changes if the drop compensation is removed to accommodate DER reactive power control

Use the time series to investigate how well the existing voltage control device controllers manage the
DER reactive power

Consider controls that get more var absorption to hold voltage under 1.05

Review the impact of higher var absorption on the feeders (closer examination of reactive
power flow on the feeder)

Consider pf based controls for voltage independence and voltage reference to absorb less
reactive power at steady state

|dentify potential pilot sites; following further clarification from the additional steps above
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Expand the attributes monitored during the study; to inform conclusions

Calculate P and Q responses

Quasi-Static Time Series (QSTS) simulation using 8760 hourly load and solar profile
Consider a broader variety of controller types

= Limited controller setting variations: approximately 6 volt-var, 8 pf, 5 watt-var
= Continued use of volt-watt to backup the primary controller

More emphasis on higher voltage feeders so that less DER forces the overvoltage
Compare monitored attributes across the feeders for the various controller types

= Inform policy development to guide application of DER voltage and reactive power controls, and

= Develop methods to a) provide a quick assessment of reactive power control effectiveness at a
potential UDER interconnection point, and b) indicate the most appropriate type of control

Interim update at October TSRG
Final report February, presentation at the following TSRG

Second Study Overview:-
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More emphasis on higher voltage feeders so that less DER forces the overvoltage
Calculate P and Q responses
Consider a broader variety of controller types

= Limited controller setting variations: approximately 6 volt-var, 8 pf, 5 watt-var
= Continued use of volt-watt to backup the primary controller

Expand the attributes monitored during the study; to inform conclusions
Quasi-Static Time Series (QSTS) simulation using 8760 hourly load and solar profile
Compare monitored attributes across the feeders for the various controller types

= Inform policy developmentto guide application of DER voltage and reactive power controls, and

= Develop methodsto a) provide a quick assessment of reactive power control effectiveness at a
potential UDER interconnection point, and b) indicate the most appropriate type of control

Interim update at October TSRG
Final report February, presentation at the following TSRG

Second Study Overview:-
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Page 9 Feeder SeleCtion

= Attributes that may indicate feeders more relevant for volt-VAR studies
= |nitial system voltage near voltage limit
= Short circuit MVA at the PCC - low, typical, high
= DER kW on the feeder (not penetration)
= Upstream voltage regulation devices with droop compensation
= Weighted

= Sorted by feeders with the highest value
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Page 10 P and Q responses

1. Using data from a few operating points

OFFICIAL CO|

3. To assist with evaluating the
initial settings

2. Several characteristics
of the feeder can be
determined

Jun 15 2021
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page 11 Sample of Controller Configurations

= power factor control (pf)
= Baseline options
= 1.0 pf(0%)
= 0.95 pf (31%)
= 0.90 pf (44%)
= Full compensation (offset voltage change at Prated)
= QOvervoltage compensation (offset overvoltage at Prated)

OFFICIAL CO|

= A good limiting case, but probably not a practical case
= Likely adding a few more pf points across the range of interest will be most useful; provide a common baseline
= 097 (24%)
= 0.98 (20%)
= 0.99 (14%)

Jun 15 2021
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Page 12 Sample of Controller Configurations

= voltage — reactive power control (v-var)

= Baseline options
» |EEE default Aand B
= Study 1 setting, 1.04 pu, 2% slope to Qrated
= Continue the Boundary cases
= Full compensation (offset voltage change at Prated)

OFFICIAL CO|

= Qvervoltage compensation (offset overvoltage at Prated)
= Considering other standardized controls, for example
= A setting that exhausts reactive capability at voltage limit

= May adopt a standard range here 100, like with pf
— Spread the settings across a range: 1.02, 1.03, and 1.04.

Jun 15 2021
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Page 13 Sample of Controller Configurations

= active power control — reactive power control (watt-var)

= Baseline options
= Use a pf control
= |EEE default Aand B
= Continue the Boundary cases
= Full compensation (offset voltage change at Prated)
= Qvervoltage compensation (offset overvoltage at Prated)

= Consider variations that delay reactive compensation until higher active power levels

OFFICIAL CO|

Jun 15 2021

= yoltage — active power control (v-watt)
= Settings from first study: 1.06 puV, 0 puQ : 1.09puV, -0.312 puQ
= Expect to use it as a secondary to the primary controller, except for
= May use at feeder head DER locations where reactive power is not effective
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Metrics

= Site specific (fixed)
Rated Pgen, Qgen at PCC
and inverter

SCC at Station, PCC

X, from PCC back to
source

R, from PCC back to

source
PCC Voltage, Basecase

(P=Q=0)

PCC Voltage, Initial
(P=Prated, Q=0)

Min load kva/Peak load
kva

Feeder head power flow,
kW and kVAR

AVIAP (Presp, derivative
of voltage variation to real
power injection)

AVIAQ (Qresp, derivative
of voltage variation to
reactive power injection)

Qresp/Presp =
(dv/dQ) / (dV/dP)
AV/APrated (total voltage

change at rated active
power)

AV/AQrated (total voltage
change at rated reactive
power)

= Controller specific

Overvoltage Magnitude,
PCC, Feeder, Inverter (V)

Overvoltage Occurrences,
PCC, Feeder, Inverter

Feeder Active Power Max,
Min (kW)

Feeder Reactive Power,
Max, Min (kVAR)

Total MWh, MVARNh, at
PCC, Inverter

Tradeoff MW, MWh

OFFICIAL CO|
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Page 15 Quasi-Static Time Series (QSTS) Model

8760-hour load profile developed from DEC and DEP measurements (for year 2019)
Solar taken from the NREL NSRDB database (at each feeder zip code and for year 2019)
Feeder voltage regulation (e.g., LTC,VR,CB) .

= Local control as in the original CYME models
Inverter control

= Q priority (i.e., active power restricted if needed)

= Q cut-in power level = 5% of inverter rating
Baseline case definition

= Noinjection from the PV under study while
all other existing PVs generate power

Smart Inverter functions in evaluation
= Constant Power Factor
= Volt-Var
= Watt-Var

" OFFICIAL COl
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page 16 Time Series Preliminary Results

Feeder A Characterization Table

Substation

Feeder peak load 6.85 MW (PF = 0.995)

OFFICIAL CO|

Connected DERs Three existing and one proposed (5.5MVA each)
R_PCC (pu @ IMVA) 0.0018

X_PCC (pu @ 1MVA) 0.011

oV [ dP (puV /1MW) 0.0014 (-0.0005 ~ 0.0014 depending on load/gen levels)
aVv /aQ (puV/ 1IMVAr) 0.0110 (0.0105 ~ 0.0110 depending on load/gen levels)
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Page 17 Constant Power Factor Control Mode Comparison

PF Control Curves

PF=-0.990 PF -0.996
-
Max V_PCC (pu) 1.058 1.050 1.049 1.054 1.055

DER MWh 8472 8465 8459 8472 8472

DER MVArh 2775 -3798 -1173 -182

Max Tradeoff
MW

s
=
9]
2
3

<
o

2
k]
©
151

o

0.0 0.2 0.3 0.0 0.0

Tradeoff MWh 0.2 7.6 14.7 0.4 0.2

Jun 15 2021

— PF=10 Feeder Loss 268 268 268 268
T MWh +179 +176 +178 +176
T — PF=-0.990 (zero-DV)

T PF=-0.996 (zero,0V) Feeder Loss 2517 2517 2517 2517
0.0 02 0.4 06 . . MVArh +1573 +1596 +1625 +1569

Active Power (pu)

* Inverter clampsQ at 31.2% as its specified limit (equivalent to 0.95 power factor)
» Theworst-case (PF=-0.9) tradeoff MWh is 0.17% (i.e., 14.7MWh/8472MWh) of the total generation yield
» Thedifference between control modes on feeder loss is insignificant




Cummulative Occurance (hours)

Occurance (hours)

Jennings Exhibit No. 7
Docket No. E-2, Sub 1276
Page 18

Constant Power Factor Control Mode (Continue).

Histogram of DER PCC Voltage Histogram of DER Qinv

BoONN
o o v
o o o
e © o

Occurance (hours)

500

04
-1750 —1500 -1250 —1000 -750 -500

Cummulative Histogram

kNN
o o u
S o o
S o o

o]
=3
o

o

—— PF =-0.990 (zero-DV)
—— PF =-0.996 (zero-OV)
—— baseline

Cummulative Occurance (hours)

w

1=}

k=
L

0

1.045 . 1.055 1.060 —-1750 —1500 -1250 -1000 —750
pu kVAr

Only 9AM to 5PM daily hours for 365 days

Baseline case meansno power output from the proposed DER

Zero-DV power factor still sees over-woltage due to the operation of line voltage regulator
As power factor becomesmore inductive, so does the absorbed Q increase
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Histogram of Maximum line loading Histogram of Maximum line loading increase

OFFICIAL CO

Occurance (hours)
Occurance (hours)

|
W1 e e e O R

40 50 . . . 7.5 10.0 125
Cummulative Histogram Cummulative Histogram

Jun 15 2021

— PF=1.0

— | PF=-0.95

—— PF =-0.990 (zero-DV) — PF=-0.9

—— PF = -0.996 (zero-OV) ——  PF =-0.990 (zero-DV)
—— baseline 1 —— PF =-0.996 (zero-OV)

Cummulative Occurance (hours)
Cummulative Occurance (hours)

= = N

o =) o =3

1=} =3 =3 =3

k=3 =3 k= =3
!

50 70 80 . . X . . . 15.0 17.5
%

All power factor modes show similarincrease (~17%) to the maximum line loading
No over-loading is observed in this feeder due to the proposed DER
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VV Control Curves

— |IEEE1547-2018 Cat A 2% 2% 2%
IEEE1547-2018 Cat B - 1547 A 15478 V3=1.02 V3=1.03 V3=1.04
—— Duke 2% VoltVar (V3=1.02pu)

—— | Duke 2% VoltVar (V3=1.03pu)
—— Duke 2% VoltVar (V3=1.04pu)

OFFICIAL CO|

Max V_PCC (pu) 1.053 1.052 1.049 1.050 1.052

DER MWh 8472 8471 8466 8468 8472

DER MVArh -1862 -2956 -4831 -3614 -1869

5
2
o}
3
3
<
o

2
k5]
©
]

o

Max Tradeoff
MW 0.0 0.1 0.2 0.2 0.1

Jun 15 2021

Tradeoff MWh 0.3 1.6 7.1 4.4 0.8

Feeder Loss 268 268 268 268
MWh +174 +177 +175 +175

T T T Feeder Loss 2517 2517 2517 2517
Voltage (pu) MVArh +1557 +1617 +1591 +11566
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Histogram of DER PCC Voltage

S o

=3
=1

Occurance (hours)

N oW B U,
=3
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o
I

Cummulative Histogram

=3
=3
S

NN W
o u
S o
S o

o]
=3
o

Cummulative Occurance (hours)

o

—— IEEE1547-2018 Cat A

—— IEEE1547-2018 Cat B

—— Duke 2% VoltVar (V3=1.02pu)
—— Duke 2% VoltVar (V3=1.03pu)
—— Duke 2% VoltVar (V3=1.04pu)
—— baseline

1.045 1.055 1.060
pu

Volt-Var Control Mode (Continue)_;;

Occurance (hours)

Cummulative Occurance (hours)

Histogram of DER Qinv

NN
=]
S o
S o

500

04
-1750

-1500 -1250 -1000 =750 -500
Cummulative Histogram

w

1=}

k=
!

o
!

—— IEEE1547-2018 Caf A

—— IEEE1547-2018 Cqt B

—— Duke 2% VoltVar (V3=1.02pu)
—— Duke 2% VoltVar[(V3=1.03pu)
—— Duke 2% VoltVar (V3=1.04pu)
—— baseline

—1500 -1250 —1000 =750 -500 -250
kVAr

* Most options show lower number of over voltage hours as compared to power factor mode
+ Earlier voltage regulation (V3=1.02 or 1.03) helps mitigate over voltage violation
 Steeper volt-var slope helps mitigate over voltage violations (1547-B vs. 2%-V3=1.02)

OFFICIAL CO
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Histogram of Maximum line loading Histogram of Maximum line loading increase
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IEEE1547-2018 Cat A
IEEE1547-2018 Cat B
Duke 2% VoltVar (V3=1.02pu)
Duke 2% VoltVar (V3=1.03pu) Duke 2% VoltVar (V3=1.02pu)
Duke 2% VoltVar (V3=1.04pu) Duke 2% VoltVar (V3=1.03pu)
baseline Duke 2% VoltVar (V3=1.04pu)

1EEE1547-2018 Cat A
IEEE1547-2018 Cat B

Cummulative Occurance (hours)
=
)
S
S
L

Cummulative Occurance (hours)

=
o
=3
=3

50 70 . . X . . 15.0 17.5
%

Al options show similarincrease (~17%) to the maximum line loading
No over-loading is observed in this feeder due to the proposed DER
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WV Control Curves

OFFICIAL COff

Max V_PCC (pu) 1.050 1.053 1.052 1.055 1.056
DER MWh 8465 8470 8457 8472 8472

DER MVArh 2775 -1112 -1914 -344 -155

5
2
@
H
H

&
v

2
g
3
3

o

Max Tradeoff MW 0.2 0.1 0.3 0.0 0.0

Jun 15 2021

Tradeoff MWh 7.6 2.3 16.1 0.3 0.2

— PF=-0.95

IEEE1547-2018 Cat A 268 268 268 268
= le;?[5137\;\/2a()t:\?afat B Feeder Loss MWh +176 178 179 178
—— Zero-OV WattVar (OV=0.005pu)

0.0 02 0.4 06 i i Feeder Loss 2517 2517 2517 2517
Active Power (pu) MVArh +1596 +1587 +1615 +1578

» Watt-var is a non-linearversion of constant power factor control
+ With same Qmaxat full power, watt-var 1547-B results in lower total DER MVArh than that of
PF=-0.95 or PF=-0.9
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Histogram of DER PCC Voltage Histogram of DER Qinv

o
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— PF=-0.95

—— |EEE1547-2018 Cat A

—— IEEE1547-2018 Cat B

—— Zero-DV WattVar

—— Zero-OV WattVar (OV=0.005pu)
—— baseline

PF = -0.95

IEEE1547-2018 Cat A
IEEE1547-2018 Cat B

Zero-DV WattVar

Zero-OV WattVar (OV=0.005pu)

2R NN
o u o u
S © o o
S ©o o o

Cummulative Occurance (hours)
v
=)
1)
L

Cummulative Occurance (hours)

o
!

1.055 1.060 -1250 —1000 -250 0

Al options present over voltage hours in the simulated year
 Steeper watt-var slope and higher Q value help mitigate over voltage violations (as expected)
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Histogram of Maximum line loading Histogram of Maximum line loading increase
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Cummulative Histogram Cummulative Histogram
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—— IEEE1547-2018 Cat A
—— |EEE1547-2018 Cat B —— IEEE1547-2018 Cat A

—— Zero-DV WattVar —— IEEE1547-2018 Cat B

—— Zero-OV WattVar (OV=0.005pu) —— Zero-DV WattVar

—— baseline 1 —— Zero-OV WattVar (OV=0.005pu)

Cummulative Occurance (hours)
Cummulative Occurance (hours)

= = N
o =) o =3
1=} =3 =3 =3
k=3 =3 k= =3

! !

50 60 70 80 . . X . . 12.5 15.0 17.5
%

Al options show similarincrease (~17%) to the maximum line loading
No over-loading is observed in this feeder due to the proposed DER
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Constant PF Volt-Var Watt-Var

Histogram of DER PCC Voltage Histogram of DER PCC Voltage Histogram of DER PCC Voltage

1.045
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Occurance (hours)

1.045 1.050
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IEEE1547-2018 Cat A
IEEE1547-2018 Cat B |IEEE1547-2018 Cat A
Duke 2% VoltVar (V3=1.02pu) IEEE1547-2018 Cat B
Duke 2% VoltVar (V3=1.03pu) Zero-DV WattVar

Duke 2% VoltVar (V3=1.04pu) Zero-OV WattVar (OV=0.005pu)
baseline baseline baseline

Cummulative Occurance (hours)
Cummulative Occurance (hours)
Cummulative Occurance (hours)

1.055 1.055 1.060 1.055 1.060
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Constant PF Volt-Var Watt-Var

Histogram of Maximum feeder voltage increase Histogram of Maximum feeder voltage increase Histogram of Maximum feeder voltage increase
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PF=1.0 IEEE1547-2018 Cat A
PF =-0.95 IEEE1547-2018 Cat B —— IEEE1547-2018 Cat A

PF=-0.9 Duke 2% VoltVar (V3=1.02pu) — I|EEE1547-2018 Cat B

PF = -0.990 (zero-DV) Duke 2% VoltVar (V3=1.03pu) —— Zero-DV Wattvar

PF = -0.996 (zero-0V) 0 Duke 2% VoltVar (V3=1.04pu) — Zero-OV WattVar (OV=0.005pu)

-0.004  —-0.002 0.000 0.002 0.004 0.006 0.008 0.010 -0.004 -0.002 0.000 0.004 -0.002 0.004 0.006 0.008
pu pu

* Plots here show the maximum voltage increase on the feeder versus the baseline case
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More emphasis on higher voltage feeders so that less DER forces the overvoltage
Calculate P and Q responses
Consider a broader variety of controller types

= Limited controller setting variations: approximately 6 volt-var, 8 pf, 5 watt-var
= Continued use of volt-watt to backup the primary controller

Expand the attributes monitored during the study; to inform conclusions
Quasi-Static Time Series (QSTS) simulation using 8760 hourly load and solar profile
Compare monitored attributes across the feeders for the various controller types

= |nform policy development to guide application of DER voltage and reactive power controls, and

= Develop methods to a) provide a quick assessment of reactive power control effectiveness at a
potential UDER interconnection point, and b) indicate the most appropriate type of control

Final report February, presentation at the following TSRG

Second Study Overview:-
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Recent Methodology Improvements:-

Yukon capacitor control logic modeled for DEP
=  Provides more reasonable statistics of substation Q demand
Long term dynamic simulation methods
= Time dependency (sequencing) of each time step being modeled
= Next state dependent on last state, not initial state

Interaction and setting coordination between reactive power controlled DER on the same
feeder

Impact of voltage regulator (upstream to DERS) included in optimal control development
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Station regulator
interaction with DER
reactive power injection

DER without VR tap
changes resolves the
overvoltage

If conditions cause the
voltage at the VR to be
near the lower
bandwidth

Reactive injection
causes VR to raise taps

Typically causes
violation because
voltage limit harder to
maintain

Tap position (pu)

Feeder A
PF:PF=-0.995

—— DER PCC
VR Source Side

T — VR Load side

200 03-22 03 03-22 06

03-22 09 03-22 12 03-22 15

03-22 18

03-22 21

= DER Pout
== Feeder Load

N

DER Qout [

200 03-22 03 03-22 06

03-22 09 03-22 12 03-22 15

03-2218

03-2221

= phase A
phase B

J = phase C

-

-1.0 T T
03-22 00 03-22 03 03-22 06

03-22 09 03-22 12 03-22 15

Time

03-22 18

03-22 21

o

Reactive Power (kVAr)

VR + DER Case with Violation:-

O
O
-
<
o
L
L
O
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Same issue, different
outcome

Reactive injection still
causes VR to raise taps

There is enough margin
to voltage limit in this
case to absorb the rise

This unacceptable
operation is less
observable in the field

The DER and VR are
working against each
other; creating
unnecessary reactive
power flow

Tap position (pu)

Voltage (Volt

VR + DER Case without Violation:-

Feeder A

VV:V3=1.030pu, slope=2%, zero-OV

= DER PCC
VR Source Side

T — VR Load Side

-22 00 03-22 03

03-22 06 03-22 09 03-2212

03-2215

03-2218 03-22 21

= DER Pout
1 == Feeder Load

DER Qout |

N

200 03-22 03

03-22 06 03-22 09 03-22 12

03-2215

03-2218 03-22 21

—— phase A
phase B
| = phase C

-

-1.0 T
03-22 00 03-22 03

T
03-22 12
Time

T T
03-22 06 03-22 09

T
03-22 15

T T
03-22 18 03-22 21

Power (kVAr)

ve

React

O
O
-
<
o
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Refined Objective:

Use DER reactive power to
maintain voltage below limit
with no VR tap increases

Use a 3-day response to
initialize the tap position and
evaluate interaction

Unknown if balanced solutions
can be found for each location

Coordinated VR + DER Case:-
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Feeder B Characterization Table Substation

Feeder peak load 2.51 MW (PF = 0.966)

Two existing PV (5.5MW each)
One proposed PV (5.0MW, 5.25MVA)

Short Circuit Capacity 231 MVA @ Sub (secondary), 153MVA @ PCC
Z REG (pu @ IMVA) 0.0002 +0.0043

Z PCC (pu @ 1IMVA) 0.0008 +j0.0065

Z PCC2REG (pu @ 1IMVA) 0.0006 +0.0022 (= Z_PCC - Z_REG)

AV_Full (pu) 0.0033

aV [ oP (puV / MVAr) 0.00066 ( = AV_Full / Rated_P)

AV 1 Q (puV / MVAr) 0.0071

Regulator Control Setting Vref =124V, BW = 2V
AV_Other_PCC2REG_Max (pu) 0.0139

Connected DERs

« Values in this table are used to determine the settings for the reactive power controls PF=-0.99  PF=-0.98
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Constant PF Volt-Var Watt-Var

|
o
N
=)

3
o
=
9]
2
o
O
]
>
=1
1%
©
Q
o

Reactive Power (pu)
Reactive Power (pu)

|
o
N
o

IEEE1547-2018 Cat A
IEEE1547-2018 Cat B —— |EEE1547-2018 Cat A

—— V3=1.040pu, slope=2% IEEE1547-2018 Cat B
-0.996, zero-DV —— V3=1.044pu, slope=1%, zero-DV —— P2=0%, Q3=-9%, zero-DV
=-0.911, zero-OV 1 — V3=1.030pu, slope=2%, zero-OV —— P2=0%, Q3=-31%, zero-OV

02 0.4 06 . : 1.00 1.02 1.04 1.06 1.08 g 0.0 02 0.4 0.6
Active Power (pu) Voltage (pu) Active Power (pu)

« zero-OV options are more aggressive than zero-DV options to correct the voltage rise from existing DERs
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Page 37 Histogram of PCC Voltage in One Year

Constant PF Volt-Var

Emm VV:IEEE1547-2018 Cat A V: IEEE1547-2018 Cat A

e VV: IEEE1547-2018 Cat B V: IEEE1547-2018 Cat B

W \V: V3=1.040pu, slope=2% V: P2=0%, Q3=-9%, zero-DV
Emm VV:V3=1.046pu, slope=1%, zero-DV V: P2=0%, Q3=-31%, zero-OV
W VV: V3=1.030pu, slope=2%, zero-OV

m
3
3
Occurance (hours)

Occurance (hours)
Occurance (hours)

0
1.040 1.045 1.050 1.040 1.045 1.050

Cummulative Histogram Cummulative Histogram Cummulative Histogram
¥

Cummulative Occurance (hours)
Cummulative Occurance (hours)
Cummulative Occurance (hours)

0 0

|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
.0

1.055 1.060 1.030 1.035 1.040 1.045 1
pu

« All control options are clustered due to proximity of PCC to the voltage regulator
» Zero-OV options work well as they considers the impact of voltage regulator

50 1.055 1.060 1.030 1.035
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Page 38 Long Term Dynamic Simulation (Unity PF Mode)

Feeder B OV violation
PF:=-1.00

,__ \?FEZZEEe Side ~T o\ 5 ( fl\ /V\

F—— VR Load Side W\u\/\\;\——

500 03-2512 03-26 00 03-26 12 03-27 00 03-27 12 03-28 00 03-28 12 03-29 00 03-29 12

—— DER Pout DER Qout
== Feeder Load

~ ~

N -~ ——

=
=3
=
@
2
o
o
©
33
<

Reactive Power (kVAr)

03-2512 03-26 00 03-26 12 03-27 00 03-27 12 03-28 00 03-28 12 03-29 00 03-29 12

— phase B

0.

Tap position (pu)

03-25 00 03-25 12 03-26 00 03-26 12 03-27 00 03-27 12 03-28 00 03-28 12 03-29 00 03-29 12
Time

« Five-day (two cloudy and three sunny days) time series simulation
« With unity power factor, DER PCC voltage gets higher than the 105% threshold (i.e., 126V)
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Feeder B
VV:V3=1.030pu, slope=2%, zero-OV

DER PCC
VR Source Side Vs \ /TN UL\ S\

mismgsge ———WT T\ LN LN

03-2512 03-26 00 03-26 12 03-27 00 03-27 12 03-28 00 03-28 12 03-29 00 03-29 12

DER Pout
Feeder Load

DER Qout |

~<“~~_—’ ; ~~_\ -h—_—’) 5___\:—~~_ - :’ -___

03-2512 03-26 00 03-26 12 03-27 00 03-27 12 03-28 00 03-28 12 03-29 00 03-29 12

N
o
S
S
L

=
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=
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Reactive Power (kVAr)

— phase B

0.

Tap position (pu)

03-25 00 03—2I5 12 03-2I6 00 03-2I6 12 03—2I7 00 03-2I7 12 03-2I8 00 03—2I8 12 03—2I9 00 03-2I9 12
Time
« With the selected Volt-Var control, PCC voltage is always lower than the 105% threshold
« Additional over-voltage margin is required to cover the worst case when VR terminal voltage reaches the top of
the BW, 125V, for excursions within the 60 minute time step, and for unanalyzed worse operating conditions
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etailed Summary Tables of All Evaluated Control Options

PF PF w w W [ sr omsou | vt osoeu wy wy wy wy
=0.996, zero-  =-0.911, zero- |EEE1547-2018|EEE1547-2018( V3=1.040pu, | ¥ o > P | V2 P \igee1547-2018)IEEE1547-2018) P2=0%, Q3= | P2=0%, Q3=-
DV ov CatA catB oy | ey CatA CatB | 9% zero-DV |31%,zero-OV

1.052 1.051 1.053 1.05

slope=2%
Max V_PCC (pu) 1.054 1.051 1.052 1.051 1.051 1.054 1.051
hours_(Vpcc>1.05) 507 103 379 148 208 446 0 591 45 507 179
min_Vpcc 1.033 1.033 1.033 1.033 1.033 1.033 1.033 1.033 1.033 1.033 1.033
hours_(Vpcc<0.95) 0 0 0 0 0 0 0 0 0 0
hours_(Volt-Watt ON) 0 0 0 0 0 0 0 0 0 0
max_Vinv
hours_(Vinv>1.05) 532
min_Vinv
hours_(Vinv<0.95)
max_Vfdr
hours_(Vfdr>1.05)
min_Vfdr
hours_(Vfdr<0.95)
max_sub_kW
min_sub_kwW
max_sub_MVAr
min_sub_MVAr
max_sub_Amps
max_fdr_loading (%)
hours_(fdr_loading>100%)
DER MWh
DER MVArh
total_INV_MWh
total_INV_MVArh
Max Increased_INV_Loss kW *
Increased_INV_Loss MWh
Max Tradeoff kW
Tradeoff MWh
max_fdr_loss_kW 457
Feeder Loss MWh 502
max_fdr_loss_kVAr 2869
Feeder Loss MVArh 3161

304 116 532

* Assuming 1% conduction loss for DER inverter

* This table is used to compare and select the optimal control options
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PF PF A% W W Wv Wv

=-0.996, zero- | =-0.911, zero- | V3=1.040pu, | V>~ 1-046PU, | V3=1.030py, | o) 50/ '0a | pr=0%, Q3=-

= 0, = 0,
DV ov slope=2% | SioPe=1%, | slope=2%, | o0 " DV |31%, zero-ov
zero-DV zero-OV

Max V_PCC (pu) 1.054 1.051 1.051 1.052 1.051 & 1.054 1.051
hours_(Vpcc>1.05) 507 103 208 446 o ¥ 507 179
DER MWh 9114 9096 9112 9114 9096 ¥ 9114 9094
DER MVArh -846 -3744 -1045 -435 38224 -847 -2844
Max Increased_INV_Loss kW 4 1 1 4 * 3
Increased_INV_Loss MWh 8 1 0 7 4 4
Max Tradeoff kW 25 11 167 #
Tradeoff MWh 19 2 1 18 4 20
Feeder Loss MWh 519 #
Feeder Loss MVArh 3226

« Although different control options result in different levels of DER reactive power absorption
(i.e., “DER MVArh”), the impact to DER energy yield (i.e., “Tradeoff MWh”) and feeder losses
(i.e., “Feeder Loss MWh” and “Feeder Loss MVArh”) is limited
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Metrics

= Site specific (fixed)
Rated Pgen, Qgen at PCC
and inverter
SCC at Station, PCC

X, from PCC back to
source

R, from PCC back to
source

PCC Voltage, Basecase
(P=Q=0)

PCC Voltage, Initial
(P=Prated, Q=0)

Min load kva/Peak load
kva

Feeder head power flow,
kW and kVAR

AVIAP (Presp, derivative
of voltage variation to real
power injection)

AV/AQ (Qresp, derivative
of voltage variation to
reactive power injection)

Qresp/Presp =
(dVv/dQ) / (dV/dP)
AV/APrated (total voltage

change at rated active
power)

AV/AQrated (total voltage
change at rated reactive
power)

= Controller specific

Overvoltage Magnitude,
PCC, Feeder, Inverter (V)

Overvoltage Occurrences,
PCC, Feeder, Inverter

Feeder Active Power Max,
Min (kW)

Feeder Reactive Power,
Max, Min (kVAR)

Total MWh, MVARN, at
PCC, Inverter

Tradeoff MW, MWh
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Disclaimer

This report was prepared by Navigant Consulting, Inc., n/k/a Guidehouse Inc. (“Navigant”), for Duke 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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Executive Summary

The North Carolina Utilities Commission (NCUC) tasked Duke to evaluate the software-based controls of
advanced inverters according to the IEEE 1547-2018 standard. This report is an initial study that evaluates
voltage-reactive power and voltage-active power control functions for six different feeders. In IEEE 1547
2018 these functions are better known as Volt-Var and Volt Watt capabilities of the smart inverter. The
study analyzed multiple distributed Volt-Var and Volt-Watt control settings for the inverters and the
mitigation necessary for higher DER penetration levels. As directed by the Commission, Duke also
leveraged the Technical Standards Working Group (TSRG) to begin a collaborative stakeholder process
for analyzing smart inverter control functionalities consistent with IEEE 1547-2018.

The study included industry benchmarking and technical modeling. The industry scan helped Duke
understand current practices to inform what technical studies could best assess the IEEE 1547-2018
functionality. This formed the basis for an initial study to evaluate voltage-reactive power and voltage-active
power control functions for multiple inverter-based distributed energy resources on six different feeders.
The study evaluated multiple distributed voltage-reactive (Volt-Var) and active power (Volt-Watt) control
settings for the inverters and identified how to enable inverter reactive power and active power-based
voltage control for DER integration.

The results of the industry benchmarking are summarized as follows:

e Benchmarked utilities include Xcel Energy (Minnesota), Ameren (lllinois), National Grid
(Massachusetts) and Dominion Energy (South Carolina). Most of the utilities acknowledged that ride-
through requirements should be implemented. Xcel Energy and Ameren prioritized ride-through and
voltage — reactive functionalities as the highest priority. National Grid implemented an interim solution
by adapting to California Rule 21 and Hawaii standards. PJM suggested that the local distribution
companies set the requirements. Pilot studies conducted by various utilities verified Volt-Var and Volt-
Watt functionalities.

¢ Volt-Var pilot studies conducted by utilities with high penetration of DER indicated that curtailment of
customer generation was minimal when Volt-Var and Volt-Watt functions were activated. Key
observations from these studies were that Volt-Watt functionality, when combined with constant power
factor (CPF) and Volt-Var control, relies on voltage regulation from CPF and Volt-Var control before it
reduces power output to protect against voltage excursions. Deadband’ plays an important role in
reactive power absorption and response time?2 plays an important role in the number of transformer
load tap changer (LTC) operations. For effective Volt-Var control coordination, automated capacitor
control is needed. Most studies indicated that due to the increase in reactive power demand across the
system, Bulk Power System (BPS) impacts should also be evaluated where there is significant Volt-
Var control capability.

e The North America Electric Reliability Corporation (NERC) published reliability guidelines for the BPS
offering a perspective on the adoption of IEEE 1547-2018. “The timely adoption and implementation of
IEEE 1547-2018 for DER connected to the distribution system across North America is strongly
encouraged. The specifications for DER in IEEE 1547-2018 include performance capability categories
and allowable ranges of functional settings, which provide flexibility to align with specific system needs.
However, these flexibilities require coordination between distribution and transmission entities for
effective adoption®”. The guidelines indicate that any deviation from the category assignments and

" Deadband constitutes a range of input values in a control system where the output is zero. Deadband regions are used in control
systems to prevent oscillation or repeated activation-deactivation cycles.

2 Also referred to as “slope”.
3 Reliability Guideline, Bulk Power System Reliability Perspectives on the Adoption of IEEE 1547-2018, December 2019.
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settings, should be communicated to the location’s Reliability Coordinator (RC) to ensure the DER are
accurately modeled in reliability studies.

Secondly, Volt-Var studies were carried out on six representative feeders, three feeders on the Duke
Energy (DEC) system and three feeders studied on the Duke Energy Progress (DEP) system. The studies
on Feeders A, C, D indicated that, although Volt-Var control significantly improves voltages, it cannot be
used on a stand-alone basis to mitigate voltage issues under all loading conditions and all penetrating
levels. Studies indicate a 2% Volt-Var controller from 1.04-1.06 per unit (pu) can reduce certain overvoltage
conditions but may not fully eliminate the issue by itself., For higher DER penetration level Volt-Var control
with a lower slope, that provides a more pronounced voltage change, could be a solution and would benefit
from further study. These configurations must be studied further to rule out any adverse impacts from
excessive reactive power consumption.

Furthermore, in this study we analyzed the use of Volt-Watt as a secondary controller to Volt-Var. Duke’s
studies indicated that a 2% Volt-Var control, from 1.04-1.06 pu, in combination with a Volt-Watt controller
could better manage high levels of DER penetration. As seen in the cases studied, a Volt-Watt controller
would have an impact on voltage only when the voltages are close to the higher bound in the 3% voltage
range (1.06-1.09 pu). At its lower bound, the active power reduction appears minimal; therefore, may not
impact voltages significantly. Thus, at high levels of DER penetration, a Volt-Watt controller with the lower
bound shifted left to 1.05 pu voltage could improve the voltages. Duke will continue to analyze Volt-Var and
Volt-Watt joint controller.

Lastly, more analysis of the substation and line regulator settings with time series power flow studies are
necessary. The benchmarking studies highlight the importance of system impedance or the X/R ratio at
the point of interconnection. X/R ratio is a critical characteristic that determines the effectiveness of
voltage and reactive power control on a feeder. This was confirmed in the Duke study in that DER located
near the end of the feeder causes the most voltage rise, and thus requires the most aggressive voltage
control or mitigation strategy.

Greater detail is provided in the study results captured below. Section 1 of this report introduces the need
for Duke to conduct the study along with results from industry benchmarking. Section 1 also touches on the
current status of IEE 1547 as of this filing. A more detailed benchmarking of Volt-Var activity in California
and Idaho is presented in Section 1, along with NERC guidance related to IEEE 1547. Section 2 describes
how the models were developed, the study methodology, the approach to modelling and important model
assumptions. Section 2 additionally provides geographical and electrical overviews of each of the six
feeders analyzed in the study. Most importantly, Section 2 captures the results of each study conducted for
the six feeders identified as case studies. Finally, Sections 3 and 4 provide a summary conclusion of study
results, and recommendations and next steps for implementing IEEE 1547-2018 on the Duke system.
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1. Introduction

The North Carolina Utilities Commission (NCUC) tasked Duke to evaluate the software-based controls of
advanced inverters according to the IEEE 1547-2018 standard. This report evaluates the use of
autonomous voltage-reactive power (IEEE 1547-2018 section 5.3) and voltage-active power (IEEE 1547-
2018 section 5.4.2) control functions for multiple inverter-based DER connected to the same feeder. This
initial study was conducted on six feeders to understand how these controls impact feeder voltages and
reactive power absorption at the feeder level. The study also evaluated multiple control setpoints and
identified the benefits and disadvantages of Volt-Var and Volt-Watt advanced control setting options.
Furthermore, the study considered reactive power mitigation at substation and the feeder head to minimize
the impact on the transmission system to meet transmission system voltage and reactive power
requirements. As direct by the NCUC, Duke began a stakeholder process to consider the IEEE 1547-2018
“...technical standards that could allow for higher penetrations of DER on the distribution grid...” In addition,
to understand the practices on implementing the IEEE 1547-2018 a benchmarking of the industry is
included in Section 1.1.

1.1 Benchmarking

1.1.1 Industry Status of IEEE 1547 2018 and Practices of Utilities

The IEEE 1547-2018 DER specifications include performance capability categories and allowable ranges
of functional settings to align with specific system needs. Utility benchmarking focused on understanding
the prioritization and implementation of the standard functionalities is surveyed and summarized in this
section.

Industry Status of IEEE 1547 - The |IEEE Standard 1547-2018, /EEE Standard for Interconnection and
Interoperability of Distributed Energy Resources with Associated Electric Power Systems Interfaces, was
published in April 2018. This standard requires DER to have new grid-support functionalities and
interoperability features. The IEEE Standard 1547.1-2020, Standard Conformance Test Procedures for
Equipment Interconnecting Distributed Energy Resources with Electric Power Systems and Associated
Interfaces was approved by IEEE Standards Association Standards Board (IEEE SASB) in March 2020
and is yet to be published (expected June 2020). 1547.1-2020 defines the conformance test procedures
for DER systems that are required to be compliant with IEEE 1547-2018.Thus the two standards
complement each other.

After the publication of IEEE 1547.1-2020, Underwriters Laboratories (UL) is expected to update its product
certification standard UL 1741, Inverters, Converters, Controllers and Interconnection System Equipment
for Use with Distributed Energy Resources, to which all DER equipment must be tested and certified as UL
compliant. The UL 1741 update is expected to be completed in late 2020 or early 2021 depending on
Underwriters Laboratory timelines. Once Underwriters Laboratory is complete with its certification work,
then the Nationally Recognized testing Laboratories (NRTL) will be able to test and certify DER equipment
as IEEE 1547 compliant. Given the timeline provided above, we would expect to see UL 1741 listed and
IEEE 1547-2018 compliant DER equipment being available on market in late 2021.

Minnesota became the first state* to integrate some functionalities of the updated IEEE Standard 1547-
2018 into its interconnection regulations. The Minnesota Public Service Commission (MPSC) adopted new
technical standards document, known as the Technical Interconnection and Interoperability Requirements

4 https://www.utilitydive.com/news/minnesota-pioneers-integration-of-new-interconnection-standard-expected-to/56 8560/
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(THR)S. THIR addressed an array of technical settings and functionalities that DER must have when
connecting to the grid. The MPSC’s January 22, 2020 Order required utilities to reconvene the Distributed
Generation Workgroup (DWG) to draft a guidance document. This guidance document is required to clarify
the TIIR interim provisions for inverter-based systems (IBS) until newly certified equipment is available®.
Based on the TIIR document, interim guidance” and the DWG proceedings, the prioritization and
implementation of IEEE 1547-2018 functionalities by the utilities is interpreted and included in Appendix
Table B.1. The TIIR specifies that for voltage and reactive control the DER should be installed with constant
power factor mode enabled and with 0.98 power factor, absorbing reactive power. For voltage and reactive
power control a set of default settings were specified.

Ameren, lllinois operates as a Local Balancing Authority in Midcontinent Independent System Operator
(MISO). MISO provided guidelines® on the IEEE 1547-2018 functionalities that impact transmission system
reliability. MISO indicated in the guideline the functionalities that are “strongly recommended” and
‘recommended” which were interpreted to rank the functionality implementation. MISO’s guideline strongly
recommended voltage and reactive power controls along with frequency and voltage disturbance ride-
through for implementation by Ameren and other utilities in its jurisdiction. The prioritization matrix for
Ameren based on MISO guideline is included in Appendix Table B.1.

National Grid and ISO-New England (ISO-NE) with the help of the Massachusetts Technical Standards
Review Group (TSRG) developed the Source Requirement Document® (SRD) as an interim solution before
implementing the complete IEEE 1547-2018 requirements. The SRD included guidance on voltage and
frequency trip settings and laid out the following requirements applicable to DER. All applicable inverter-
based resources shall:

e be certified per the requirements of UL 1741 SA with either CA Rule 21 or Hawai’ian Rule 14H as the
SRD

e have the voltage and frequency trip settings as specified in the SRD developed by ISO-NE and National
Grid

¢ have the ride-through capability per abnormal performance category Il of IEEE 1547-2018 and includes
additional performance requirements

e comply with status of other grid support utility interactive inverter functions

In addition, National Grid implemented changes to Electric System Bulletin 756 (ESB 756)'° which has the
requirements for parallel generation connected to National Grid owned Electric Power System (EPS). The
key changes implemented to Appendix C of the ESB 756 are:

e National Grid may specify values within the allowable ranges of IEEE 1547, subject to the limitations
on voltage and frequency trip settings, specified by the Reliability Coordinator (RC) that consider bulk
power system impacts of affected aggregate DER capacity. Where Regional ISO voltage and frequency
requirements apply, the Interconnection Customer (IC) shall refer to the Company’s ESB 756 Appendix

5 https://mn.gov/puc/assets/TIIR _tcm14-418483.pdf

6 https://mn.gov/puc/assets/DRAFT%2016-521%20SLIDES%20for%20TSG%20Mtg%200n%20Interim%20Guidance %201-24-
20_tcm14-421174.pdf

7 https://mn.gov/puc/assets/MREA%20--%20Proposed%20MN %20Implemetation%20Addendum%20v2%20011920 tcm14-
421175.pdf
8 https://cdn.misoenergy.org/MISO%20Guideline%20for%20IEEE%20Std%201547388042.pdf

9 https://www9.nationalgridus.com/non_html/ISO%20New%20England%20Source%20Requirement%20Document-2018-02-06.pdf

10 https://www9.nationalgridus.com/non_html/shared _constr_esb756.pdf

OFFICIAL COPY

Jun 15 2021


https://mn.gov/puc/assets/TIIR_tcm14-418483.pdf
https://mn.gov/puc/assets/DRAFT%2016-521%20SLIDES%20for%20TSG%20Mtg%20on%20Interim%20Guidance%201-24-20_tcm14-421174.pdf
https://mn.gov/puc/assets/DRAFT%2016-521%20SLIDES%20for%20TSG%20Mtg%20on%20Interim%20Guidance%201-24-20_tcm14-421174.pdf
https://mn.gov/puc/assets/MREA%20--%20Proposed%20MN%20Implemetation%20Addendum%20v2%20011920_tcm14-421175.pdf
https://mn.gov/puc/assets/MREA%20--%20Proposed%20MN%20Implemetation%20Addendum%20v2%20011920_tcm14-421175.pdf
https://cdn.misoenergy.org/MISO%20Guideline%20for%20IEEE%20Std%201547388042.pdf
https://www9.nationalgridus.com/non_html/ISO%20New%20England%20Source%20Requirement%20Document-2018-02-06.pdf
https://www9.nationalgridus.com/non_html/shared_constr_esb756.pdf

Jennings Exhibit No. 11
Docket No. E-2, Sub 1276

Impact of Enabling Inverter Based Resource
Reactive Power Controls

A for specific requirements related to North American Electric Reliability Corporation (NERC) Protection
and Control (PRC) standards.

For fault current, short circuit protection, and relay settings, current values are based on the full volt-
Ampere (VA) nameplate rating of the equipment, which may be greater than the kW rating of the
equipment.

If two utility grade relays are used to provide the required functions for sufficient redundancy, the failure
of both relays, being out of service shall trip the interrupting device.

Incorporated IEEE 1547-2018 widening of trip settings for voltage and frequency and require Category
Il inverters for consistency.

Incorporated IEEE 1547-2018 for voltage and frequency ride through trip requirements complying with
ISO-NE’s Source Requirement Document (SRD) document.

The DER shall not connect or return to service following a trip (including any ground fault current
sources) until five minutes of healthy utility voltage and frequency are detected.

Dominion Energy, in the PJM Utility Members Working Group'', acknowledged that there are several new
additions to IEEE 1547-2018 including requirements to have ride-through capabilities on all DER. The PJM
group, including Dominion, concluded that “every EDC (Electric Distribution Companies) electric distribution
system is different, in term of need, size, stiffness and possibly statutory requirements, thus impacting
operating practices”.

1.1.2 Benchmarking of Volt-Var Functionalities

Based on publicly available information Navigant benchmarked pilot studies conducted by various utilities
to implement the IEEE 1547-2018 standard. Table 1.1 summarizes the studies that were conducted by
utilities while testing smart inverter functionalities for voltage regulation capabilities. The following are the
key takeaways from the studies:

Southern California Edison (SCE) - Inverters linearly absorb vars more than the specified dQ/dV
gradient during voltage ramp up, but during ramp down the inverters provided vars as per specified
dQ/dV gradient. The inverters there provide var support after voltage drops below 98% and draws vars
after voltage goes above 102% of nominal voltage.

San Diego Gas and Electric (SDG&E) study evaluated six different constant power factor settings,
three leading and three lagging, and three different Volt-Var curves to quantify the impact on feeder
voltage. The results from the study indicated that constant power factor setting of 0.85 resulted in
voltage change of just over 1% on the primary. This voltage change from a localized 700 kW of
controllable PV was comparable to the voltage impact of the 1,200 kVAR switched capacitor at the
substation. Voltage range was reduced by up to 11% and the standard deviation in voltages was
reduced by up to 23%. With reactive power priority, the impact to the voltage profile could be greater.

Pacific Gas and Electric conclusions from the pilot study are that smart inverters with Volt-Watt/Volt-
Var controls resulted in fewer voltage violations. Volt-Var curve sets with greater reactive power
absorption had a larger effect on secondary voltage reduction. Optimal performance and configuration
require further testing and development to ensure that manufacturers comply with standards and smart
inverter certification procedures. Individual smart inverters occasionally reported incorrect curve
settings, largely due to synchronization and command verification issues. Curtailment of customer
generation due to activation of Volt-Var and Volt-Watt functions was minimal.

" https://www.pjm.com/-/media/committees-groups/task-forces/derrttf/20190115/20190115-item-06-dominion-presentation-at-pjm-
der-ridethrough.ashx
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e Idaho Power tailored Volt-Var to balance reactive power absorption with LTC operations. The study
applied several pre-defined settings and performed simulation using Open DSS to examine system
impacts on minimum and maximum voltage and maximum delta voltage, reactive power at the point of
interconnection, substation and coordination with capacitors, and LTC operations. The study results
indicate that some inverters ignore volt-var curves at “high” voltage. Deadband plays an important role
in reactive power absorption and response time plays an important role in the number of LTC
operations. For effective Volt-Var control coordination automated capacitor control is needed.

Table 1.1. Summary of pilot Studies

Subcategory PG&E SCE

Constant Power Factor Mode YES YES YES YES
Voltage-Reactive Power (Volt-Var) YES YES YES YES
Active Power — Reactive Power (Watt-var or P-Q) NO NO NO NO
Constant Reactive Power NO NO NO NO
Voltage Active Power (Volt-Watt) YES YES YES YES

1.1.3 NERC Bulk Power System Guidance

In December 2019, NERC published the Bulk Power System Reliability Perspectives on the Adoption of
IEEE 1547-2018. The NERC guidelines offered NERC’s perspective on the adoption of IEEE 1547-2018,
stating, “...[tlhe timely adoption and implementation of IEEE 1547-2018 for DER connected to the
distribution system across North America is strongly encouraged. The specifications for DER in IEEE 1547-
2018 include performance capability categories and allowable ranges of functional settings, which provide
flexibility to align with specific system needs'?”. NERC also states that IEEE 1547-2018 is intended to apply
only to distribution system connected DER and is generally not suited for higher voltage interconnections
(i.e., resources connecting to the sub transmission or transmission systems). The reliability guideline
encouraged the timely adoption and implementation of IEEE 1547-2018 for DER connected to the
distribution system across North America. NERC highlights the need for coordination between distribution
and transmission entities to effectively implement the standard.

The guidelines identify reactive power-voltage regulation during normal operations, abnormal voltage and
frequency ride-through performance categories, regional voltage and frequency regulation settings, and
communication protocols for RC coordination. Abnormal performance category assignment and
specification of regional settings for any active power-related functions (e.g., frequency-droop and voltage-
active power) should be coordinated with the RC. The RC should be informed of any deviation from the
category assignments and settings to ensure that DER are accurately modeled in reliability studies.

12 Reliability Guideline, Bulk Power System Reliability Perspectives on the Adoption of IEEE 1547-2018, December 2019.
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2. Model Development and Study Methodology

Voltage management refers to control of voltage and reactive power levels on a distribution feeder or group
of feeders for the purpose of maintaining system voltage within permissible operating limits (usually +/-5%
of 1 per unit). The standard functionality of smart inverters with IEEE 1547-2018 standard includes the
capability to participate in voltage management via active and reactive power control. Some of the inverter
modes that can be modeled according to IEEE 1547-2018 include the following voltage management
modes:

e Voltage - Reactive Power (Volt-Var)

e Active Power — Reactive Power (watt-var)
e Voltage-Active Power (Volt-Watt)

o Fixed Power Factor

The study methodology evaluates the performance and impact of inverters with the control modes above
enabled under various setpoints configurations and feeder conditions. The modeling approach and
assumptions are stated in the section below.

2.1 Modeling Approach and Assumptions

This study focuses on the smart inverter IEEE 1547 2018 functions for active and reactive power control to
test and demonstrate useful autonomous control modes and settings. These control modes monitor voltage
at the point of common coupling (PCC) and manage active and reactive power output of the DER. The goal
of the study is to evaluate the impact of Volt-Var, Volt-Watt and watt-var control for large utility scale DER
(> 1 MW) on distribution system voltage. Feeders were selected that represented a variety of topologies,
including existing generation, capacitor bank locations, location of line voltage regulators (LVRs), and LTCs.
Representative feeders under study were identified based on Duke operating and design experience and
stakeholder comments in the January 21, 2020 TSRG meeting. The table below summarizes the cases
selected for the Volt-Var study.

Table 2.1. Cases selected for the Volt-Var study

DEC feeders DEP feeders

Feeder A Feeder B Feeder C Feeder D Feeder E Feeder F
LTC or Bank regulator No Yes No No Yes No
Feeder head regulator Yes No Yes No No Yes
Line regulator No No Yes Yes No Yes
Line Capacitor Yes Yes No No No No
Existing generation (KVA) 336 No No 10000 No No
peak load (KVA) 13736 6739 7054 7104 5627 6679

There is at least one feeder with each type of voltage regulator. A heuristic method was used to segment
the test feeders into different sections based on the feeder strength at different locations along the feeder
and X/R ratio. The effectiveness of Volt-Var, Volt-Watt and watt-var control for large utility scale DER
(> 1 MW) was evaluated's.

3 CYME version 8.2 was used to conduct the analysis.

10
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2.1.1 Base Case Modeling

Duke’s distribution models were used to conduct the studies to evaluate a range of DER control functions.
A total of six feeders were evaluated, three in each system that is DEP and there in DEC respectively. The
feeders selected were chosen in areas where DER interconnections are more active and with a variety of
feeder voltage control devices. The studies were conducted at two load levels, off-peak load (minimum)
and shoulder load. The off-peak load case was expected to have the highest voltage and require the most
reactive power absorption by the DER. To test this assumption, the shoulder load case was also checked.
The next highest load was expected to be shoulder load and then peak load, but those cases were not
expected to create high voltage in all but the most unusual cases. The base case modeled existing DER at
unity power factor (UPF) only.

These base cases contained existing loads, controls for switched devices (e.g. capacitor banks and voltage
regulators), power factor, and pu voltage. This set a clear baseline to compare the current performance of
the feeder with that after adding DER with the advanced inverter controls enabled.

A critical aspect of evaluating the performance of advanced inverter controls with respect to Volt-Var
evaluation is accurate feeder loading and resource profiles. For this study loading conditions extracted from
the 15-minute real and reactive power interval data were used in the analysis. To capture the impact on
feeder voltages, off peak and shoulder cases were analyzed for the six feeders to demonstrate DER control
performance variations. Feeder B, which had a bank regulator with a high resistive drop compensation,
was also evaluated for system peak load conditions.

In order to test the controllers, voltage must exceed the controller settings so that it signals the inverter to
provide compensation. Therefore, generation was added along the feeders, and especially at the end, in
such a way as the voltage was pushed above 1.05 pu. In most cases, a 2 MW DER was used as the test
configuration. If more than 2 MW of active power injection was required to increase the voltage, then
additional 2 MW units or a 5 MW unit was added at that location. Each 2 MW or 5 MW DER has a +/- 0.9
power factor (pf) capability, therefore it is rated 2.22 MVA and 5.55 MVA respectively. This method is
common and electrically equivalent to a single larger MW site, but without the additional modeling of
multiple unique DER sizes. The DER is connected to the feeder with a single step-up transformer with a
%Z = 5.75 and an X/R ratio of 8.24. A 0.9 power factor was chosen based on IEEE 1547-2018 normal
performance Category B. Because 0.95 power factor is also a common power factor rating, that was also
monitored.

2.2 Study Methodology

To evaluate the performance several smart inverters with active power, reactive power, and voltage control
schemes enabled, the capacity was deployed to each feeder until voltage violations were observed and
thermal loading were within reason. Power flow principles and electrical parameters like system strength
and electrical impedance between smart inverters and the substation dictate how the voltage will vary.
Based on this, the generation was sited in such locations where maximum voltage change would be
observed by adding DER. Such locations were chosen by considering low short circuit MVA and low X/R
ratio. As stated by Chalmers University of Technology' evaluating electrical limiting factors for wind energy
installations, “If the grid is mainly resistive (X/R-ratio low) then the magnitude of the voltage depends mainly
on the active power and if the grid is mainly inductive (X/R ratio high) it depends mainly on the reactive
power. If the grid is strong (higher Short Circuit MVA/stiffness factor) the voltage is not much affected by
power produced”. In general distribution feeder and system strength is characterized by short circuit MVA.

“Lundeberg, S. (2000). Electrical limiting factors for wind energy installations. Chalmers University of Technology,
Gothenburg, Sweden
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Thus, both feeder strength and short circuit MVA magnitude decrease as the DER location moves further
away from the substation. These interactions were considered during the study.

To evaluate the impact of active and reactive power injections and the relationship with feeder
characteristics, change in voltage with respect to change in reactive power (dV/dQ) and change in voltage
with respect to change in active power (dV/dP) impact response curves were developed for each feeder.
These response curves for DER located at different points along the feeder served as heuristics to indicate
whether real or reactive power control is more effective at managing feeder voltage, determine the
effectiveness of each control, and assess which control configurations may be more effective.

Multiple control methods and control setpoints were considered during the study. The most common Volt-
Var and Volt-Watt control settings used across all the feeders are shown in Figure 2.0.

Figure 2.0 Most Common Control Settings

2.3 DER Volt-Var Power Flow Results

The study was carried out on the six feeders listed in Table 2.1, three each on the DEC and DEP system
respectively. Feeders A, B, and C (analyzed in Section 2.3.1 to section 2.3.3) summarize the studies on
the feeders on the DEC system. Feeders D, E, and F (Section 2.3.4 to 2.3.6) summarize the studies on
the feeders on the DEP system. It should be noted too that Feeders A and D were performed first
chronologically, so those two feeders have many more permutations of control options than the others.
Based on the results of the first two feeders, fewer control options were reviewed for the remaining feeders.

2.3.1 Feeder A overview

The feeder layout is shown in Figure 2.1. A large portion of the feeder backbone consists of 2 AWG
conductor. The feeder has 3 cap banks (highlighted with blue markers in Figure 2.1) with two capacitor
banks rated 900 kVAR each, and the capacitor just north of the substation is also connected to the
backbone and is rated 600kVAR. The feeder currently has 336 kW of existing DER generation (highlighted
with cyan marker in Figure 2.1). The feeder also models a station regulator with a 121 Volt setpoint.
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To evaluate active and reactive power controls, Feeder A was modeled with a total of 10 MW of DER with
smart inverter capability (highlighted with green markers in Figure 2.1) to push end of line voltages above
1.05 pu. Additional DER are added at specific locations to cover the length of the feeder and where
maximum voltage change is expected.

Figure 2.1. Feeder A layout

Table 2.2. Feeder Generation Modeling

Existing generation (end of feeder) 336 kW/336 kVA
Generation with smart inverter capability — set 1 4 MW/4.44 MVA
Generation with smart inverter capability — set 2 2 MW/2.22 MVA
Generation with smart inverter capability — set 3 4 MW/4.44 MVA

A “current system base case” was created which represented the existing system topology (no DER with
smart inverter capability modeled). A “base case with smart inverter capability enabled DERs” was created
which modeled 10 MW of DER at UPF. These cases are referred to as case #0 and case #1 respectively.

To evaluate the locational impacts of injecting or absorbing active and reactive powers on voltage, dV/dP
and dV/dQ response curves were computed. These curves give an indication of what control strategy might
be most suitable for each location. Figure 2.2 and Table 2.3 show the impact response curves and slopes
for Feeder A under off-peak conditions (see section 2.3.1.2 for more details on off-peak case modeling).
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Figure 2.2. Response Curves
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Table 2.3. dV/dP and dV/dQ response curves and feeder characteristics

Feeder DER location DER location DER location
Characteristic set 1 set 2 set 3

dv/dP 0.41% 1.00% 2.17%

dv/dQ 0.32% 0.57% 0.96%
Qresp/Presp 0.79 0.57 0.44

SCMVA 125 86 54

X/R 3.25 1.83 1.22

The dV/dQ and dV/dP responses are the percent voltage change for the rated DER capability. The
response curve slopes show that the set 3 DER units have a noticeably higher dV/dP value as opposed to
set 1 and set 2. These study results indicate the set 3 location, at the end of the feeder, will have a larger
voltage variation due to any addition of DER capacity. Also, set 3 DER units have a significantly higher
dV/dQ value, indicating voltage at this location is most sensitive to changes in reactive power as compared
to other locations. For example, Table 2.3 indicates that the 2 MW DER in set 3, is required to absorb
approximately 969 kVAR of reactive power (the 0.90 pf rating) in order to change the voltage 0.96%. The
set 1 location where dV/dP and dV/dQ values are low, Volt-Var and Volt-Watt control are less helpful for
mitigating voltage issues as compared to set 2 and set 3 locations.

The Q response and the P response ratio shows the portion of the voltage change caused by active power
injection that can be compensated with reactive power. A ratio less than 1 indicates there is not enough
reactive capability available to compensate for the voltage rise caused by the rated active power injection.
The response curves also indicate visually that it is difficult at the rated reactive power level to mitigate the
entire voltage change caused by active power injection. Additionally, only set 3 location exceeds 1.05 pu
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voltage at unity power factor. Therefore, the study would focus on controls that would reduce this voltage
below 1.05 pu.

2.3.1.1 Off-Peak Load Study Results

Feeder A was first studied for off-peak loading conditions. The feeder off-peak loading characteristics are
shown in Table 2.4.

Table 2.4. Feeder off-peak load characteristics

Total load kW 1606.9
Total load kVAR 425.6
load PF 96.7%
Total load kVA 1662.3
Total KVA (peak load) 13735.6
Feeder Load Factor 41.0%
Total load as a % of peak load 12.1%

From case #0 and case #1 developed, the next set of cases model DER with either Volt-Var, Volt-Watt,
watt-var or a combination of those to evaluate which control function provides the most optimal response.
These cases are summarized in Table 2.5 for off-peak loading conditions. Figure 2.3 plots the voltages for
each of the cases in Table 2.5.

Table 2.5. Cases description — off peak'®

kVAR
Gen absorption
. Control Control outside S5 at the PCC Total_k\(AR
Case # Caps Location B Inverter absorption
type description 0.95 pf (kW) (head, at the PCC
limit middle and
end)
900 kVAR set 1, set 0 -170,-82,-
(head) 5 2 set3 UPF 100% No 2000 158 -410
900 kVAR
(head), set 1, set 3% from 1.06 to
900 VAR 3 B Volt-Var 109 No 2000 -170,-82
(middle)
-982
900 kVAR
(head), . 3% from 1.06 to )
900 KVAR 2 set3 Volt-Var 1.09 No 2000 730
(middle)
900 kVAR set 1, set 3% from 1.06 to
(head) 3 5 Volt-Var 109 No 2000 -170,-82 s
900 kVAR 3% from 1.06 to
(head) 2 set3 Volt-Var 1.09 No 2000 -507

5 Volt-Var control was modeled with “watts precedence over vars”
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Volt-Var: 2%
1.04t0 1.06
and Volt-Watt -
2% 1.051t0 1.07

2% from 1.04 to
1.06

2% from 1.04 to
1.06

Volt-Var: 2%
1.04 t0 1.06
and Volt-Watt -
2% 1.05t0 1.07

No

No

No

Yes

1816

2000

2000

1702

-1379

-186

-195
-1929

-1548

Table 2.5 above indicates if DER were to interconnect following existing guidelines requiring interconnection
at UPF, case #1 results indicate nodal voltages would be as high as 1.07 pu. Case #7 with watt-var control
and Case #9 with a combination of Volt-Var and watt-var control both successfully mitigate overvoltage’s
seen in Case #1. However, with these control functions especially involving watt-var, there is a significant
reactive power consumption that needs to be supplied by the transmission system. Case #7 results indicate
the units consume a total of ~5400 kVAR respectively requiring reactive power compensation to provide
the additional reactive power consumption created by the DERs. Based on these results, case #9 and case
#11 were evaluated for reduced reactive power consumption.
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Figure 2.3. Nodal Voltages — Off Peak
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Case #12 modeled new shunt capacitors at the feeder head to compensate for the reactive power absorbed
that was calculated in case #11. This maintains a constant reactive power consumed from the transmission
system. The shunt capacitors were modeled at locations where both SC MVA and system X/R ratio was
noticeably higher. This ensured voltages were not negatively impacted by the addition of shunt capacitors.

An important takeaway from this analysis is that although Volt-Var control does help control voltages, it
cannot be used on a standalone basis to mitigate voltage issues under all loading conditions for Feeder A.
Adding Volt-Watt to Volt-Var control or watt-var could work when Volt-Var alone is not sufficient but requires
more evaluation. Another option, as a possibility to avoid watt-var, is to increase the volt-var control ramp
rate and absorb more reactive power for a given voltage change. However, other concerns, such as stability
of the inverter voltage control, are concerns as well. If the inverter injects more reactive power at a rate
higher than the Q response of the feeder, the voltage may not remain stable. This study did not go below
2% because that seemed to be a lower rate of change than the Q response of the feeders.

2.3.1.2 Shoulder Peak Load Study Results

Feeder A was also studied for shoulder peak loading conditions. This analysis was carried out to verify the
control selected for the off-peak loading condition also worked for the shoulder peak loading condition. The
same feeder model used for the off-peak was used for evaluating the shoulder peak loading condition.
Feeder load was modified and is shown in Table 2.6.
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Table 2.6. Feeder Shoulder-peak Load Characteristics

Total load KW 8879.7
Total load kVAR 21054
load PF 97.3%
Total load KVA 9125.9
Total KVA (peak load) 13735.6
Total load as a % of peak load 66.4%

A “current system base case” was created which represented the existing system topology (no DER with
smart inverter capability modeled). A “base case with smart inverter capability enabled DERs” was created
which modeled 10 MW of DER at unity pf (UPF). These cases are referred to as case #0 and case #1
respectively. It should be noted that with the loading conditions as identified in Table 2.6, voltages along
the feeder were less than 1.05 pu. Therefore, a capacitor bank was switched in to get the voltages above
1.05 pu. This was done to increase the voltage without adding more generation because several facilities
were near their thermal limits and that would only be made worse by more generation. The main objective
is to consider the effectiveness of the controls for higher voltages, so this configuration is acceptable for
performing the test.

Table 2.7. Case Description 1 and 1'- shoulder peak

Case# Caps Regulator Location Control Type

head, middle and

#1 offline -5,-6,-4 UPF UPF
end
900 kVAR (head),
, 600 kVAR (head), head, middle and
#1 900 KVAR -5,-6,-4 end UPF UPF
(middle)
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Figure 2.4. Nodal Voltages - shoulder peak
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Using Case #1’, the next set of cases model DER with either Volt-Var, Volt-Watt, watt-var or a combination
to evaluate which control function provides the most optimal response. These cases are summarized in
Error! Not a valid bookmark self-reference. for shoulder peak loading condition. Figure 2.5 plots the
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Table 2.8. Case description - shoulder peak'®

Location

UPF

Volt-Var

Volt-Var

Control

type description

100%

3% from 1.06
to 1.09

3% from 1.04
to 1.07

Control

No

No

No

gen

outside

0.95 pf
limit

2000

2000

2000

Each
Inverter_ KW

-170,-82,-

158

-170,-82,-

158

-170,-84

kVAR
absorpt

ion

at the

PCC

-410

-410

-826

Total kVAR
absorption
atthe PCC

"6 VVolt-Var control was modeled with “watts precedence over vars”
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gen kVAR
outside Each absorption
0.95 pf  Inverter KW at the

limit PCC

Total_kVAR
absorption
at the PCC

Control Control
type description

3% from 1.04
0 1.07 No 2000 -572
3% from 1.06 -170,-82,-
10 1.09 No 2000 158 -410
P->1000 to
--2162,-
2000RWand -y .o 2000 1079 5399
Q->0to 968 2158
kVAR
2% from 1.04
10106 No 2000 -170,-148
-978
2% from 1.04
10106 No 2000 -660
2% from 1.04
10 1.06 No 2000 -172,-86
-2412
P->1000 to
2000 KW and
0->0 t0 968 Yes 2000 -2154
kVAR

21

OFFICIAL COPY

Jun 15 2021



#10

#10

#11

#11

#12

#12

3900
kVAR
(head),
900
(middle)

3900
kVAR
(head),
900
(middle)

1500
kVAR
(head),
900
kVAR
(middle)

1500
kVAR
(head),
900
kVAR
(middle)

2500
kVAR
(head),
900
(middle)

2500
kVAR
(head),
900
(middle)

Number of
DER units

set 1, set
2

Set 3

set 1, set

Set 3

set 1, set

Set 3

Location

Volt-Var

Watt-Var

Volt-Var

Volt-Var
and Volt-
Watt

Volt-Var

Volt-Var
and Volt-
Watt

Jennings Exhibit No. 11
Docket No. E-2, Sub 1276

Impact of Enabling Inverter Based Resource
Reactive Power Controls

gen kVAR
outside Each absorption
0.95 pf  Inverter KW at the

limit PCC

Total_kVAR
absorption
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Control Control
type description

2% from 1.04
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Figure 2.5. Nodal voltages - shoulder peak
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Based on the plots in Figure 2.5, the control functions that work for off-peak can also work for shoulder
peak conditions indicating the off-peak case alone could be used to determine the selection of control
function. Because the reactive power absorbed is higher in the off-peak case than for shoulder loading
conditions, the off-peak compensation remains the limiting case.

2.3.2 Feeder B overview

The feeder layout is shown in Figure 2.6. Much of the backbone consists of size 556 MCM conductor. The
feeder has a cap bank (highlighted with blue marker in Figure 2.6) rated 900 kVAR. The feeder currently
has no existing generation.
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To evaluate active/reactive power controls, Feeder B modeled a total of 8.88 MVA of DER with smart
inverter capability and 6.66 MVA of DER at UPF (highlighted with green markers in Figure 2.6). The DER
are added at locations to cover the length of the feeder and where maximum voltage change is expected.
Also note that following stakeholder discussion, Duke modified the model to ensure the inverters were
operating in reactive power priority. This option allows active power to exceed the 0.9 pf rating when the
maximum reactive power is not required for voltage compensation, but then reduce active power to provide
reactive power when required.

Figure 2.6. Feeder B layout

Table 2.9. Feeder B generation modeling

Existing generation (end of feeder) 0 KVA

Generation with smart inverter capability modeled in set 1 4.44 MVA
Generation with smart inverter capability modeled in set 2 4.44 MVA
Generation modeled in set 3 (UPF) 4.44 MVA
Generation modeled in set 4 (UPF) 2.22 MVA

A “current system base case” was created which represented the existing system topology (no DER with
smart inverter capability modeled). A “base case with smart inverter capability enabled DERs” was created
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which modeled 15.54 MVA of DER at UPF. These cases are referred to as case #0 and case #1
respectively.

Figure 2.7. Feeder B Response Curves — off peak conditions
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As with Feeder A, to evaluate the locational impacts of injecting/absorbing active and reactive powers on
votlage, dV/dP and dV/dQ response curves were computed. These curves give an indication of what control
strategy might be most suitable for each location. Figure 2.7 and Table 2.10. dV/dP and dV/dQ response
curves and feeder characteristics show the response curves and slopes for Feeder A under off-peak
conditions (see section 2.3.2.2 for more details on off-peak case modeling).

Table 2.10. dV/dP and dV/dQ response curves and feeder characteristics

DER location —set1 DER location —set2 DER location —set3

dV/dP 1.38% 0.91% 0.34%
dv/dQ 1.38% 1.84% 1.75%
EgeSp/ Qe 4 0o 2.02 5.07
SCMVA 44 38 1
X/R 215 201 422

The response curve slopes show that the set 1 DER units have a higher dV/dP value as opposed to DER
units set 2 and set 3. This indicates set 1 location will have a larger voltage variation due to addition of
DERs. Set 1, set 2 and set 3 locations have somewhat similar dV/dQ value (albeit set 1 has a lower value),
indicating Volt-Var control could work at these locations, but would be limited to approximately 1.3% to
1.8% voltage change. Additionally, at the location of each set of DER, the voltage exceeds 1.05 pu voltage
at UPF. Therefore, the study would focus on controls that would reduce this voltage below 1.05 pu.
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2.3.2.1 Off-Peak Load Study Results

Feeder B was first studied for off-peak loading conditions. The feeder off-peak loading characteristics are

shown in Table 2.11.
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Table 2.11. Feeder B off-peak load characteristics

Feeder load characteristics Value

Total load KW

Total load kVAR
load PF
Total load KVA

Total KVA (peak load)
Feeder Load Factor

Total load as a % of peak load

713.8
121.4
98.6%

724

6738.6
31.4%
10.7%

From case #0 and case #1 developed, the next set of cases model DER with either Volt-Var or a
combination of Volt-Var and Volt-Watt to evaluate which control function provides the most optimal
response. These cases are summarized in Table 2.12 for off-peak loading condition. Figure 2.8 plots the
voltages for each of the studied cases in Table 2.12.
Table 2.12. Cases description — off peak'”

Total
number
of DER

units

Location

Control

Control

type  description

Gen
outside

Each

0.95pf Inverter_KVA

limit

kVAR
absorption
atthe  Total kVAR
PCC (set  absorption
1, set 2, atthe PCC
set 3 and

#0 NA 0 N/A

mo oNna 7 et
4
2 setl
2 set2
#8 N/A
2 set 3
1 set4

#13 NA 2 setl

N/A

UPF

Volt-Var

Volt-Var

UPF

UPF

Volt-Var
and
Volt-
Watt

N/A
100%
2% from
1.04 to 1.06
2% from
1.04 to 1.06

100%

100%

2% from
1.04t0 1.06
and 3%
from 1.06 to
1.09

N/A

No

No

No

No

No

No

N/A

2222

2209

2211

2222

2222

2209

set 4)
N/A N/A
-198,-196,-
202,-103 699
-547
-558
-1420
-210
-105
-547 -1420

7 Volt-Var control was modeled with “vars precedence over watts”
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#14

1110
kVAR

N

set 2

set 3

set4

setl

set2

set 3

set4

Location

Volt-Var
and
Volt-
Watt

UPF

UPF

Volt-Var

Volt-Var

UPF

UPF

Control

Control

type  description

2% from
1.04 to 1.06
and 3%
from 1.06 to
1.09

100%

100%

2% from
1.04 to 1.06

2% from
1.04 to 1.06

100%

100%

No

No

No

No

No

No

No

Gen
outside

React

Each

0.95 pf Inverter KVA

limit

2211

2222

2222

2208

2208

2222

2222

-558

-210

-105

-566

-573

-210

-105

Jennings Exhibit No. 11
Docket No. E-2, Sub 1276

Impact of Enabling Inverter Based Resource

ive Power Controls

kVAR
absorption
at the Total_kVAR
PCC (set  absorption
1, set 2, at the PCC
set3and
set 4)

-1454
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Figure 2.8. Nodal Voltages — off peak
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If DER were to interconnect following existing guidelines requiring interconnection at UPF, case #1 results
indicate nodal voltages would be as high as 1.055 pu. Case #8 with Volt-Var control mitigates overvoltages
seen in Case #1. Case #14 modeled new shunt capacitors in case #8 to compensate for reactive power
consumption from the transmission system. The shunt capacitors were modeled at locations where both
SC MVA and system X/R ratio was higher. This ensured voltages were not negatively impacted by the
addition of shunt capacitors. Case #13 demonstrated that Volt-Watt control was not needed for this feeder
because the results were the same as Case #8.

2.3.2.2 Shoulder Peak Load Study Results

Feeder B was later studied for shoulder peak loading conditions. This analysis was carried out to verify if
the control selected for the off-peak loading condition also worked for the shoulder peak loading condition.
The feeder shoulder peak loading characteristics are shown in Table 2.13.
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Table 2.13. Feeder B shoulder-peak load characteristics

Total load KW 3873.0
Total load KVAR 1139.6
load PF 95.9%
Total load KVA 4037.2
Total KVA (peak load) 6738.6
Total load as a % of peak load 60.0%

A “current system base case” was created which represented the existing system topology (no DER with
smart inverter capability modeled). A “base case with smart inverter capability enabled DERs” was created
which modeled 15.5 MVA of DER at UPF. These cases are referred to as case #0 and case #1 respectively.
The next set of cases model DER with either Volt-Var or a combination of Volt-Var and Volt-Watt to evaluate
the control function selected for off-peak also worked for shoulder peak. These cases are summarized in
Table 2.14Error! Reference source not found. for shoulder peak loading condition. Figure 2.9 plots the
voltages for each of the studied cases in Error! Reference source not found..

Table 2.14. Case description - shoulder peak®

kVAR
Total Gen absorption
number Location Control Control outside Each at the PCC T;gz(l)—rk\t@r?
of DER type description 0.95pf Inverter KVA (set1, set2, P
: e at the PCC
units limit set 3 and
set 4)
#0 900 0 NJA NJA N/A N/A N/A N/A NJA
kVAR
900 198.-
#1 7 setl-4 UPF 100% No 2222 196,-202,- -699
kVAR
103
0,
2 setl  Voltvar 2% f“’lmoém © N 2205 681
0,
2 set 2 Volt-Var 2% frolmoé 0410 No 2173 -981
#8 k?/(,)AOR -1971
2 set 3 UPF 100% No 2222 -204
1 set 4 UPF 100% No 2222 -105

'8 Volt-Var control was modeled with “vars precedence over watts”
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Total
number
of DER

units

Location

2 setl
900 2 set 2
3 AR
2 set 3
1 set4
2 setl
900 2 set 2
#14 klvéﬁ'
2 set 3
kVAR
1 set4d

Control
type

Volt-Var
and
Volt-
Watt

Volt-Var
and
Volt-
Watt

UPF

UPF

Volt-Var

Volt-Var

UPF

UPF
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Control
description

2% from 1.04 to
1.06 and 3%
from 1.06 to

1.09

2% from 1.04 to
1.06 and 3%

from 1.06 to
1.09

100%

100%

2% from 1.04 to
1.06

2% from 1.04 to
1.06

100%

100%

Gen
outside
0.95 pf

limit

No

No

No

No

No

No

No

No

Each
Inverter KVA

2205

2173

2222

2222

2202

2171

2222

2222

kVAR
absorption
atthe PCC
(set 1, set2,
set 3 and
set 4)

Total_kVAR
absorption
at the PCC

-681

981 -1971

-204

-105

-710

-1000

-2017
-203

-104

Based on the plots in Figure 2.9, the control functions that work for off-peak conditions would also work for

shoulder peak conditions.

It should be noted that the voltages seen in shoulder peak case #1 exceed the voltages in the off-peak
case. This is attributed to the station regulator which has a high value of resistive compensation. This moves
the effective setpoint higher for higher load levels. Therefore, based on these results, it was determined
that an evaluation of system peak is also required for this feeder.
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Figure 2.9. Nodal voltages - shoulder peak
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2.3.2.3 System Peak Load Study Results

As with the off-peak, dV/dP and dV/dQ response curves were computed to evaluate the locational impacts
of injecting/absorbing active and reactive powers on voltage at peak load. Table 2.15 shows the response
characteristics for the feeder under peak load conditions.

Table 2.15. dV/dP and dV/dQ response curves and feeder characteristics

DER location — set 1 DER location — set 2 DER location — set 3
dv/dP 1.50% 1.09% Not computed
dv/dQ 1.33% 1.79% Not computed
Qresp/Presp  0.89 1.65 Not computed
SCMVA 44 38 41
X/R 2.15 2.91 4.22

Comparing the off-peak responses to the system peak, there are some differences, but they are small. The
active power responses changed by approximately 0.20% and the reactive response changed by 0.05%.
Comparing the response curves for set 1 and adjusting for the base case change in voltage, as shown in
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Figure 2.10, the responses are practically identical. This is only one comparison, but it may indicate that
these values do not change significantly for various load levels

Figure 2.10. Off-peak to Peak load response comparison

Offpeak to Peak Load Response Comparison
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—@— P offpeak —@=—P peak Q offpeak Q peak

For illustration purposes, the vertical dashed lines provide an estimate of the reactive compensation needed
to return the PCC voltage to the state prior to injecting active power. In the off peak case, there is enough
capability before reaching the 0.9 pf limit and more than enough to bring the voltage below 1.05 pu. At
peak, it seems the reactive power comes very close to bringing the voltage close to the base case voltage,
but it may not be enough to get below 1.05 pu.

Peak loading condition for Feeder B was further studied. This analysis was carried out to verify if the control
selected for the off-peak, and shoulder peak loading condition also worked for the system peak loading
condition as it was expected the peak case would have the highest voltages. The feeder peak loading
characteristics are shown in Table 2.16.

Table 2.16. Feeder B peak load characteristics

Total load KW 6646.6
Total load kVAR 1109.6
load PF 98.6%

Total load KVA 6738.6
Total KVA (peak load) 6738.6
Total load as a % of peak load 100.0%
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A “current system base case” was created which represented the existing system topology (no DER with
smart inverter capability modeled). A “base case with smart inverter capability enabled DERs” was created
which modeled 15.5 MVA of DER at UPF. These cases are referred to as case #0 and case #1 respectively.

The next set of cases model DER with either Volt-Var or a combination of Volt-Var and Volt-Watt to evaluate
the control function selected for off-peak and shoulder peak also worked for system peak. The cases are
summarized in Table 2.17 for shoulder peak loading condition. Figure 2.11 plots the voltages for each of
the studied cases in Table 2.17.

Table 2.17. Case description - peak™

kVAR
absorption
Total Gen N
number : Control Control outside Each ="
of DER LG type description  0.95pf  Inverter KVA OGR! EEopi Y
units iimit - 1, set 2, the PCC
set 3 and
set4)
#0 900 0 N/A N/A N/A N/A N/A N/A N/A
kVAR
900 198
#1 7 setl-4 UPF 100% No 2222 196,-202,- -699
kVAR
103
2% from
2 setl Volt-Var 1.04to No 2195 -806
1.06
2% from
2 set 2 Volt-Var 1.04 to No 2173 -1108
900 1.06 .
#8 kVAR 2219
2 set3 UPF 100% No 2222 -202
1 set 4 UPF 100% No 2222 -103
2% from
Volt-Var 1.04 to
and 1.06 and
2 setl Volt- 39% from No 2195 -806
Watt 1.06 to
900 1.09
#13 -2219
kVAR 2% from
Volt-Var 1.04 to
and 1.06 and
2 set 2 Volt- 39 from No 2173 -1108
Watt 1.06to
1.09

9 Volt-Var control was modeled with “vars precedence over watts”

33

OFFICIAL COPY

Jun 15 2021



#14

900
kVAR,
1800
kVAR

Total
number
of DER

units

Location

2 set3
1 set4
2 setl
2 set2
2 set3
1 set4

Control
type

UPF

UPF

Volt-Var

Volt-Var

UPF

UPF
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kVAR
absorption
Ge'n at the Total kVAR
Control outside Each :
description  0.95pf  Inverter_KVA PCC (set  absorption at
i = 1, set2, the PCC
imit
set 3 and
set 4)
100% No 2222 -202
100% No 2222 -103
2% from
1.04t0 No 2190 -818
1.06
2% from
1.04to No 2153 -1117
1.06 2242
100% No 2222 -203
100% No 2222 -104
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Figure 2.11. Feeder B Nodal voltages - peak
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Based on the plots in Figure 2.11, the control functions that work for off-peak and shoulder peak also work
for system peak conditions. As seen in the shoulder peak case where voltages exceeded the off-peak case,
voltage seen in peak case #1 exceeded the voltage in the off-peak and shoulder peak cases. As stated
before, this is because the station regulator has a high value of resistive compensation. This moves the
setpoint higher for higher loads. This calls for an adjustment of the “R” compensation values after further
analysis.

2.3.3 Feeder C overview

The feeder layout is shown in Figure 2.12. Much of the backbone consists of size 336 MCM conductor. The
feeder currently has no existing generation. The feeder models a regulator at the feeder head with a 125V
voltage setpoint, and reverse operating mode set to “Co-generation”. The feeder also models a line
regulator with a 125 V voltage setpoint, and no reverse operating mode.

To evaluate active/reactive power controls, feeder C modeled a total of 6.66 MVA of DER with smart inverter
capability (highlighted with green markers in Figure 2.12). The DER are added at locations to cover the
length of the feeder and where maximum voltage change is expected. As per Duke’s interconnection
guidelines, generation can interconnect between the source and the first line regulator.
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Figure 2.12. Feeder C layout

Table 2.18. Feeder C generation modeling

Existing generation (end of feeder) 0 KVA

Generation with smart inverter capability modeled in set 1 2.22 MVA
Generation with smart inverter capability modeled in set 2 2.22 MVA
Generation with smart inverter capability modeled in set 3 2.22 MVA

A “current system base case” was created which represented the existing system topology (no DER with
smart inverter capability modeled). A “base case with smart inverter capability enabled DERs” was created
which modeled 15.5 MVA of DER at UPF. These cases are referred to as case #0 and case #1 respectively.
As in the previous feeders, dV/dP and dV/dQ response curves were computed under off-peak conditions.
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Figure 2.13 shows the response curves for Feeder C under off-peak conditions (see section 2.3.3.1 for
more details on off-peak case modeling).
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Figure 2.13. Response Curves — off peak conditions
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Table 2.19. dV/dP and dV/dQ response curves and feeder characteristics

DER location —set1 DER location—set2 DER location —set 3

dVv/dP 1.15% 0.91% 0.91%
dv/dQ 0.57% 0.61% 1.00%
Qresp/Presp  0.49 0.67 1.01
SCMVA 62 62 50
X/R 2.01 2.44 3.04

The response curve slopes show that all three sets of DER have similar and low dV/dP values. This
indicates that adding generation at any of the locations will have a similar voltage variation due to addition
of DERs. Moreover, the set 1 to set 2 locations have low dV/dQ value (set 3 is about double). Although
Volt-Var control will have somewhat of a muted impact in mitigating voltage violations, the voltage violations
would themselves be low as the dV/dP values are also lower. It is clear from the charts that only set 3 has
the potential to reduce voltage below 1.05 pu using reactive power. Therefore, as in previous cases, Volt-
Var control or a combination of Volt-Var and Volt-Watt control could work for this feeder. Additionally, all
location sets exceed 1.05 pu voltage at UPF. Therefore, the study would focus on controls that would
reduce this voltage below 1.05 pu.

2.3.3.1 Off-Peak Load Study Results

Feeder C was first studied for off-peak loading conditions. The feeder off-peak loading characteristics are
shown in Table 2.20.
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Table 2.20. Feeder C off-peak load characteristics

Total load KW 1237.3
Total load kVAR 225.8

load PF 98.4%
Total load KVA 1257.7
Total KVA (peak load) 7053.9
Feeder Load Factor 38.0%
Total load as a % of peak load 17.8%

From case #0 and case #1 developed, the next set of cases model DER with either Volt-Var, Volt-Watt,
watt-var or a combination to evaluate which control function provides the most optimal response. These
cases are summarized in Table 2.21 for off-peak loading condition.

Figure 2.14 plots the voltages for each of the studied cases in Table 2.21.

Table 2.21. Cases description — off peak?

Total SR
Gen absorptio  Total_kVA
numbe : Control ; Each
Cas Resgulato Locatio  Contro . outsid n at the R
Caps r of descriptio Inverter KV :
e# r DER n | type n e 0.95 A PCC (set  absorption
pf limit 1,set2, atthe PCC
set 3)
-3,-2,-2/-
#0 N/A 110 0 N/A N/A N/A N/A N/A N/A N/A
-3,-2,-2/- setl- -99,-99,-
#1 N/A 211 3 3 UPF 100% No 2222 99 -297
Volt- 2% from
1 setl Var 1.041t0 No 2155 -638
1.06
2% from
#8 na Sk 1 set2 V" o No 2184 -498 -1877
1,-1,0 Var
1.06
Volt- 2% from
1 set3 1.04 to No 2127 -741
Var 1.06

2 Volt-Var control was modeled with “vars precedence over watts”
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Total SR
Gen absorptio  Total kVA
numbe . Control . Each
Cas Resgulato Locatio  Contro L outsid n at the R
Caps r of descriptio Inverter_KV .
e# r DER n | type 0 e 0.95 A PCC (set  absorption
. pf limit 1,set2, atthe PCC
units
set 3)
2% from
Vol o
Var 1.06 and
1 setl and . No 2155 -638
3% from
Volt-
Watt 1.06 to
1.09
2% from
\</°a'1tr 10410
s NA S22y gy ang L0BAND 2184 498 1877
1-1,0 3% from
Volt-
Watt 1.06 to
1.09
2% from
W 10410
1.06 and
1 set3 and 39% from Yes 2127 -741
Volt-
Watt 1.06 to
1.09
Volt- 2% from
1 setl var 1.04to0 Yes 2126 -751
1.06
1900 2% from
sa A 022 e VY e o 2157 643 1889
1-10 Var
R 1.06
Volt- 2% from
1 set3 1.04 to No 2189 -495
Var 1.06

From Table 2.21 we see that if DER were to interconnect under existing guidelines requiring interconnection
at UPF, case #1 results indicate nodal voltages would be as high as 1.06 pu. Case #8 with Volt-Var control
mitigates overvoltages seen in Case #1 (although there is a small overvoltage of 1.051 pu at set 2 location).
From Case 8, the DER units consume a total of ~1900 kVAR requiring reactive power compensation to
offset the additional reactive power consumption from the transmission system. Therefore, Case #14
models new shunt capacitors to compensate the transmission system for reactive power consumed on the
feeder. As noted above, only set 3 brought the voltage within limits. More aggressive settings that provide
more reactive power absorption are needed for the controllers to absorb more reactive power, which may
or may not correct voltage at the other locations. More aggressive settings must be balanced with the
concerns for controller stability. Such concerns are currently under evaluation by EPRI, but there is minimal
information at this time. These results continue to indicate that Volt-Watt would be another possible
controller that could be added with the Volt-Var.

The new shunt capacitors were modeled at locations where both SC MVA and system X/R ratio is higher
which is a node very near to the substation.
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Figure 2.14. Feeder C Nodal Voltages — off peak
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2.3.3.2 Shoulder Peak Load Study Results

Feeder C was later studied for shoulder peak loading conditions. The analysis was carried out to verify if
the control selected for the off-peak loading condition also worked for the shoulder peak loading condition.
The feeder shoulder peak loading characteristics are shown in Table 2.22Error! Reference source not

found..
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Table 2.22. Feeder C shoulder-peak load characteristics

Feeder load characteristics Value

Total load KW 4019.0
Total load kVAR 1281

load PF 95.2%
Total load KVA 4218.2
Total KVA (peak load) 7053.9
Total load as a % of peak load 59.8%

As in the off-peak case, a “current system base case” was created for shoulder peak which represented
the existing system topology (no DER modeled). A “base case with DER” was created which modeled 6.66
MVA of DER at UPF. These cases are referred to as case #0 and case #1 respectively.

The next set of cases model DER with either Volt-Var or a combination of Volt-Var and Volt-Watt to
evaluate the control function selected for off-peak also worked for shoulder peak. These cases are
summarized in

Table 2.23 for shoulder peak condition.

Table 2.23. Case description - shoulder peak?’

Total Gen kVAR. Total_kVA
: ; Each absorption S
number  Locati Control Control outside R
Regulator - Inverter  atthe PCC ,
of DER on type description  0.95 pf absorption
. e _KVA  (setl, set2,
units [imit at the PCC
set 3)
#0 N/A  2,0,0/2,0, 0 N/A N/A N/A N/A N/A N/A N/A
3
y setl-
#1 N/A  2,0,0/0,0, 3 3 UPF 100% No 2222 -99,-99,-99 -297
1
2% from
1 setl Volt-Var 1.04to0 No 2213 -302
1.06
- 2% from
#8 N/A  2,0,0/0,0, 1 set 2 Volt-Var 1.04 to No 2222 -103 -931
1 1.06
2% from
1 set3 Volt-Var 1.04 to No 2181 -526
1.06

2! Volt-Var control was modeled with “vars precedence over watts”
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kVAR
Each absorption
Inverter  at the PCC
_KVA  (setl,set2,
set 3)

Gen
Locati Control outside
on description  0.95 pf
[imit

Total_kVA
R
absorption
atthe PCC

Regulator

2% from

1.04to0
Volt-Var 1.06 and

1 setl and Volt- No 2213 -302
3% from
Watt

1.06 to
1.09

2% from

. 1.04 to
Volt-Var 1.06 and

2,0,0/0,0, 1 set 2 and Volt- No 2222 -103 -931
3% from
1 Watt

1.06to
1.09

2% from

1.04 to
Volt-Var 1.06 and

1 set3 and Volt- 3% from No 2181 -526
Watt

1.06to
1.09

2% from
1 setl Volt-Var 1.04 to No 2179 -537
1.06

" 2% from
2,0,0/0,0, 1 set 2 Volt-Var 1.04 to No 2212 -313 -953
1 1.06

2% from
1 set 3 Volt-Var 1.04to0 No 2222 -103
1.06
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Figure 2.15. Feeder C Nodal voltages - shoulder peak

1.055
1.05 N\
1.045
1.04 —
¥
5 1.035
o
=~ 1.03
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1.02
1.015
1.01
head setl head set 2 head set 3 middle middle end
4351.7 7401.6 3329.2 8482.6 9426.9 14417.2 16625.5 19014.8 20922.8
nodal location and distance from source
e case #1 - UPF case #13 - volt-var & volt-watt e case #0
case #8 - volt-var e case #14 - volt-var

Based on the plots in Figure 2.15Error! Reference source not found., the control functions are better able
to maintain voltage with limits for shoulder load conditions. Off-peak remains the worse reactive power
absorption case.

2.3.4 Feeder D overview

The feeder layout is shown in Figure 2.16 The feeder currently has 10 MW of existing generation
(highlighted with cyan marker in Figure 2.16). The feeder also models a feeder head regulator with a 125 V
voltage setpoint, and operating mode set to “bi-directional”. To evaluate active/reactive power controls,
feeder A modeled a total of 6 MW of DER with smart inverter capability (highlighted with green markers in
(Figure 2.16). The DER are added at locations to cover the length of the feeder and where maximum voltage
change is expected.
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Figure 2.16. Feeder D layout

Table 2.24. Feeder D generation modeling

Generation Value

Existing generation (end of feeder) 10 MW/10 MVA
Generation with smart inverter capability modeled in set 1 location 2 MW/2.22 MVA

Generation with smart inverter capability modeled at the middle

section 2 MW/2.22 MVA

Generation with smart inverter capability modeled at the end section 2 MW/2.22 MVA

dV/dP and dV/dQ response curves show the impact of injecting active and reactive power. These curves
give an indication of what control strategy might be most suitable for each location. Figure 2.17 shows the
response curves for Feeder D under off-peak conditions (see section 2.3.4.1 for more details on off-peak
case modeling).
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Figure 2.17. Response Curves
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Table 2.25. dV/dP and dV/dQ response curves and feeder characteristics

DER location —set1 DER location —set2 DER location —set 3

dVv/dP 0.13% 1.43% 2.01%
dv/dQ 0.11% 0.68% 0.85%
Qresp/Presp  0.81 0.47 0.42
SCMVA 129 62 52
X/R 5.80 1.72 1.43

The response curve slopes show that, the set 3 location has a higher dV/dP value as opposed to set 1 and
set 2 locations. This indicates that adding generation at set 3 location will have a larger voltage variation
due to addition of DERs. The charts also show there is not enough var capability to reduce voltage below
1.05 pu. Also, the dV/dQ value is low and indicates that some of the voltage rise cannot be mitigated. At
set 1 location, neither active or reactive power impact the voltage significantly and this is represented by
the very low response values. Sets 2 and 3 exceed 1.05 pu voltage at UPF. Therefore, the study would
focus on controls that would reduce this voltage below 1.05 pu.

2.3.4.1 Off-Peak Load Study Results

Feeder D was first studied for off-peak loading conditions. The feeder off-peak loading characteristics are
shown in the Table 2.26 below.
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Table 2.26. Feeder D off-peak load characteristics

Total load KW 252.2
Total load kKVAR 94.7
load PF 94.0%
Total load KVA 269.4
Total KVA (peak load) 7103.8
Total load as a % of peak load 3.8%

From case #0 and case #1 developed, the next set of cases model DER with either Volt-Var, Volt-Watt,
watt-var or a combination to evaluate which control function provides the most optimal response. These
cases are summarized in Table 2.27 for off-peak loading condition. Figure 2.18. Feeder D Nodal Voltages
— off peak plots the voltages for each of the studied cases in Table 2.27.

Table 2.27. Cases description — off peak??

Gen
Number ; :
: Control Control outside kVAR absorption total
OLzltEsR Lol type outline 0.95 pf ey at the PCC kVAR
[imit
set 1,set -82,-
#1 none 3 2563 UPF UPF No 2000 78,-86 -246
3% from
#5 none 1 setl Volt-Var 1.04to No 2000 -276
1.07
3% from
#5 none 1 set 2 Volt-Var 1.04to Yes 1999 =744 -1897
1.07
3% from
#5 none 1 set3 Volt-Var 1.04 to Yes 1999 -877
1.07
Volt- 3% from
#6 none 1 setl 1.06 to No 2000 -82
Watt
1.09
Volt- 3% from
#6 none 1 set 2 1.06 to No 1769 -63 -198
Watt
1.09
Volt- 3% from
#6 none 1 set 3 1.06 to No 1490 -53
Watt 1.09

2 Volt-Var control was modeled with “watts precedence over vars”
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#7

#8

#8

#8

#9

#9

#9

#10

#10

#10

#11

none

none

none

none

none

none

none

2400
kVAR
(setl)

2400
kVAR
(setl)

2400
kVAR
(setl)

none

Number
of DER  Location
units

3 set 1,set
2,5et3
1 setl
1 set 2
1 set3
1 setl
1 set 2
1 set 3
1 setl
1 set 2
1 set 3
1 setl
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Gen
Control Control outside
type outline 0.95 pf
[imit
P_1000-
>2000kW
watt-var Q.0 Yes
928kvar or
0.9 pf

2% from
Volt-Var 1.04to No
1.06

2% from
Volt-Var 1.04 to Yes
1.06

2% from
Volt-Var 1.04 to Yes
1.06

2% from
Volt-Var 1.04 to No
1.06

2% from
Volt-Var 1.04 to Yes
1.06

P_1000-
>2000kW
watt-var Q_0- Yes
928kvar or
0.9 pf

2% from
Volt-Var 1.04 to No
1.06

2% from
Volt-Var 1.04to Yes
1.06

P_1000-
>2000kW
watt-var Q.0 Yes
928kvar or
0.9 pf

Volt-Var:

2% from

Volt-Var 1.04 to
and 1.06 and

Volt- Volt-Watt -
Watt 2% from
1.05to
1.07

No

Inverter KW

2000

2000

1999

1999

2000

1999

1999

2000

1999

1999

2000

kVAR absorption total
at the PCC kVAR

-1075,-
1072,-
1078

-347

-923

-1071

-346

-923

-1072

-346

-923

-1072

-352

-3225

-2341

-2341

-2341

-1934
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Gen
Number : :
. Control Control outside kVAR absorption total
OLzER Location — “ye™  outine  0.95pf MKW atepcc VAR
limit
Volt-Var:
2% from
Volt-Var 1.04t0
#1 none 1 setz  and o Lo6and oy 1679 752

Volt- Volt-Watt -
Watt 2% from
1.05to
1.07

Volt-Var:
2% from
Volt-Var 1.04 to
and 1.06 and
#11 none 1 set3 Volt- Volt-Watt - Yes 1449 -830

Watt 2% from

1.05to
1.07
Volt-Var:
2% from
2000 Yt Loean

#12 kVAR 1 setl | II No 2000 -352
(set 1) Volt- Volt-Watt -
Watt 2% from
1.05to
1.07
Volt-Var:
2% from
o 00t

#12 (l;\é?lR) 1 set 2 Volt- Volt-Watt - Yes 1679 -752 -1934

Watt 2% from
1.05to
1.07
Volt-Var:
2% from
o 0%

#12 (ks\gtAlR) 1 set3 Volt- Volt-Watt - Yes 1449 -830
Watt 2% from
1.05to
1.07

If DER were to interconnect following existing guidelines requiring interconnection at UPF, case #1 results
indicate nodal voltages would be as high as 1.075 pu. Case #7 with watt-var control which utilized the
maximum reactive capability of the DER units still could not mitigate overvoltages seen in Case #1.
Therefore, it is not possible to integrate 6 MW of new DER on this feeder at UPF.
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Case #9 and Case #11 results indicate the units consume a total of ~2350 and ~1950 kVAR respectively
requiring reactive power compensation to compensate for the additional reactive power consumption by
the DERs. Therefore, Case #10 and Case #12 modeled new shunt capacitors to compensate for reactive
power consumption from the transmission system. The shunt capacitors were modeled at locations where
both SC MVA and system X/R ratio is higher. This would ensure voltages are not negatively impacted by
the addition of shunt capacitors.

Figure 2.18. Feeder D Nodal Voltages — off peak

Nodal Voltage

1.08
1.07

1.06

]
2 1.05
>

1.04
1.03

1.02
head head setl head set 2 middle middle middle set3

308 452 4969 17412 23710 25371 25837 26256 29629
Axis Title

e case #0 - Starting Case
case #1 - UPF
e case #11 - VV and VW mix
case #12 - VV and VW mix
e case #5 - VV (3% 1.04-1.07)
a—ase #6 - VW (3% 1.06-1.09)
e ase #7 - WV(P -> 1000 to 2000 KW and Q - > 0 to 968 Kvar)
—case #8 - VV (2% 1.04-1.06)
e case #9 - VV and WV mix

e case #10 - VV and WV mix

2.3.4.2 Shoulder Peak Load Study Results

Feeder D was later studied for shoulder peak loading conditions. This analysis was carried out to verify if
the control selected for the off-peak loading condition also worked for the shoulder peak loading condition.
The feeder shoulder peak loading characteristics are shown in Table 2.28.
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Table 2.28. Feeder D shoulder-peak load characteristics

Total load KW 4241.2
Total load kVAR 314.2

load PF 99.7%
Total load KVA 4253.0
Total KVA (peak load) 7103.8
Total load as a % of peak load 59.8%

A “current system base case” was created which represented the existing system topology (no DER with
smart inverter capability modeled). A “base case with smart inverter capability enabled DERs” was created
which modeled 6 MW of DER added at UPF. These cases are referred to as case #0 and case #1
respectively. The next set of cases model DER with either Volt-Var, watt-var or a combination of Volt-Var
and Volt-Watt to evaluate the control function selected for off-peak also worked for shoulder peak. These
cases are summarized in Table 2.29 for shoulder peak loading condition.

Figure 2.19 shows the plots of voltages for each of the studied cases in Table 2.29.

Table 2.29. Case description - shoulder peak??

Number of Control Ot?tSiZe KVAR
, Location ~ Control type , Inverter KW  absorption  total kVAR
DER units outline 0.95 pf
e at the PCC
[imit
none 3 set 1,set UPF UPF No 2000 83-82-82  -247
2,5et 3
2% from
none 1 setl Volt-Var 10410 1.06 No 2000 -124
2% from
none 1 set 2 Volt-Var 1.0410 1.06 Yes 2000 -287 -791
2% from
none 1 set3 Volt-Var 10410 1.06 Yes 2000 -380
Volt-Var:
2% from
1.04t0 1.06
kl\(;gg 1 set1 V‘\)/'gl\t/ %;?d and Volt- No 2000 125 794
Watt - 3%
from 1.06 to
1.09

2 Volt-Var control was modeled with “watts precedence over watts”
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Number of Control o&girc]ie AR
: Location  Control type : Inverter KW  absorption  total KVAR
DER units outline 0.95 pf
e at the PCC
[imit
Volt-Var:
2% from
1.04t0 1.06
#14 kl\(/)gg 1 set2 V§)/|2|\t/ %;?d andVolt-  Yes 2000 288
Watt - 3%
from 1.06 to
1.09
Volt-Var:
2% from
1.04 to 1.06
#14 kl\(/)gg 1 set3 Vi’/'gl\t/ Sc:t?d and Volt-  Yes 2000 381
Watt - 3%
from 1.06 to
1.09
Figure 2.19. Feeder D Nodal voltages - shoulder peak
1.06
1.05
1.04 — —
1.03
1.02
1.01
1
0.99
0.98
head head head setl head set 2 middle middle middle set 3
308 452 4969 17412 23710 25371 25837 26256 29629

e case #0

case #1 - UPF e case #14 -VV (2% 1.04-1.06)

Based on the plots in

case #8 - VV (2% 1.04-1.06)

Figure 2.19, voltages for case #8 with Volt-Var control mitigates voltage issues seen in case #1. Off-peak
remains the worse reactive power absorption case.
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2.3.5 Feeder E overview

The feeder layout is shown in Figure 2.20. Much of the backbone consists of size 477 MCM conductor.
The feeder has three cap banks (highlighted with blue marker in Figure 2.20) rated 600 kVAR each. The
feeder currently has no existing generation. To evaluate active/reactive power controls, feeder A modeled
a total of 17.76 MVA of DER with smart inverter capability (highlighted with green markers in
Figure 2.20). The DER are added at locations to cover the length of the feeder and where maximum voltage
change is expected.

Table 2.30. Feeder E generation modeling

Existing generation 0 KVA

Generation with smart inverter capability modeled in set 1 2.22 MVA
Generation with smart inverter capability modeled in set 2 2.22 MVA
Generation with smart inverter capability modeled in set 3 5.55 MVA
Generation with smart inverter capability modeled in set 4 2.22 MVA
Generation with smart inverter capability modeled in set 5 5.55 MVA

Figure 2.20. Feeder E layout

A “current system base case” was created which represented the existing system topology (no DER with
smart inverter capability modeled). A “base case with smart inverter capability enabled DERs” was created
which modeled 17.76 MVA of DER at UPF. These cases are referred to as case #0 and case #1
respectively. As in previous feeders, dV/dP and dV/dQ response curves were computed under off-peak
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conditions. Figure 2.21 and Table 2.32 show the response curves and feeder characteristics for Feeder E
under off-peak conditions (see section 2.3.5.1 for more details on off-peak case modeling).

Figure 2.21. Feeder E Response Curves (kW and kVar) — off peak conditions

5850
3500
4850
2500
3850
1500
©
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1.0350 1.0400 1.0450 1.0500 1.0550 1.0600 1.0650 1.0700 1.0750 1.0800 1.0850
V pu
Qsetl Qset2 em@um(Qset3 em@umPset] em@umPset? e=@ueP set3

This chart does look different from the others because this feeder has various sizes of DER. In such
cases, the chart must be normalized by converting to a pu basis, which gives the more uniform curves.
Figure 2.22 is the same as Figure 2.21 but in pu to develop more uniform curves for analysis. However,
that change can make it a little more difficult to relate to the actual active and reactive magnitudes. The
reactive power for 0.95 pf, the maximum magnitude represented by the reactive lines shown below, is
much larger for the 5 MW DER than the 2 MW DER (although they both stop at 0.31 pu Q. This difference
in magnitude can be lost on charts formatted this way.

Figure 2.22. Feeder E Response curves pu - off-peak conditions
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One point of application: The Q line for the 5 MW DER can be moved graphically down along the dP line
and that is the reactive power response for a DER at that kW value (the line will grow shorter because the
rated reactive power decreases with the size of the DER, but the slope remains the same).

Table 2.31. dV/dP and dV/dQ response curves and feeder characteristics

DER location - set 1 DER location - set 2 DER location — set 3
dv/dpP 0.57% 0.52% 1.35%
dv/dQ 0.36% 0.63% 2.56%
Qresp/Presp  0.63 121 1.90
SCMVA 93 74 57
XIR 2.71 3.25 4.06

The response curve slopes show that, set 1 and set 2 locations have a high slope, or stated another way,
that the voltage change is low for both active and reactive power injections. The high SC MVA at these
locations directly impacts this and it translates to low dV/dP and dV/dQ values. Set 3 stands out as a good
candidate for reactive power control because there is almost twice the reactive capability available to correct
the voltage rise from the power injection. Therefore, as in previous cases, Volt-Var control or a combination
of Volt-Var and Volt-Watt control is most applicable for locations further down the feeder. Sets 2 and 3
locations exceed 1.05 pu voltage at UPF. Therefore, the study would focus on controls that would reduce
this voltage below 1.05 pu.

2.3.5.1 Off-Peak Load Study Results

Feeder E was first studied for off-peak loading conditions. The feeder off-peak loading characteristics are
shown in Table 2.33.

Table 2.32. Feeder E off-peak load characteristics

Total load KW 1505

Total load kVAR 593.5

load PF 93.0%
Total load KVA 1617.8
Total KVA (peak load) 5627.4
Feeder Load Factor 47.5%
Total load as a % of peak load 28.7%

From case #0 and case #1 developed, the next set of cases model DER with either Volt-Var or a
combination of Volt-Var and Volt-Watt to evaluate which control function provides the most optimal
response. These cases are summarized in Table 2.33 for off-peak loading condition. plots the voltages for
each of the studied cases in Figure 2.23.
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Table 2.33. Cases description — off peak?*

kVAR
absorption
Total Gen at the
number Location Control Control outside Each PCC (set T;btesll)_rk\t?oAr?
of DER type description  0.95 pf Inverter KVA 1, set2, P
: e at the PCC
units limit set 3, set
4 and set
)
o 50 5 NA NA N/A N/A N/A N/A N/A
kVAR
&L upF 100% No 2020 "101-100-
600 1,2,4 98
#1 VAR 7 » -660
35 UPF 100% No 5555 -181,-180
Volt- 2% from 1.04 to
1 setl Var 1.06 No 2220 -174
Volt- 2% from 1.04 to
1 set2 Var 1.06 No 2216 -256
600 Volt- 2% from 1.04 to
#8 VAR 1 set3 Var 1.06 No 5466 -1012 -2770
Volt- 2% from 1.04 to
1 set 4 Var 106 No 2184 -440
Volt- 2% from 1.04 to
1 set5 Var 1.06 No 5489 -888
Volt-
Var 2% from 1.04 to
1 setl and  1.06 and 3% from No 2220 -174
Volt- 1.06 t0 1.09
Watt
Volt-
600 Var 2% from 1.04 to
#13 KVAR 1 set2 and  1.06 and 3% from No 2216 -256 -2770
Volt- 1.06 t0 1.09
Watt
Volt-
Var 2% from 1.04 to
1 set3 and  1.06 and 3% from No 5466 -1012
Volt- 1.06 t0 1.09
Watt

2 Volt-Var control was modeled with “vars precedence over watts”
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kVAR
absorption
Total Gen at the
Case Cans number Location Control Control outside Each PCC (set T;t:i)_rk\t?oArlf
# S ofDER type descripton  0.95pf Inverter KVA 1, set2, iy
: e at the PCC
units limit set 3, set
4 and set
)
Volt-
Var 2% from 1.04 to
1 set4 and  1.06 and 3% from No 2184 -440
Volt- 1.06 t0 1.09
Watt
Volt-
Var 2% from 1.04 to
1 setb5 and  1.06 and 3% from No 5489 -888
Volt- 1.06 t0 1.09
Watt
Volt- 2% from 1.04 to
1 set1l Var 1.06 No 2220 -183
Volt- 2% from 1.04 to
600 1 set 2 Var 1.06 No 2216 -261
kVAR
- 0,
w4 1 set Volb 2%fromlOdto 5466 1018 2803
Var 1.06
2800
- 0,
kVAR 1 setd Volt 2% from 1.04 to No 2184 444
Var 1.06
Volt- 2% from 1.04 to
1 seth Var 1.06 No 5464 -897
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Figure 2.23.Feeder E Nodal Voltages — off peak
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If DER were to interconnect following existing guidelines requiring interconnection at UPF, case #1 results
indicate nodal voltages would be as high as 1.065 pu. Case #8 with Volt-Var control mitigate overvoltages
seen in Case #1. The DER consume a total of ~2800 kVAR requiring reactive power compensation to
compensate for the additional reactive power consumption from the transmission system. Case #14
modeled new shunt capacitors in case #8 to compensate for reactive power consumption from the
transmission system. The shunt capacitors were modeled at locations where both SC MVA and system X/R
ratio was higher. This ensured voltages were not negatively impacted by the addition of shunt capacitors.

As shown in the voltage chart above, the middle of the feeder has a slight voltage decrease. Having a large
DER at the end of the feeder may require the compensating capacitor(s) to be located at other feeder
locations than at the feeder head. It may cause other issues to provide significant reactive power at the
feeder head because of transferring the power, interactions with the intermediate DER, or line segment
loading along the feeder. These additional aspects were not included in this study.

2.3.5.2 Shoulder Peak Load Study Results

Feeder E was later studied for shoulder peak loading conditions. This analysis was carried out to verify if
the control selected for the off-peak loading condition also worked for the shoulder peak loading condition.
The feeder shoulder peak loading characteristics are shown in Table 2.34.
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Table 2.34. Feeder E should peak load characteristics

Total load KW 3357.4
Total load kVAR 1148.2
load PF 94.6%
Total load KVA 3548.3
Total KVA (peak load) 5627.4
Total load as a % of peak load 63.1%

Table 2.35 Case description - shoulder peak?

kVAR
absorption
Gen at the
Location Control Control outside Each PCC (set aTbostg:_lt(i\c:I::t
type description 0.95pf Inverter KVA 1, set?2, P
e the PCC
[imit set 3, set
4 and set
5)
1200
#0 VAR 0 N/A N/A N/A N/A N/A N/A N/A
-101,-
setl,2,4 UPF 100% No 2222
100,-98
#1 1200 7 -660
kVAR
set 3,5 UPF 100% No 5555 -181,-180
0,
1 setl  Voltvar 2efomLo4 2216 255
to 1.06
0,
1 set2  Voltvar 2efrom1o4 2212 299
to 1.06
1200 2% from 1.04
#8 VAR 1 set 3 Volt-Var 10106 No 5455 -1051 -3008
0,
1 setd  Voltvar 2efomLo4 2179 458
to 1.06
0,
1 set5  Voltvar 2efom1o4 5477 945
to 1.06
Volt-Var 2% from 1.04
1200 and to 1.06 and
#13 WAR 1 setl Volt- 39 from 1.06 No 2216 -255 -3008

Watt to 1.09

% Volt-Var control was modeled with “vars precedence over watts”
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kVAR
absorption
Total Gen at the
Case number Control outside Each PCC (set

Total_kVAR
absorption at
the PCC

g of DER RGN description 0.95pf Inverter KVA 1, set2,

units [imit set 3, set
4 and set
)

#

Volt-Var 2% from 1.04
and to 1.06 and

1 set 2 Volt- 3% from 1.06 No 2212 -299
Watt to 1.09
Volt-Var 2% from 1.04
and to 1.06 and
1 set 3 Volt- 3% from 1.06 No 5455 -1051
Watt to 1.09
Volt-Var 2% from 1.04
and to 1.06 and
1 set 4 Volt- 3% from 1.06 No 2179 -458
Watt to 1.09
Volt-Var 2% from 1.04
and to 1.06 and
1 seth Volt- 3% from 1.06 No 5477 -945
Watt to 1.09
0,
1 setl  Volt-Var “’tgolmoé'o“ No 2216 265
0,
1200 1 set 2 Volt-Var 2 /Otgolnz)é 04 No 2212 -306
KVAR .
#14 , 1 set3  Volt-Var Zﬁ’tg"lngé'o"' No 5453 -1059 -3046
3000 '
0,
KVAR 4 set4  Volt-Var “’tgolmoé'o“ No 2178 462
0,
1 set5  Volt-Var “’tg"l”gé'o"' No 5475 954

As in the off-peak case, a “current system base case” was created for shoulder existing system topology
(no DER with smart inverter capability modeled). A “base case with smart inverter capability enabled DERs”
was created which modeled 17.76 MVA of DER at UPF. These cases are referred to as case #0 and case
#1 respectively. The next set of cases model DER with either Volt-Var or a combination of Volt-Var and
Volt-Watt to evaluate the control function selected for off-peak also worked for shoulder peak. Figure 2.25
plots the voltages for each of the studied cases in Table 2.35.
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Figure 2.24. Feeder E Nodal voltages - shoulder peak
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Based on the plots in Figure 2.24, the control functions that work for off-peak conditions would also work
for shoulder peak conditions. It should be noted that shoulder peak case has a slightly higher reactive power
requirement than the off-peak case. This is a concern because this implies that the DER would consume
reactive power much of the time and the reactive compensation will be connected for extended periods.
The potential of higher absorption for longer periods creates more concerns for feeder voltage management
and should be investigated further if this condition could be likely.

2.3.6 Feeder F Overview

The feeder layout is shown in Figure 2.25. Much of the backbone consists of size 477 MCM conductor. The
feeder has four cap banks (highlighted with blue marker in Figure 2.25) rated 600 kVAR each. The feeder
currently has no existing generation. The feeder models a line regulator with a 125 V voltage setpoint, and
operating mode set to “bi-directional”. To evaluate active/reactive power controls, feeder F modeled a total
of 17.76 MVA of DER with smart inverter capability (highlighted with green markers in Figure 2.25). The
DER are added at locations to cover the length of the feeder and where maximum voltage change is
expected. As per Duke’s interconnection guidelines, generation can interconnect between the source and
the first line regulator.
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Figure 2.25. Feeder F layout

Table 2.36. Feeder F generation modeling

Existing generation 0 KVA

Generation with smart inverter capability modeled in set 1 11.11 MVA
Generation with smart inverter capability modeled in set 2 2.22 MVA
Generation with smart inverter capability modeled in set 3 2.22 MVA
Generation with smart inverter capability modeled in set 4 2.22 MVA

A “current system base case” was created which represented the existing system topology (no DER with
smart inverter capability modeled). A “base case with smart inverter capability enabled DERs” was created
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which modeled 17.76 MVA of DER at UPF. These cases are referred to as case #0 and case #1
respectively. dV/dP and dV/dQ response curves were computed under shoulder peak conditions as
shoulder peak represented higher system voltages than off-peak. Figure 2.26 and Table 2.37 show the
response curves and feeder characteristics for Feeder F under shoulder peak conditions (see section
2.3.6.1 for more details on shoulder peak case modeling). There are two different sizes of DER and the
charts are formatted more for the 2 MW DER, so the reactive line for the 5 MW DER does not align with
the active power line.

Figure 2.26. Feeder F Response Curves — shoulder peak conditions
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Table 2.37. dV/dP and dV/dQ response curves and feeder characteristics

DER location — set 126 DER location - set 2 DER location — set 3
dv/dpP 0.98% 0.27% 0.36%
dv/dQ 1.58% 0.52% 0.30%
Qresp/Presp  1.62 1.95 0.85
SCMVA 80 88 109
XIR 4.25 4.39 3.34

The response curve slopes show that the SC MVA for all the three location sets is high indicating changes
in active power and reactive power will have less impact on nodal voltages. This is also represented by the
low response ratios. The 2 MW DER of set 3 does not even move the voltage ¥2%. This demonstrates that
even when adding 17.76 MVA of generation the voltage impacts are much less when the DER are located
close to the station. It reduces the voltage concerns, reduces the reactive power flow, and maintains the
normal station to load power flow direction. Although SC MVA for all three location sets is high, location

% Set 1 location has 5.55 MVA +/- 0.9 PF capability DER. The response curves were calculated for this configuration.

63

OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 11
Docket No. E-2, Sub 1276

Impact of Enabling Inverter Based Resource
Reactive Power Controls

set 1 and 2 have a high X/R ratio indicating the feeder is more sensitive to reactive power than active power.
Therefore, Volt-Var could work at these locations but would be limited up to 1.6% voltage change.

Additionally, at all location sets, the voltage exceeds 1.05 pu voltage at UPF, however the chart and

responses indicate that no single inverter can bring the node voltage within limit using only reactive power.
Therefore, the study would focus on controls that would reduce this voltage below 1.05 pu.

2.3.6.1 Shoulder Peak Load Study Results

Feeder F was studied for shoulder peak loading condition. The feeder shoulder peak loading characteristics
are shown in Table 2.38.

Table 2.38. Feeder F should peak load characteristics

Total load KW 4030.5
Total load KVAR 802.9

load PF 98.1%
Total load KVA 4110.4
Total KVA (peak load) 6678.7
Feeder Load Factor 57.1%
Total load as a % of peak load 61.5%

A “current system base case” was created for shoulder existing system topology (no DER with smart
inverter capability modeled). A “base case with smart inverter capability enabled DERs” was created which
modeled 17.76 MVA of DER at UPF. These cases are referred to as case #0 and case #1 respectively. The
next set of cases model DER with either Volt-Var to evaluate the control function for shoulder peak. Figure
2.27 plots the voltages for each of the studied cases in Table 2.39

Table 2.39 Case description - shoulder peak®”

kVAR
Gen absorption
Total Control Control outside Each at the Total_kVAR
Cases Caps Regulator  number of  Location tvoe descriotion 0.95 of Inverter PCC (set absorption
DER units P P 29 P KVA 1,set2,  atthe PCC
limit —
set 3,
set4)
N/A
600 -4, -3, -2 2 set 1 UPF UPF No 5555 -203,-203 -700
kVAR
1 set 2 UPF UPF No 2222 -98
1 set3 UPF UPF No 2222 -98

27 Volt-Var control was modeled with “vars precedence over watts”
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1 Set 4 UPF UPF No 2222 -98
600 -2,-1,0 2 set 1 Volt-Var 2% from No 5431 -1205,- -3982
kVAR 1.04 to 1.06 1205
1 set 2 Volt-Var 2% from No 2173 -496
1.04 to 1.06
1 set 3 Volt-Var 2% from No 2163 -589
1.04 to 1.06
1 Set 4 Volt-Var 2% from No 2177 -487
1.04 to 1.06
600 -2,-1,0 2 set 1 Volt-Var 2% from No 5426 -1232,- -4106
kVAR , 1.04 to 1.06 1232
I:\igg 1 set 2 Volt-Var 2% from No 2171 -508
1.04 to 1.06
1 set 3 Volt-Var 2% from No 2157 -620
1.04 to 1.06
1 Set 4 Volt-Var 2% from No 2174 -514
1.04 to 1.06
Figure 2.27. Feeder F Nodal voltages - shoulder peak
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If the DER were to interconnect following existing guidelines requiring interconnection at UPF, case #1
results indicate nodal voltages would be as high as 1.067 pu. Case #8 with Volt-Var control mitigates
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overvoltages seen in Case #1. Case #14 modeled new shunt capacitors in case #8 to compensate for
reactive power consumption from the transmission system. The shunt capacitors were modeled at locations
where both SC MVA and system X/R ratio was higher. This ensured voltages were not negatively impacted
by the addition of shunt capacitors.

Because of the bus regulation, past data indicates that the feeder head voltage is higher at shoulder load
than at off peak. This helps maintain the feeder load voltages closer to the same voltage, but it results in
more voltage violations under higher load conditions. Possibly peak load would require even more DER
reactive compensation.

The shoulder voltage profile requires more DER compensation than the off-peak case, nearly double. More
analysis and evaluation are required for such large DER reactive absorption at the DER and also the large
compensation that is required to balance the feeder at the station. Note that while active power was reduced
to provide the reactive power, all units remained above the rated active power for the 90% pf.

2.3.6.2 Off-Peak Load Study Results

Feeder F was studied for off-peak loading conditions. The feeder off-peak loading characteristics are shown
in Table 2.40.

Table 2.40. Feeder F off-peak load characteristics

Feeder load characteristics Value

Total load KW 517.4
Total load kVAR 135.9
load PF 96.7%
Total load KVA 535.0
Total KVA (peak load) 6678.7
Total load as a % of peak load 7.74%

From case #0 and case #1 developed, case #8 which models Volt-Var control is evaluated. These cases
are summarized in Table 2.41Error! Reference source not found. for off-peak loading condition. Figure
2.28 plots the voltages for each of the studied cases in Table 2.41.
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Table 2.41. Cases description — off peak?®

case
#0

case
#1

case
#8

case
#14

N/A

N/A

N/A

2000
kVAR

-1,0,1

-4,-3,-2

-4,-3,-2

-4,-3,-2

kVAR
absorptio  Total_kVA
Total . Control \ n at the R
number Locatio Control e .
descriptio Inverter PCC (set absorption
of DER n type .95 p 1 9 h
R , set 2, at the
set 3, PCC
set4)
0 N/A N/A N/A N/A N/A N/A N/A
2% from -203.-
2 set 1 Volt-Var 1.04 to No 5555 ;
203
1.06
2% from
1 set 2 Volt-Var 1.04 to No 2222 -101
1.06
2% from -709
(]
1 set 3 Volt-Var 1.04 to No 2222 -101
1.06
2% from
1 Set 4 Volt-Var 1.04 to No 2222 -101
1.06
2% from 790 -
2 set 1 Volt-Var 1.04 to No 5511 !
790
1.06
2% from
1 set 2 Volt-Var 1.04 to No 2215 -251
1.06
2% from -2087
(]
1 set 3 Volt-Var 1.04 to No 2222 -105
1.06
2% from
1 Set 4 Volt-Var 1.04 to No 2218 -151
1.06
2% from
2 set 1 Volt-Var 1.04 to No 5511 806,-806
1.06
2% from
1 set 2 Volt-Var 1.04 to No 2215 -259
1.06
2% from 2138
(]
1 set 3 Volt-Var 1.04 to No 2222 -106
1.06
2% from
1 Set 4 Volt-Var 1.04 to No 2218 -161
1.06

2 Volt-Var control was modeled with “vars precedence over watts”
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If DER were to interconnect following existing guidelines requiring interconnection at UPF, case #1 results
indicate nodal voltages would be just above 1.05 pu. Case #8 with Volt-Var control mitigate overvoltages
seen in Case #1. Although the response chart indicates that no inverter can bring the voltage within limit
using only reactive power, what is seen here is a combined impact. While no single DER can bring the
voltage down, the compound effect of all the units does control the voltage. This highlights the variation
between a study with multiple new DER added at once rather than an interconnection study that only
considers one new generator at the time. Both studies are helpful because one focuses on the impact of
one DER and one considers the impact over time of multiple DER.

Figure 2.28. Feeder F Nodal Voltages — off peak
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3. Conclusions

The studies were conducted on six indicative feeders, three feeders on the Duke Energy Carolina (DEC)
system and three feeders studied on the Duke Energy Progress (DEP) system. Each feeder was pushed
to a higher penetration level in order to get the voltage profile over 1.05 pu so the voltage control could be
tested. The study results indicate that, although Volt-Var control significantly improves voltages, it cannot
always be relied on as the only control to mitigate voltage issues under all loading conditions and all
penetration levels. Several controller variations were considered with the main constraints including the
reactive system response (dV/dQ), the normal and reduced voltage operating ranges for the Distribution
System Demand Reduction (DSDR) and voltage optimization systems, along with the desire to use reactive
power before actuating the volt-watt control. Multiple cases for each of the six feeders were modeled and
analyzed at off peak and shoulder load conditions, with sensitivities around some cases. The following
conclusions are derived from case studies and analysis:

1. Voltage Controller — Overall, the study results indicate a Volt-Var controller with 2% voltage slope
between 1.04-1.06 pu, in combination with a Volt-Watt controller with 3% voltage slope between
1.06-1.09 pu will reduce overvoltage conditions. The setpoints were chosen to give Volt-Var priority
over Volt-Watt and provide some coordination between the two controls. The goal was to reduce
active power after the reactive power was exhausted at 1.06 pu.

2. Category A or Category B - Given the only two choices in IEEE 1547-2018 of Category A and
Category B normal performance categories, Category A would provide limited voltage control. As
a general specification for the entire system, Category B provides the most flexibility and margin
for system changes over time.

3. Location of DER on Feeder - The results reiterated that DER near the station reduces the
voltage concerns, reduces the reactive power flow, reduces the inverter control and reactive
capability requirements, and maintains the normal station to load power flow direction.

4. Active and Reactive Power Response to Off Peak and Peak Load Conditions — TSRG
Stakeholders were interested in a comparison of active and reactive power response for load
variations. The results from Feeder B showed that the response levels were very similar and the
voltage change was very consistent across the load levels. This should be verified with more
feeders, but the general thought that the voltage response to power injections is rather consistent
between load levels still seems valid.

5. Persistence of the Voltage Increase - While only looking mainly at two load conditions, it seems
that once the voltage increases from DER interconnection, it remains elevated instead of
returning to a lower level as load increases. Given that the controls must be active in the range of
1.04 to 1.06 pu, then there tends to be reactive power absorption all the time.

6. Autonomous Versus Central Control of DERs - Management of dynamic sources and higher
levels of reactive power may not be possible with several local autonomous controls. Alternative
controls were not considered in this study, but two possible options are:

a. A centrally controlled voltage and reactive power management system; this would be
something like those functions included with a distribution management system.

b. Areference voltage (Vref) control that can adjust the setpoint to track along with the
inherent system voltage. The purpose of the tracking function would be to adjust the
setpoint so that compensation is not provided all the time.
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4. Recommended Next Steps

An important positive result from this initial study is that generally a 2% Volt-Var controller from set at 1.04-
1.06 pu reduces overvoltage conditions in many instances. However, as captured in the first conclusion of
Section 3, these settings alone may not eliminate overvoltage conditions at high DER penetration levels.
To further explore ways to integrate more DERs, and further explore many of the conclusions in 2-9 of
Section 3, Duke is prepared to work collaboratively with TSRG stakeholders on the following recommended
next steps:

e Present the findings and results of this study to the TSRG in second quarter of 2020

e Conduct time series power flow studies to look at system response over many hours

o  Work with TSRG stakeholders to identify a pilot DER site to implement the 2% Volt-Var controller
in first quarter 2021

e Further analyze the impact of Volt-Var on regulator settings and switched capacitor settings and
assess the ability of existing controls to work properly with reactive power injection from DER.

e Consider the impact of incremental DER interconnections in addition to the higher penetration
scenario

e Based on these results, consider other controls methods that could be effective (e.g. constant
power factor based on system response or reference voltage)

¢ Analyze substation transformer bank level studies in addition to feeder level impacts

o Consider stability impacts and interactions with other DER and voltage control devices

Duke is committed to working with the TSRG to implement 1547 2018 and taking full advantage of the
advanced smart controls features of the inverter based resources provided by IEEE 1547-2018. The
UL 1741 update is expected to be completed in late 2020 or early 2021. Once certification work is complete
and NRTL has tested and certified DER equipment as IEEE 1547 compliant, such equipment will be
available in the marketplace. Duke anticipates that it will take some time for IEEE, UL and NRTL to take
action. In the interim working with the TSRG to address the recommended steps above will put Duke in a
place to adopt many aspects of 1547-2018 while ensuring that the new technology does not have a negative
impact on reliability and safety of the distribution system.
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Appendix A. Glossary of Terms

Distributed Energy
Resource (DER)

Distributed Generation
(DG)

IEEE 1547 - 2018

KV

Load Tap Changer (LTC)
Power Factor (PF)

VAR

Voltage Control

Volts (V)

Volt-Var functionality

Volt-Watt functionality

A Distributed Energy Resource (DER) is any resource on the distribution
system that produces electricity and is not otherwise included in the
formal NERC definition of the Bulk Electric System (BES)

Distributed generation is the term used when electricity is generated from
sources, often renewable energy sources, near the point of use instead of
centralized generation sources from power plants2?

A standard of the Institute of Electrical and Electronics Engineers meant
to provide a set of criteria and requirements for the interconnection of
distributed generation resources into the power grid.

Kilo volts is unit for Voltage

A Load Tap Changer regulates the output voltage of a transformer by
altering the number of turns in one winding and thereby changing the
turns ratio of the transformer.

The ratio of real power in the electric circuit to the apparent power
(Voltage multiplied by Current)

Kvar is unit for Reactive Power

Control of voltage in the distribution system downstream from substation
transformers using hardware and software in order to accomplish
something

This is unit of Voltage

Management of system-wide voltage levels and reactive power flow to
achieve efficient distribution grid operation.

Management of system-wide voltage levels and active power flow to
achieve efficient distribution grid operation.

» https://www.energy.gov/eere/slsc/renewable-energy-distributed-generation-policies-and-programs
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DEC Duke Energy Carolinas

DEP Duke Energy Progress

NREL National Renewable Energy Laboratory
PV photovoltaic

WIND Wind Integration National Dataset
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OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 16
Docket No. E-2, Sub 1276

Foreword

This report covers the results of a preliminary phase 1 analysis conducted by the National
Renewable Energy Laboratory (NREL) with Duke Energy, who funded this work and whose
expertise, specialist knowledge, and diligence has helped guide the process. This initial effort is a
net load analysis which compares estimated hourly solar, wind, net load, and system minimum
generation time series for different scenarios. It aims primarily to set up a baseline for more
detailed modeling as part of a larger effort between Duke Energy and NREL expected to last
multiple years. The full analysis will provide a broader insight into the costs, challenges, and
opportunities of renewable energy integration in the Duke Energy service territory in the
Carolinas. This report and the full analysis are not financial plans and are not intended to replace
Duke Energy’s integrated resource planning process. Rather, they examine the operational
considerations of integrating additional carbon-free resources onto the Duke Energy Carolinas
and Duke Energy Progress system.

iv

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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Executive Summary

This report presents a net load analysis, geospatial analysis, and a web application for the Duke
Energy Carbon-Free Resource Integration Study. In this collaborative engagement, the National
Renewable Energy Laboratory (NREL) provides research support to Duke Energy to analyze the
impacts of integrating significant amounts of new solar photovoltaic (PV) power into its service
territory under a variety of scenarios. This analysis covers Duke Energy’s territories in North
Carolina and South Carolina, including two balancing authorities—Duke Energy Progress (DEP)
and Duke Energy Carolinas (DEC)—with detailed assessments and discussions of the operations
of the existing fleet, particularly nuclear generation, under high-penetration scenarios of solar
PV. In addition to quantifying the solar potential, NREL is working with Duke Energy to
identify possible opportunities for wind, storage, demand-side resources, and other technologies.

Scenario Analysis

This analysis looks at a variety of solar power penetration levels in Duke Energy’s service
territory in the Carolinas—compared to load and system-wide minimum generation levels—that
best represent potential challenges and opportunities for renewable generation integration. An
example of this includes an analysis of balancing solar and load for typical days during different
seasons and extreme days, such as minimum and peak net load days. Net load is defined as the
customer load less wind power and solar power generation. This analysis is performed by
comparing estimated hourly solar, wind, net load, and system minimum generation time series
for the different scenarios. The overall aim is to help Duke Energy understand initial estimates of
possible curtailment, key periods of ramping, and load-following requirements. Further, this
analysis captures net load impacts across different seasons and operational issues related to
generation flexibility limit during periods of low load with high penetrations of solar energy.

Key Findings

Table ES-1 shows the results of the annual metrics, including annual percentage of load met by
carbon-free generation, annual percentage of curtailed energy, annual hours of curtailment, and
annual maximum instantaneous curtailment for all scenarios. For scenarios 1 through 11, both
balancing authorities (DEC and DEP) are modeled as a single region, whereas Scenario 12
models DEP and DEC separately with an interconnection limit between them.

In scenarios 1 through 7, as solar energy penetration increases, the percentage of load met by
carbon-free generation increases, until the flexibility limit is reached, when PV production must
be curtailed, and additional solar power has a marginal impact. The average annual percentage of
load met by carbon-free generation ranges from 60% to 77%, for these aforementioned
scenarios, as shown in Table ES-1. As the PV penetration level increases, the marginal
contribution to carbon-free generation suffers diminishing returns, due to the inability to shift the
timing of PV generation to match the early and late hour net demand, especially from 20%
through 35% PV energy penetration.
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Table ES-1. Annual Metrics Evaluation for All Scenarios in the Net Load Analysis

D%‘;acnd Annual Load Annual Annual
Modeled Met by Curtailed Annual Maximum
Scenario odele Definition Carbon-Free Hours of Instantaneous
asa : Renewable . ;
. Generation 5 Curtailment Curtailment
Single (%) Energy (%) (MW)
Region or
Separately
. 4,109 MW, 5.5%
1. Solarenergy | Single | ) solar is 60.4% 0% 6 530
penetration 5% region
rooftop
2. Solar energy Single 8,219 MW, 5.5%
penetration re igon of total solar is 65.5% 1% 179 3,323
10% 9 rooftop
3. Solar energy Single 12,328 MW, 5.5%
penetration re igon of total solar is 69.7% 8% 882 6,618
15% 9 rooftop
4. Solar energy Single 16,438 MW, 5.5%
penetration 9 of total solar is 72.5% 17% 1,506 10,003
20% reglon rooftop
5. Solar energy Single 20,547 MW, 5.5%
penetration 9 of total solar is 74.4% 27% 2,016 13,504
25% region rooftop
6. Solar energy Single 24,656 MW, 5.5%
penetration 9 of total solar is 75.6% 35% 2,355 17,207
30% region rooftop
7. Solar energy Single 28,766 MW, 5.5%
penetration 9 of total solar is 76.5% 42% 2,587 20,909
35% region rooftop
Based on the
8. Higher ratio 25% solar energy
of distributed to Single penetration
utility solar re igon scenario, 18.91% 74.4% 27% 2,017 13,548
added to the 9 of PV is
system uncurtailable
rooftop
Vi
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DEP and Annual Load Annual
DEC Annual .
Modeled Met by Curtailed Annual Maximum
Scenario odele Definition Carbon-Free Hours of Instantaneous
asa : Renewable . )
. Generation 5 Curtailment Curtailment
Single (%) Energy (%) (MW)
Region or
Separately
Based on the
25% solar energy
penetration
scenario, addition
9. Additional Single of 1,000 MW of 4- 77.1% 12% 1,239 11,073
storage reqion hour storage,
9 1,000 MW of 6-
hour storage, and
2,000 MW of 8-
hour storage
Based on the
25% solar energy
10: Nuclear Sln_gle penetrgtlon 70.2% 22% 1,804 12,551
retirement region scenario, assume
a 10% nuclear
reduction
Based on the
30% solar energy
1 datoral | g | Bereteton
wind energy at 9 e o 79.4% 32% 2,486 17,486
o . region additional 5%
5% penetration X
wind energy
penetration is
added
12-DEC 5% | ccearaie | Based on 70% 0% 5 246
regions scenarios 1-3
Separate | inclusive, DEP
12—DEC 10% regions and DEC are 75% 1% 213 1,886
Separate | analyzed
12—DEC 15% regions separately with 80% 7% 912 3,418
Separate | an
12—DEP 5% regions oo 50% 0% 5] 246
limit between
12—DEP 10% Sr:gfgﬁ;e 54% 1% 205 1,600
Separate
12—DEP 15% regions 58% 10% 905 3,418

For scenarios 2 through 7 (solar energy penetration levels of 10% to 35% inclusive), analysis
shows that the annual percentage curtailment ranges from 1% to 42% of total solar energy as PV
penetration increases from 10% to 35%. The majority of the solar energy curtailment occurs during
the spring and fall seasons, which are characterized with low load and high renewable energy
production. Also, Scenario 7, which has a solar energy penetration level of 35% and models both
balancing authorities as one region, experienced the highest maximum instantaneous curtailment
and hours of curtailment: 20,909 MW and 2,587 hours, respectively.
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The increased proportion of private solar PV analyzed in Scenario 8 does not materially affect
the curtailment required. This does not infer that significant amount of rooftop will have no
impact on system balancing. Given the assumptions of this study, with increasing penetration of
rooftop solar from 5.5% of the total to 18.9% of the total, there is still sufficient curtailable solar
to balance load and generation. Annual curtailment is 33% of utility solar and 27% of the total
solar, which is the same as the baseline in Scenario 5.

The additional storage (26,000 MWh)* modeled in Scenario 9 results in a 3% increase in the
amount of load met by carbon-free generation compared with the baseline in Scenario 5, which
has 25% PV penetration. Also, the percentage of renewable energy curtailed decreases by 15%,
whereas the 10% nuclear retirement scenario leads to a 4% decrease in the amount of load met
by carbon-free generation and curtailed solar energy.

Further, the addition of 5% wind energy penetration to 30% solar energy in Scenario 11 results
in a 2% increase in carbon-free energy production compared with the 35% solar energy
penetration case. Also, the renewable energy curtailed decreases by 10% of the total renewable
energy production. Thus, this shows that a balanced mix of renewable resources might reduce
curtailment and the overall system cost compared to a similar penetration of PVV-only generation

When DEC and DEP are modeled as individual balancing authorities with existing limited
interconnection between them, Scenario 12 shows that DEP experiences a lower average
percentage of load met by carbon-free generation, ranging from 50% to 58%, compared to DEC,
which ranges from 70% to 80%. A production cost optimization would enable simulation of the
interconnection and other transmission constraints in a more realistic manner.

Figure ES-1 (below) shows the annual contribution to carbon-free energy from all the scenarios
considered in this study. The largest contribution resource to carbon-free energy is the nuclear
power plant, followed by the increasing penetration of PV. Also, Figure ES-1 shows the impact
of resource diversity with wind integration in the amount of carbon-free energy contribution with
DEP and DEC modeled as a single balancing authority. Scenario 11, with 30% PV and 5% wind
energy penetration, results in the highest contribution: 79%.

Another important metric used to assess the diminishing returns of increasing levels of variable
generation resources added to the system is marginal curtailment.? As PV penetration levels
increase, marginal curtailment increases more rapidly than total curtailment, as shown in Figure
ES-2. This indicates that an increasing proportion of solar energy capacity will be curtailed as the
system approaches high penetration levels of variable solar generation without adding sufficient
system flexibility; however, solutions such as the addition of storage and wind power instead of
additional solar power result in the marginal curtailment being reduced, as shown in Figure ES-2.

! This study did not consider the value stacking of storage units (i.e., using storage for other ancillary services, such as
frequency regulation, voltage support, spinning and nonspinning reserves); therefore, the load-shifting and flexibility
benefit presented in this report cannot be used solely for the economic assessment of storage deployment in the grid.

2 The marginal curtailment rate refers to the curtailment from an additional unit of variable generation capacity
added to the system. For example, when increasing the variable generation penetration level from 10% to 15%, the
marginal curtailment is the curtailment rate of the additional 5% of variable generation.
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Figure ES-1. Percentage of annual carbon-free energy and contribution from each energy
resource with increasing PV penetration, generation retirement, storage, and wind integration
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Figure ES-2. Marginal and total curtailment with increasing PV penetration, generation retirement,
storage, and wind integration

Conclusions

The results and analysis of Phase 1 of the Carbon-Free Resource Integration Study presented in
this report will help NREL and Duke Energy scope future work in this area to examine and
address the identified grid integration challenges in greater technical detail. Further analysis with
more advanced models—such as unit commitment and economic dispatch, capacity expansion
planning, and dynamic analysis models—will be required to more fully assess system impacts
with increasing variable generation penetration levels as well as flexibility opportunities to
accommodate variable renewable energy sources to achieve the carbon-free goals of Duke
Energy.

X

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 16
Docket No. E-2, Sub 1276

Table of Contents

T INErOAUCTION ... n e na e 1
2 Characterizing the Net Load...........cccciiiiiiiiiceciirrs s ssscssssess e s s s s e e s e s s ss s sssme s e e s ss s s s smnme s e nesessnssannns 4
B S o= T 1y Lo TN 4 F= £ T SR 5
3.1 Scenarios 1-7: 5%-35% Solar Energy Penetration.............ccocuviririnrenieieeiieisese s 5
3.2 Scenario 8: Increased Proportion of Distributed Solar ENergy ..........cccoovevvevevvevein s 13
3.3 Scenario 9: Additional Storage Capabilities .........ccccoveiveiiiiiiee e 15
3.4 Scenario 10: Generation RELIFEMENT ........cccveiiiiiei it ee e 16
3.5 Scenario 11: Additional Wind Energy Penetration ...........cccoceeeeieieiiiiesie e 17

3.6 Scenario 12: DEC and DEP Modeled as Individual Balancing Authorities with a Limited
gL =T olo] o] T<Tod 1 To] o TSRS 19
R € 1Yo =y o Y- 1 - N =12 SO 24
LS 0 o o Vo ¥ 1= 1'c Y o 1 26
LY =1 =1 3 Yo7 3P RPRPRS 28
N o 7= T G 29
Yot oS SO SPR 37
Scenario 8: 25% PV Penetration and Increased Proportion of Distributed Solar.............ccccccoevvvennee. 56
Scenario 9: 25% PV Penetration and Additional StOrage ............ccoovverereieicicieiseeseseeeeea 59
Scenario 10: 25% PV Penetration and Generation Retirement ............cccccveveveieevece e 62
Scenario 11: 30% PV and 5% Wind Penetration ...........ccceveiviiieiieiieie e 66

Scenario 12: DEC and DEP Modeled as Separate Balancing Authorities with 5%, 10%, and
15% PV PENEIIALION .....oei et et e e be et e st e s ne e s nee e nte e be e sreesneesnneenes 70
O80T Uod ) Y - T (0] £SO 90
o] 101 o) S 91
Y =T o T TSP U P U PTUPTPPRO 92
i

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 16
Docket No. E-2, Sub 1276

List of Figures

Figure ES-1. Percentage of annual carbon-free energy and contribution from each energy resource with

increasing PV penetration, generation retirement, storage, and wind integration .................. iX
Figure ES-2. Marginal and total curtailment with increasing PV penetration, generation retirement,

storage, and Wind INTEGIatioN ..........coiveiiiiee e sre e e X
Figure 1. Solar energy resource in the Carolinas regiON ..........c.ooiiieriereiie et nee 1
Figure 2. Average net load for all SCeNarios fOr SPriNg.........cocveoiiiereriiiie e 6
Figure 3. Minimum net load day for spring with 10% PV penetration...........cccccooeeeveininiinienene e 8
Figure 4. Minimum net load day for spring, the highest curtailment season, with 25% solar energy

0T T=] 1 = (o] PSSR 11
Figure 5. Max net load day for lowest curtailment season, summer, with 25% solar energy penetration.. 11
Figure 6. Annual load duration curves, load, and net load with 25% PV penetration.............cc.ccccerevennnn. 13
Figure 7. Minimum net load day with an increase in rooftop PV ... 14
Figure 8. Minimum net load day in winter with additional Storage............ccocverereieieinine e 15
Figure 9. Minimum net load day in winter without additional StOrage...........c.ccooervvereininiine e 16
Figure 10. Wind capacity factors in the Carolinas...........ccccoveieieeieiiie e 17
Figure 11. Minimum net load day in spring with 35% PV energy penetration ............ccccceeveveeveieseesnenne. 18
Figure 12. Minimum net load day in spring with 30% PV plus 5% wind energy penetration ................... 19
Figure 13. Low net load day for the DEP balancing authority with 10% PV penetration in spring........... 21
Figure 14. Low net load day for the DEC balancing authority with 10% PV penetration in spring .......... 21
Figure 15. Low net load day with 10% PV penetration in spring when the Duke Carolinas territory is

modeled with unlimited transmission capabilities ...........ccocvvviiiiieiiici 22
Figure 16. DEC and DEP load duration curves at 15% PV penetration ............ccccceveveiveeneieevesesee e 22
Figure 17. Load duration curve of the Duke Carolinas region modeled as one balancing area at 15% PV

PENEITALION. ...ttt bbbttt b bbb e 23
Figure 18. Multiyear mean CapacCity TaCLOrS........ccoiiiiiie it 24
Figure 19. Screenshot of geospatial Web appliCation...........cccceveiiiiiii i 25

xii

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 16
Docket No. E-2, Sub 1276

List of Tables

Table ES-1. Annual Metrics Evaluation for All Scenarios in the Net Load Analysis..........c.ccocvviinenennns vi
Table 1. Scenarios for Net Load ANAIYSIS .......ccoiiiiieeee et eeas 3
Table 2. PV Capacities for Penetration Levels Defined by Scenarios 1—7 .......ccccccvveveviiieencie e 6
Table 3. Average Seasonal Percentage of Load Met by Carbon-Free Generation for Each Scenario.......... 7
Table 4. Average Percentage Curtailed ENEIQY ......ccooeoiriiiiei e 9
Table 5. Hours of Curtailment PEr SEASON..........ccueiiiieieie ettt eseesaeenee e 10
Table 6. Percentage Marginal CurtailMent ............ccooiiiiiiiiiie s 12
Table 7. Comparison of Curtailment of the System Modeled With and Without Transmission

[T g1 =LA o 3RS 20
Table 8. Assumptions and Definitions for the Net Load ANaIYSIS ........ccooviiririiiieiiinsesese e 29
Table 9. Scalars Used to Calculate PV Penetration ............cocooeiiiiiiieisinise e 30
Table 10. Hydropower units corresponding to €aCh FEQION .........cceevviiieiiieii i 31
Table 11. Equations to Calculate Load Transfer from DEC t0 DEP ..........cccccocivveiiiiiiiiece e 32
Table 12. SEaS0N AEFiNITIONS ........ciiiieiicice e sre et re e e e re e e e saesreenaenae s 35
Table 13. Maximum instantaneous curtailment of each season (MW)........cccccieiiiiiiiiieic e 35
Table 14. Maximum up ramp of each sason (MW/N) ... e 35
Table 15. Maximum down ramp of each 5eason (MW/N) ........ccccoiiiiiiiiniee s 36

xiii

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 16
Docket No. E-2, Sub 1276

1 Introduction

Duke Energy is one of the largest electric power holding companies in the United States. It has
more than 30,000 distributed energy resource facilities, with a combined capacity of more than
3,700 MW operating across all Duke Energy jurisdictions. More than 90% of this capacity is in
the Carolinas, where more than 16,000 distributed energy resource sites generate more than
3,200 MW on the transmission and distribution systems, making the Duke Carolinas a national
leader for integrating utility-scale solar generation. Duke Energy continues to strengthen its
commitment toward carbon-free electricity generation, and during the next several years the
capacity of solar generation across Duke Energy is expected to at least double. The
incentivization of commercial solar by Duke Energy coupled with the recently launched proposal
for 6800 MW under the North Carolina House Bill 589, as well as plans to add 700 MW of solar
facilities in Florida, continue to drive the rapid adoption of solar generation across Duke
Energy’s service territory (Duke Energy, 2018).

Figure 1. Solar energy resource in the Carolinas region

Duke Energy is seeking to analyze the impacts of integrating significant amounts of new carbon-
free power sources into the Duke Energy power system under a variety of penetrations levels.
This report focuses on investigating the addition of solar power along with understanding how
the integration of variable generation sources, especially at high penetration levels, comes with
potential challenges to reliable power system operations. The variability and uncertainty of
renewable energy sources are two major constraints to integrating them into the power system. In
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power network operations, generation planners will always need to ensure that there is enough
capacity to serve load at any given time. Characterizing variable generation resources in planning
operations becomes a challenge because of their tendency to disrupt the balance of the generation
portfolio. Consequently, thermal and hydro generators are operated differently to accommodate
the variability and uncertainty of renewable electricity generators (Lew, 2013).

Additionally, the integration of variable and uncertain power generation from wind and solar
units at high penetration levels introduces another pivotal variable: net load (normal load less
wind power and solar power). This creates a new set of requirements for integrated and reliable
power system planning operations. The net load variability has created a further need to evaluate
system flexibility because of its impacts on system operating costs. The ability of the power
system to integrate additional renewable resources is largely a function of its flexibility, which is
chiefly driven by the ability of individual plants to change their output to serve these variations

in net electricity consumption (Ela, 2014). The key to managing the variability and uncertainty of
variable generation sources is to increase the system-wide flexibility in the power system (Mali,
etal., 2012).

Duke Energy is committed to creating a carbon-free power system of the future. Currently, the
large nuclear fleet contributes to load greatly as carbon-free generation. With the current cost of
solar power, it makes sense to investigate increasing solar power capacity to meet higher carbon-
free goals. This will likely increase the requirement for Duke’s thermal generation sources to be
flexible, which will be limited by their nuclear power plants, which typically run only at full
output. A detailed understanding of power system flexibility characteristics has become critical
because high levels of variable generation will have significant impacts on the operation of the
traditional thermal generation fleet.

This report analyzes the net load and presents the impact of high penetration levels of variable
generation on the operation of Duke Energy’s power system given the flexibility limits set by a
combination of the must-run units, hydro schedules, nuclear generators, and storage. These limits
dictate curtailing excess solar power during times when there is a greater amount of solar
photovoltaic (PV) generation than can be accommodated.

To contextualize subsequent discussions in this report, it is important to define variable
generation penetration levels. One power-based definition considers the ratio of variable
generation nameplate capacity to system peak load. The definition of penetration level by energy
often estimates the amount of renewable energy (pre-curtailment) injected into the grid during a
period of time and helps to quantify the amount of displaced fossil-fueled generation, fuel
consumption savings, and avoided carbon emissions. The energy-based definition is useful when
considering very large systems and long time frames, and it has been adopted in many renewable
portfolio standards (Bebic, 2008). Therefore, the analysis presented in this report uses the
energy-based definition of penetration level on an annual basis.

In scoping Phase 1 of this collaborative engagement, the National Renewable Energy Laboratory
(NREL), in consultation with Duke Energy, designed the scenarios to be considered, as shown in
Table 1. These scenarios are analyzed and documented in this report. Note that the penetration
levels used in naming the scenarios are approximate numbers based on annual energy before
curtailment.
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Table 1. Scenarios for Net Load Analysis

Scenario

Definition

—_

. Solar energy penetration 5%

4,109 MW, 5.5% of total solar is rooftop

2. Solar energy penetration 10% 8,219 MW, 5.5% of total solar is rooftop

3. Solar energy penetration 15% 12,328 MW, 5.5% of total solar is rooftop
4. Solar energy penetration 20% 16,438 MW, 5.5% of total solar is rooftop
5. Solar energy penetration 25% 20,547 MW, 5.5% of total solar is rooftop
6. Solar energy penetration 30% 24,656 MW, 5.5% of total solar is rooftop
7. Solar energy penetration 35% 28,766 MW, 5.5% of total solar is rooftop

8. Higher ratio of distributed to
utility solar added to the system

Based on the 25% solar energy penetration scenario, 18.91% of PV
is uncurtailable rooftop

9. Additional storage

Based on the 25% solar energy penetration scenario, addition of
1,000 MW of 4-hour storage, 1,000 MW of 6-hour storage, and
2,000 MW of 8-hour storage

10. Nuclear retirement

Based on the 25% solar energy penetration scenario, assumes a
10% nuclear reduction

11. Additional wind energy
penetration 5%

Based on the 30% solar energy penetration scenario, an additional
5% wind energy penetration is added

12. Scenarios 1-3 modeled with
two balancing authorities

Based on scenarios 1-3 inclusive, DEP and DEC are analyzed
separately with an interconnection limit between, defined in the
appendix

This report examines the amount of renewable energy curtailment as well as the particular hours
of curtailment for these scenarios. This report also presents an evaluation of the daily percentage
of carbon-free generation from carbon-free plants.

Note that there are some limitations to the net load analysis presented in this report. This analysis
does not include unit commitment and economic dispatch models; interconnection to neighbors;
market models; system stability metrics such as voltage and/or frequency; or costs—all of which
would be essential in recommending a pathway to the future.

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.
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2 Characterizing the Net Load

As power system planning continues to move toward adopting an integrated planning approach
caused by increasing variable generation integration, it is now critical to begin characterizing the
net load. The net load—defined here as the total customer demand minus the variable
generation—gives the demand that must be met by traditional dispatchable generation. For this
analysis, solar PV is considered to be non-dispatchable, though the utility solar power can be
curtailed down. Therefore, its contribution to meeting reserve margins is quantified by how it
changes the net load.

The net load analysis can be of interest for several reasons, including:

e At high penetration levels, variable generation can cause a significant shift in the timing
of both the minimum and peak net load relative to the system or gross load, which can
impact the system generation scheduling, cost of generation, and daily unit commitment
and dispatch.

e During low-load conditions, which typically occur during the spring, high penetrations of
variable generation can violate the system flexibility limit and result in significant
integration issues. Consequently, during such periods renewable generation must be
curtailed, which can adversely impact variable generation project economics or
contractual arrangements with renewable generators.

e Net load analysis can be a useful tool in assessing power system flexibility in the
presence of varying penetration levels of variable generation. Because increasing variable
generation penetration levels can lead to increases in net load variability, and thus
required thermal unit ramp rates and ramping ranges, the need for the power system to
become more flexible increases. This scenario demands that conventional power plants
would need to change their output more frequently than traditionally. Situations when the
system flexibility requirements are not met could impact the reliable and economic
operations of the grid. Impacts could include variable generation curtailment, reserve
shortfalls, and potential frequency violations as a result of over- and undergeneration
(Milligan, 2015)

e Outputs from net load analysis such as maximum renewable curtailment and the number
of hours of curtailment are important metrics that can be used to evaluate system
flexibility. Detailed flexibility evaluation, however, requires further analysis using
different modeling methods, such as production cost modeling, capacity expansion
planning, and dynamic stability analysis.

4
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3 Scenario Analysis

This net load analysis covers the Duke Energy Carolinas (DEC) and Duke Energy Progress
(DEP) balancing authorities, with 2019 hourly forecasted load data supplied by Duke Energy.
Maintaining load and renewable resource coincident relationships is a primary consideration in
net load analysis and assessing its impact on the system operational requirements, such as
determining minimum generation levels (GE Energy, 2010). Spatial and temporal correlation of
the load and variable generation sources are needed to accurately reflect the underlying weather
patterns that drive both load and variable generation.

This report uses 2019 forecasted annual load and solar PV time-series profiles supplied by Duke
Energy and based on the same weather period to ensure that the solar profiles are synchronized
with the weather assumed in the load. For the net load analysis, thermal generation outside of
nuclear, hydropower, and must-run units is considered to be entirely flexible—i.e., there are no
constraints on minimum stable level, ramp rates, and outage rates. Rooftop solar is non-
curtailable, utility solar is curtailable, and the must-run units are used for local voltage
constraints. Table 8, in the appendix, shows a list of assumptions and definitions used for the net
load analysis.

The generation flexibility limit consists of nuclear, hydropower units, and must-run units, offset
by the hydropower pumped storage capacity (see Equation 1 in the appendix). Nuclear is
assumed to run at 100% capacity for this analysis. From the data supplied by Duke Energy, note
that the must-run units have hourly triggers and therefore could change intra-daily, whereas
hydro schedules vary monthly. This explains why the generation flexibility limit line could
change seasonally, and possibly daily, which is reflective of the inherent characteristics of the
must-run units and hydro capacity considered in this analysis. The renewable energy curtailment
per hour is the net load below the flexibility limit, which is calculated using Equation 2 in the
appendix. The daily percentage of carbon-free generation includes solar power, wind power,
hydropower, and nuclear (using storage), and it is calculated in Equation 3 in the appendix. The
presented maximum up-ramp and down-ramp times are based on the ending times of each ramp.

An analysis of the average, minimum, and maximum net load days is performed to illustrate the
varying impact of the net load variability across different seasons on key metrics, such as daily
percentage of carbon-free generation, percentage of curtailed energy, maximum instantaneous
curtailment, and hours of curtailment. The net load curves, as presented in this section, help
capture the net load demand that the system must meet in real time for reliable operation of the
grid.

3.1 Scenarios 1-7: 5%—-35% Solar Energy Penetration

Seven different levels of solar energy penetration are explored, beginning with 5% penetration
and increasing in 5% increments through 35% penetration. The solar output before curtailment is
the 2019 PV time series provided by Duke Energy scaled to the specified percentage of the total
load. The scalars used for each scenario are provided in Table 3 of the appendix and are
calculated using Equation 4. Higher penetrations of solar power are expected to experience
geographical smoothing, which the scalers do not account for and thus overestimate the
variability. Ramp rates for all the scenarios are calculated as the difference between the net load
at a given hour and the hour immediately prior.
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Solar PV capacities for each level of solar penetration are shown in Table 2.

Table 2. PV Capacities for Penetration Levels Defined by Scenarios 1-7

PV penetration in terms of annual | 5 10 15 20 25 30 35
energy before curtailment (%)
PV capacity (MW) 4,109 | 8,219 12,328 | 16,438 | 20,547 | 24,656 | 28,766

Average daily values for load, generation flexibility limit, rooftop, and all PV plants are
estimated across all seasons. Figure 2 shows these data for scenarios 1-7 in the spring season,
which has the highest curtailment. Graphs for the three remaining seasons are available in the
appendix. In low penetrations of PV, adding more PV increases the percentage of load met by
carbon-free generation until the flexibility limit is reached, at which point curtailment increases
and additional solar power has diminishing returns.

Figure 2. Average net load for all scenarios for spring

Annual average carbon-free generation ranges from 60% to 77% from the 5% PV penetration
case to the 35% case, respectively. Seasonal values are shown in Table 3.
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Table 3. Average Seasonal Percentage of Load Met by Carbon-Free Generation for Each Scenario

Scenario Spring Summer | Fall Winter Annual
1. Solar energy penetration 5% 69% 54% 65% 57% 60%
2. Solar energy penetration 10% 75% 59% 70% 61% 65%
3. Solar energy penetration 15% 80% 64% 74% 63% 70%
4. Solar energy penetration 20% 83% 68% 76% 65% 73%
5. Solar energy penetration 25% 84% 71% 78% 66% 74%
6. Solar energy penetration 30% 85% 73% 79% 67% 76%
7. Solar energy penetration 35% 86% 74% 80% 68% 7%
8. Increase proportion of distributed solar 84% 71% 78% 66% 74%
9. Additional storage 88% 73% 81% 68% 7%
10. Nuclear retirement 80% 67% 73% 62% 70%
11. Additional wind energy penetration 5% 90% 76% 83% 71% 79%
12. Two balancing authorities: DEC 5% 80% 61% 76% 66% 70%
12. Two balancing authorities: DEC 10% 87% 66% 82% 70% 75%
12. Two balancing authorities: DEC 15% 93% 71% 87% 73% 80%
12. Two balancing authorities: DEP 5% 56% 45% 53% 47% 50%
12. Two balancing authorities: DEP 10% 62% 50% 57% 50% 54%
12. Two balancing authorities: DEP 15% 65% 55% 60% 53% 58%

With the current flexibility limit, curtailment is necessary at PV penetration levels of 10% and
more. Duke Energy will first experience significant curtailment at the 10% PV penetration level,
at an annual average of 1.1%. Figure 3 shows a low net load day in spring, during which 20%
curtailment will occur. With 10% PV energy, 65% of the annual load is met by carbon-free
generation, indicating that in this case nearly 65% of energy from carbon-free sources could be
achieved before any curtailment is needed. In Scenario 12, where DEP and DEC are modeled
separately with a total PV penetration of 15%, DEC in spring achieves a carbon-free contribution
of more than 100%. This is because we assume that existing storage can charge with energy that
would otherwise be curtailed and then release the corresponding energy within the same day.
This value suggests that this operation would result in a surplus of generation.
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Figure 3. Minimum net load day for spring with 10% PV penetration

Annual percentage of curtailment ranges from 1.1% to 42% of total solar energy for scenarios 2—
7. Seasonal and annual percentages of curtailment are shown in Table 4, and hours of curtailment
are shown in Table 5. Seasonal maximum instantaneous curtailment is given in Table 13 in the
appendix. Generally, the highest curtailment occurs in spring and the lowest in summer.
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Table 4. Average Percentage Curtailed Energy

Scenario Spring Summer | Fall Winter Annual
1. Solar energy penetration 5% 0% 0% 0% 0% 0%
2. Solar energy penetration 10% 2% 0% 1% 2% 1%
3. Solar energy penetration 15% 12% 1% 10% 10% 8%
4. Solar energy penetration 20% 25% 4% 22% 22% 17%
5. Solar energy penetration 25% 36% 12% 32% 31% 27%
6. Solar energy penetration 30% 44% 21% 40% 39% 35%
7. Solar energy penetration 35% 50% 29% 46% 45% 42%
8. Increase proportion of distributed solar 36% 12% 32% 31% 27%
9. Additional storage 19% 2% 15% 14% 12%
10. Nuclear retirement 30% 8% 27% 26% 22%
11. Additional wind energy penetration 5% 40% 20% 36% 34% 32%
12. Two balancing authorities: DEC 5% 0% 0% 0% 0% 0%
12. Two balancing authorities: DEC 10% 2% 0% 1% 1% 1%
12. Two balancing authorities: DEC 15% 11% 1% 9% 10% 7%
12. Two balancing authorities: DEP 5% 0% 0% 0% 0% 0%
12. Two balancing authorities: DEP 10% 2% 0% 1% 1% 1%
12. Two balancing authorities: DEP 15% 15% 1% 13% 13% 10%
9
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Table 5. Hours of Curtailment per Season

Scenario Spring Summer | Fall Winter Annual
1. Solar energy penetration 5% 0 0 0 6 6

2. Solar energy penetration 10% 76 0 45 58 179
3. Solar energy penetration 15% 351 36 275 220 882
4. Solar energy penetration 20% 533 216 403 354 1,506
5. Solar energy penetration 25% 636 458 494 428 2,016
6. Solar energy penetration 30% 707 598 562 488 2,355
7. Solar energy penetration 35% 752 700 610 525 2,587
8. Increase proportion of distributed solar 634 454 496 433 2,017
9. Additional storage 484 136 341 278 1,239
10. Nuclear retirement 593 363 457 391 1,804
11. Additional wind energy penetration 5% | 746 650 584 506 2,486
12. Two balancing authorities: DEC 5% 0 0 0 5 5

12. Two balancing authorities: DEC 10% 91 2 54 66 213
12. Two balancing authorities: DEC 15% 358 53 278 223 912
12. Two balancing authorities: DEP 5% 0 0 0 5 5

12. Two balancing authorities: DEP 10% 90 1 51 63 205
12. Two balancing authorities: DEP 15% 361 45 282 217 905

In Duke Energy’s current system, low load days are important because of the lack of flexible
thermal generation that can be relied on to reduce power output, if needed. In the case of high
solar power penetration, such as the 25% case shown in Figure 4, the minimum net load days are
more important because the system becomes more sensitive to solar power forecasting errors and
causes greater ramps and variability. In this case, the average curtailment for this season is 25%;
however, this particular day shows a sunny low load day reaching 62.9% curtailment.

10

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 16
Docket No. E-2, Sub 1276

Figure 4. Minimum net load day for spring, the highest curtailment season, with 25% solar energy
penetration

At higher loads, such as the peak load day of summer, which has 25% PV penetration, shown in
Figure 5, flexible thermal generation needs to increase output, and therefore the system has a
greater ability to reduce generation to be replaced with solar power during the day, and less
curtailment is required. This is evident in Table 4, which shows that the curtailment during the
summer is the minimum of all the values of seasonal curtailment across all scenarios.

Figure 5. Max net load day for lowest curtailment season, summer, with 25% solar energy
penetration
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Marginal curtailment is defined as the percentage of the additional renewable energy that would
be curtailed as the penetration level is increased by 5% of the load. The curtailment of each
scenario is compared to that of the scenario with 5% less solar. Or, in the case of Scenario 11,
which has 5% wind and 30% solar penetration, the curtailment is compared to that of Scenario 6,
which has 30% solar. The marginal curtailment for all applicable scenarios is shown in Table 6.

Table 6. Percentage Marginal Curtailment

Scenario % Marginal Curtailment

2. Solar energy penetration 10% 2.2%
3. Solar energy penetration 15% 21.4%
4. Solar energy penetration 20% 46.3%
5. Solar energy penetration 25% 64.6%
6. Solar energy penetration 30% 76.7%
7. Solar energy penetration 35% 83.2%
9. Additional storage 4.3%
10. Nuclear retirement 41.0%
11. Additional wind energy penetration 5% 26.3%
12. Two balancing authorities: 10% penetration 2.5%
12. Two balancing authorities: 15% penetration 22.9%

The load duration curve can also be a useful tool to illustrate the impact of variable generation
penetration on the system peak and light loads. Load duration curves for the total system load
and net load with 25% PV penetration are shown in Figure 6. The annual peak load is
insignificantly reduced by the integration of solar PV because it occurs in winter before sunrise.
During certain periods (1,947 hours), however, this penetration level reduces the annual
minimum load to less than the minimum generation level set by the nuclear line. This implies
that as PV penetration increases, solar PV will start to offset baseload generation or must be
curtailed. This effect could vary based on the generation flexibility limit line imposed by the
must-run units, hydro schedules, and energy storage systems.
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Figure 6. Annual load duration curves, load, and net load with 25% PV penetration

3.2 Scenario 8: Increased Proportion of Distributed Solar Energy

A portion of the PV generation, rooftop PV, is not curtailable by Duke Energy. Scenario 8
examines a relatively high solar penetration scenario of 25%, with the maximum expected
proportion of the solar energy from rooftop solar. A model with such a large percentage of
rooftop PV for the 25% solar power penetration by energy case will improve understanding of
how the requirements for curtailment of additional PV might change with increased adoption of
behind-the-meter solar PV. The PV time series provided by Duke includes separate profiles for
rooftop and utility-scale solar energy, so the rooftop time series and utility time series are both
scaled to forecast a higher proportion of rooftop solar generation. The scalars and equations used
to calculate these profiles are shown in the appendix.

To capture an increase in rooftop PV by 2030, the maximum percentage of total solar PV that
might be rooftop PV was assumed to be 18.91%. This percentage was obtained using the NREL-
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developed standard scenarios of the U.S. power sector tool,® which models 42 different scenarios
to capture the impacts of fuel prices, demand growth, retirements, technology and financing
costs, transmission and resource restrictions, and policy considerations on possible power system
capacity expansion futures. The scenario predicting the largest ratio of rooftop solar to utility
solar in the Carolinas in 2030 accounts for extended lifetimes of current generation facilities.
This Extended Lifetimes Scenario assumes that coal power plant lifetimes are increased by 10
years, there are no retirements of underused coal power plants, and all nuclear power plants have
80-year lifetimes.

Using Scenario 5 (25% solar energy penetration) as a baseline, the effect of an increased
proportion of distributed PV energy to utility PV energy is modeled. The PV time series
corresponding to 25% solar penetration was scaled by the projected percentage of utility PV
energy and the percentage of distributed PV energy to calculate the two projected time series.

The analysis assumes that rooftop PV cannot be curtailed, so an increase in the percentage of
rooftop PV results in an increase in utility PV that must be curtailed. Comparing the results of
Scenario 8 to Scenario 5 (25% PV penetration) shows that 33.2% of utility solar would be
curtailed provided a maximum increase in the proportion of rooftop PV versus utility PV,
whereas 28.5% of utility PV would be curtailed if this proportion remains unchanged from the
assumptions used in scenarios 1-7.

Figure 7. Minimum net load day with an increase in rooftop PV

As shown in Figure 7, even with a maximum increase in rooftop PV to 18.91%, the difference
between load and solar as a result of rooftop generation never crosses the flexibility limit at 25%
solar penetration.

3 https://openei.org/apps/reeds/#
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3.3 Scenario 9: Additional Storage Capabilities

Scenario 9 captures the effect of an increase in storage with 25% solar energy penetration and
demonstrates how this additional technology resource might reduce the curtailment required in a
high solar penetration scenario. The hypothetical storage is charged entirely with surplus
renewable energy sources and is assumed to discharge throughout the remainder of the day with
a round-trip efficiency of 80%. The storage stores energy only during hours of surplus
generation. In addition to the existing storage consisting of 2,200 MW of pumped storage
hydropower, the additional storage modeled is 1,000 MW of 4-hour storage, 1,000 MW of 6-
hour storage, and 2,000 MW of 8-hour storage. This is a total of 26,000 MWh of storage.

The storage is given a hierarchy of use preferences: for each modeled day, the 8-hour storage is
used to capacity first, followed by the 6-hour storage, and finally the 4-hour storage is used. The
generation flexibility limit line is then adjusted to incorporate the additional used storage, and
curtailment is adjusted to fit the new flexibility limit.

The addition of such storage results in an improvement in the percentage of renewable energy
curtailed from 26.9% (Scenario 5) to 14.8%. The greatest improvement is seen in the winter,
during which time the curtailment decreases from 31.3% to 14%. The minimum net load day in
the winter of Scenario 9 is shown in Figure 6, and that of Scenario 5 is shown in Figure 9.

Figure 8. Minimum net load day in winter with additional storage

The additional storage modeled accounts for 7% of the load on this day. The annual contribution
to this additional storage amounts to 3.7% of annual load.
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Figure 9. Minimum net load day in winter without additional storage

The smallest impact occurs in the summer, with an improvement from 11.8% curtailment to
2.3%. For this analysis, storage is assumed to be used exclusively for load-shifting. In reality,
storage could also potentially provide ancillary services, such as regulation reserves, especially
in the summer seasons, when the load-shifting requirement is minimal. Further, if transmission
constraints were considered, the total contribution of storage to saving renewable energy
curtailment could be higher.

In this model, energy storage devices are charging only during times of overgeneration. The
additional storage modeled results in an annual average of 77% carbon-free energy, whereas the
carbon-free percentage of Scenario 5 is 74%. The additional storage yields a greater percentage
of the carbon-free energy resource than that of Scenario 7, the 35% solar energy penetration
model (77%).

Further analysis should examine a unit commitment and economic dispatch model, which could
help understand the most economical and effective storage solutions to meet the proposed extra
flexibility here, including the potential to use controllable electric vehicle charging. Further, such
detailed analysis would quantify the economic value and system stability benefits of the
additional storage through such examples as additional capacity, enabling higher penetrations of
low-cost solar power and providing ancillary services.

3.4 Scenario 10: Generation Retirement

The portion of energy from nuclear sources is unigque in the Duke Energy Carolinas region,
contributing to a large amount of carbon-free generation. For this analysis, the possibility of
ramping down nuclear is excluded (see assumptions in Table 8). The flexibility of nuclear is
limited, and therefore it impacts the amount of variable energy that must be curtailed,
particularly at high penetrations of solar. As current nuclear generation facilities are retired, the
generation flexibility limit could decrease, especially if the energy is replaced with flexible
thermal sources, allowing for larger contributions from solar and wind energy resources.
Scenario 10 looks at the required curtailment resulting from the retirement of 10% of the nuclear
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generation, again using 25% solar penetration. A new generation flexibility limit is calculated
with the nuclear generation reduced to 90% to reflect the nuclear retirement. It is assumed that
the generation is replaced with flexible thermal generation. The other components of the
flexibility limit are the same as those used in scenarios 1-7, including inflexible hydropower
units and must-run units, with additional flexibility provided by hydropower pumped storage.

This reduction in the nuclear generation of the system with 25% solar penetration reduces the
necessary curtailment from 26.9% of total renewable energy to 22.2%. Despite greater quantities
of carbon-free solar power contributing to load, however, the percentage of carbon-free energy is
reduced from 74% to 70%, which is to be expected because nuclear energy is carbon-free and
generates consistently throughout the day.

3.5 Scenario 11: Additional Wind Energy Penetration

Duke Energy will work toward the goal of carbon-free energy generation primarily by
incorporating solar power because solar is a plentiful resource in the Carolinas regions (see
Figure 1). As the penetration of solar power increases, however, the imbalance in the availability
of solar during a day—with increased power during daylight hours and a complete lack of power
otherwise—becomes more problematic. It is therefore beneficial to consider an additional
renewable source that can generate at different times of the day, such as wind. Scenario 11
examines the incorporation of 5% of the annual load generated by wind energy in addition to
30% solar energy penetration. A map of the wind resource is shown in Figure 10.

Figure 10. Wind capacity factors in the Carolinas
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The wind time series is a simulated power output from NREL’s Wind Integration National
Dataset (WIND) Toolkit (Draxl, et al., 2015) based on the 2006 meteorological year. The 5%
wind is calculated in a manner similar to the percentage of solar penetration levels (see Equation
5 in the appendix). The wind power profiles were taken from offshore profiles where the wind
resource is high. Further, because the profiles are offshore, we assume that they are
insignificantly correlated with load. The wind energy profile was scaled to match 5% of the load.
The net load for this scenario is calculated as the remaining load after the contribution of the 5%
wind and 30% solar penetration. The curtailment of wind and solar is proportional to the
generation of wind and solar, respectively.

Building off of the 30% PV scenario (Scenario 6), there is an interesting comparison between
adding another 5% of PV (to get 35% PV, Scenario 7)) or adding 5% wind (Scenario 11).
Adding another 5% PV (to get to a total of 35% PV) leads to 83.2% of that additional 5% of
solar being curtailed, while adding 5% wind (to 30% PV) requires only 26.3% of that additional
wind to be curtailed. Looking at the total renewable curtailment of Scenario 11 compared to
Scenario 7 (35% PV), adding wind improves the total renewable energy curtailment from 42% to
33.9%.

Figure 11. Minimum net load day in spring with 35% PV energy penetration
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Figure 12. Minimum net load day in spring with 30% PV plus 5% wind energy penetration

And, since curtailment is reduced, that also means energy from carbon-free sources improves
compared to Scenario 7. The average annual percentage of carbon-free energy in a 35% PV
penetration scenario is 77%, whereas the percentage of carbon-free energy in a 30% PV, 5%
wind penetration scenario is 79%, the greatest of all examined scenarios.

3.6 Scenario 12: DEC and DEP Modeled as Individual Balancing
Authorities with a Limited Interconnection

All prior scenarios assume unlimited transfer capability in the Carolinas region. Scenario 12
separates DEC and DEP into separate regions with Duke Energy’s existing transfer capability to
observe the effect on the net load and curtailment given 5%, 10%, and 15% solar penetration
levels by energy. The interconnection limit is provided by Duke Energy. It is directional and has
different values for nighttime (0 h-7 h) and daytime (8 h-23 h). The separate loads are also
provided by Duke Energy (all loads in prior analyses are the sum of these two loads). The
generation totals of the must-run units for all prior scenarios are also calculated first for DEC and
DEP and then summed, so the isolated values are used in Scenario 12. The generation flexibility
limit is parsed between the two balancing authorities by separating must-run units, hydropower
(see appendix for hydro assignments to DEC and DEP), nuclear (hourly generation values for
DEC and DEP are provided by Duke Energy), and pumped storage (values also provided by
Duke Energy). The equation for calculating each generation flexibility limit is the same as that
used to calculate the generation flexibility limit for the total area (see Equation 1).

The interconnection is simulated to maintain the same difference between the net load and the
flexibility limit of each balancing authority, provided that the transfer limit is not exceeded. This
assumption of operating the interconnection to minimize the possibility of curtailment in high
solar penetration scenarios was decided with Duke Energy. A production cost optimization
would enable simulation of the interconnection and other transmission in a more realistic
manner. If the difference between the net load of one balancing authority and its flexibility limit
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is less than that of the other, load is transferred until the difference is equal or the transfer limit in
that direction, for that time of day, is met. This analysis uses 12 different equations to calculate
12 different scenarios resulting from variations in the calculations because of the sign and
magnitude of the differences and the times of day (see appendix). The results of these 12
scenarios are then summed to produce a time series of load transfer, which is then used to
calculate the net load of each balancing authority after the transfer. To calculate the transfer, load
transfer to DEC is arbitrarily defined as negative, whereas load transfer to DEP is defined as
positive. The resulting net loads of DEC and DEP are calculated with the transfer amount (see
appendix).

The sum of the required solar power curtailment for both regions after the interconnection is
modeled is greater than the curtailment that results when they are modeled as one balancing
authority, or a region without transmission limitations. As shown in Table 7, an increase in
transmission capabilities would support increased solar energy penetration. This benefit is
minimal at low levels of PV penetration, but it increases at higher percentages.

Table 7. Comparison of Curtailment of the System Modeled With and Without Transmission

Limitations

Percentage PV Curtailment with Percentage Curtailment with Percentage
Penetration Infinite Curtailment with Limited Curtailment with

Transmission Infinite Transmission Limited

(MWh) Transmission (MWHh) Transmission
5% 1,570 0.0% 1,361 0.0%
10% 172,444 1.1% 191,306 1.2%
15% 1,824,853 7.9% 1,928,162 8.3%

The minimization of curtailment with an increase in transmission capacity is illustrated when the
minimum net load days to DEP and DEC, shown in Figure 13 and Figure 14, respectively, are
compared to Figure 15. The first two figures of the separate balancing areas display 22%
curtailed energy in DEP and 20% and DEC, whereas Figure 15 shows 20% curtailment on the
minimum load day when DEP and DEC are modeled as one balancing area with unlimited
transmission capabilities.
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Figure 13. Low net load day for the DEP balancing authority with 10% PV penetration in spring

Figure 14. Low net load day for the DEC balancing authority with 10% PV penetration in spring
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Figure 15. Low net load day with 10% PV penetration in spring when the Duke Carolinas territory
is modeled with unlimited transmission capabilities

There is a difference in solar power output between the two balancing areas, such that DEP
currently has roughly twice the solar capacity of DEC. The location of additional solar capacity
will affect transmission constraints.

Figure 16. DEC and DEP load duration curves at 15% PV penetration

The load duration curves of the separate balancing authorities shown in Figure 16 show that at
15% PV energy penetration, there are 1,635 hours during which the net load dips below the
nuclear generation limit in DEC and 577 hours in DEP, summing to 2,212 total hours. The load
duration curve of the single balancing authority shown in Figure 17 shows an improvement, with
930 hours during which the net load is less than the nuclear limit.

22

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 16
Docket No. E-2, Sub 1276

Figure 17. Load duration curve of the Duke Carolinas region modeled as one balancing area at
15% PV penetration
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4 Geospatial Analysis

Several maps and an online application were created by the geospatial analysis team at NREL to
visualize the solar and wind resources in the Duke Carolinas territory. The solar energy resource
is characterized by global horizontal irradiance, and the wind energy resource is characterized by
wind speed. Capacity factors were produced to visualize solar and wind generation, and
exclusions* were made based on land categories and use type (see appendix for details). One
such map is shown in Figure 18, which shows the capacity factors that are not in excluded areas
of the region.

Figure 18. Multiyear mean capacity factors

The web application allows the user to examine these three layers of generation, energy resource,
and exclusions for both wind and solar. The URL for the website is: https://maps.nrel.gov/duke.
Note, please use Firefox, or Chrome for best results. The following layers are available on the
web application:

e Solar exclusions: solar-categorized exclusions

4 Exclusions include a slope >5%, urban areas, water and wetlands, parks and landmarks, national parks, and other
environmentally or culturally sensitive areas.
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Solar generation: multiyear mean PV capacity factors using the listed PV system
configurations

Solar energy resource: Multiyear mean global horizontal irradiance

Wind exclusions: wind-categorized exclusions. Both 100% exclusions and 50%
exclusions are listed in this layer, depicting locations that are 100% excluded and other
locations that are 50% excluded. The decision for 50% exclusions is based on
assumptions used in Lopez (2012).

Wind generation: multiyear mean wind capacity factors using the listed wind system
configurations

Wind energy resource: multiyear mean wind speed.

The web application allows the user to navigate geospatially and zoom in and out of areas of
interest. Any combination of data layers can be displayed at once, including exclusions,
generation, and energy resource for solar power and wind power. The legend tab enables the user
to filter for ranges of data within each layer and control the transparency to maintain visual
clarity, depending on the number of layers selected. This is shown in Figure 19. The query tab
enables the user to intuitively retrieve the data being visualized by one of the four following
options: the user can (1) select an individual point on the map, (2) query an entire region, (3)
draw a custom shape of interest, and (4) filter based on specific attributes. The data behind this
web app make it a useful tool to explore future development in the form of production cost
models for the continued study of carbon-free resource integration.

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

Figure 19. Screenshot of geospatial web application

25

OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 16
Docket No. E-2, Sub 1276

5 Conclusion

Duke Energy endeavors to increase the proportion of load met by carbon-free generation. With
high quantities of nuclear power currently providing carbon-free generation, and given their
great solar irradiance resource, Duke Energy seeks to analyze the impact of integrating
significant amounts of new solar power into its power system under a variety of penetration
levels. This additional solar power will help reach carbon-free goals; however, with the high
minimum generation level of existing nuclear power, this net load analysis concludes that
curtailment of solar is likely to begin at 10% solar energy penetration. Thus, the net load analysis
becomes an important initial step in realizing this goal while maintaining a reliable and
economically viable grid.

This net load analysis shows:

e The greatest curtailment occurs during the spring, which is usually characterized by low
load and an oversupply of solar PV power output during the middle of the day.

e The largest ramps remain in winter, through all solar PV penetrations, and for all seasons
the ramps increase as solar PV penetration increases.

e The largest maximum instantaneous curtailment, percentage of curtailed energy, and
duration of curtailment occur during the spring.

e The system experiences the largest percentage of daily carbon-free generation during the
spring, which is the highest compared with other seasons.

e The net load analysis shows a significant reduction in the peak net load and a shift in the
timing of the minimum and peak net load. This effect is most significant during the
summer because of the time-coincident correlation between the demand and solar output.
Thus, solar PV can significantly contribute capacity value to the system during the
summer peak load; however, the shift in timing minimum and peak net loads can affect
generator outage and maintenance scheduling, and this should be investigated further
using unit commitment and economic dispatch models.

e Even at high solar penetration levels of 25%, with the highest anticipated level of rooftop
solar, curtailment rights of utility solar is sufficient to avoid an imbalance of supply and
load. This net load analysis shows that building wind power after high levels of solar
power curtailment are reached and building storage are two solutions that can aid in
increasing the share of carbon-free emission generation in Duke Energy’s system.

e The analysis of scenarios 12 and 10 show that transmission constraints and nuclear
retirement both work against the goal of meeting load with carbon-free generation.

A key constraint in accommodating additional variable generation penetration is the ramping
ability of conventional generators, to change their output in response to the fluctuating
renewables. For instance, during the spring minimum net load day shown in Figure 4, the
traditional generator fleet is required to increase the output rapidly as the sun sets. For Duke
Energy, because the nuclear fleet has a high minimum generation limit, increasing system
flexibility with technologies that provide fast ramp rates and control over load should be
examined to accommodate higher PV penetrations.

In addition, managing system flexibility requires serious operational adjustments coupled with a
resource mix that can quickly respond to the balance of electricity demand and net load
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variability. The result of this study further reveals that exceeding 15% PV penetration could lead
to serious integration issues, especially during the spring, which is characterized by low load and
a possible frequent overgeneration scenario.

Further analysis with more advanced models—such as unit commitment and economic dispatch,
capacity expansion planning, and dynamic analysis models—will be required to more fully
assess system impacts with increasing variable generation penetration as well as flexibility
opportunities for accommodating variable renewable energy sources with conventional
generation.
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Appendix

A.1 Data Sources and Assumptions

In the context of data and files provided by Duke Energy, for both Duke Energy Progress and
Duke Energy Corporation, the capacity factors from the “Third Party Non-Curtailable” sheet are
multiplied by the rooftop solar capacity for 2019. The capacity factors from the “Utility Owned”
tab are multiplied by the sum of the utility nameplate capacities. “Net Metered (Rooftop) Solar”
is assumed to be rooftop solar PV, whereas “D-Tied Universal Solar” and “T-Tied Universal
Solar” are assumed to be utility. Hydro schedules are from “Carolinas Hydro
Schedules_Capacity and Energy_Confidential.xlIsx.”

Table 8. Assumptions and Definitions for the Net Load Analysis

Assumptions for Scenarios 1 -7

Penetration by energy is annual and pre-curtailment.

Storage is 2.2 GW, which represents the existing pumped hydro storage
capacity.

Storage has sufficient energy capacity to use full pumping capacity during hours
of surplus solar power and is optimized for energy arbitrage.

The percentage of curtailed energy is estimated as a percentage of total PV
output energy.

Must-run units are defined relative to the highest load within the last week
because the majority of must-run units have a weeklong minimum up time.

Nuclear runs consistently at full capacity and has no outages.

No contingency reserve is added to the flexibility limit line.

Interconnections to neighboring regions are not considered
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A.2 Equations for Scenario Analysis
The inflexibility generation limit line, Gen;y ey, is given as:

Geninflex =

{(MustRun units + Nuclear capacity + Hydro units)- Storages} MW

Renewable energy curtailment is given as:

GeNinfrex — Net load, GeNinfrex > Net load

6 i =
VGO curtailment { 0, Genyyfrex < Net load

Daily ratio of carbon-free generation is given as:

i (Nuclear,, + Hydro, + 0.8 * Storage,, + VG precurtailment, — VG curtailment,)
4 Total load,
n=

Table 9. Scalars Used to Calculate PV Penetration

Scenario No. Scalar
1 0.9642
2 1.9284
3 2.8926
4 3.8568
5 4.8210
6 5.7852
7 6.7494

1)

)

©)

The scalars to calculate the solar penetration required to meet the specified percentage of load

were found with the following Equation:

{(Percent Penetration) - (AnnualLoad)/(AnnualPV)}

> Storage represents the total pumped storage hydropower pumping capacity.
& Variable generation refers to solar and wind (where applicable) power plants.
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The solar time-series was then multiplied by each scalar to produce the appropriate amount of
annual solar to achieve the targeted penetration level for each Scenario. For example, to create
the PV time-series for Scenario 1 with 5% solar penetration, the solar time-series was multiplied
by 0.9642.

In Scenario 8 illustrates 25% solar energy penetration with 18.91% of solar due to rooftop solar
generation. 18.91% of 25% of the load was calculated to find the amount of rooftop PV. A
scalar to adjust the rooftop PV time-series was calculated similarly to the scalars used to
calculate the time-series for Scenarios 1-7:

{(Percent Rooftop) - (25%o0fAnnualLoad)/(AnnualRooftopPV)} (5)
The calculation for the remaining 89.09% of solar from utility is analogous:
{(Percent Utility) - (25%o0fAnnualLoad)/(AnnualUtilityPV)} (6)
Additional storage in Scenario 9 is calculated according to the following rules:

If the curtailment is required, eight-hour storage is used to store as much of the curtailment
required as possible, limited to 2000 MW inside of an hour. The maximum eight-hour storage
over a 14-hour window is 2000 MW * 8 hours =16000 MWh, so any renewable generation
beyond that must be stored by the six- or four-hour storage units. Next, the six-hour storage is
used to store up to 1000 MW of excess energy in an hour, with the maximum storage over a 14-
hour window of 6000 MWh. Finally, the four-hour storage is used to store up to 1000 MW of
excess energy in an hour, with the maximum storage over a 14-hour window of 4000 MWh.

In Scenario 11, the wind time series is scaled by 0.6680 to match 5% of the total load, and is
found with:

{(0.05) - (AnnualLoad)/(AnnualWind)} (7

The wind time-series was then multiplied by 0.6680 to produce an annual generation equal to 5%
of the load.

For Scenario 12, the location of hydropower units in each of the modelled BAs is as follows:

Table 10. Hydropower units corresponding to each region

DEC DEP

Cowans Ford Hydro

Keowee Hydro Blewett Hydro

Lower Catawba Hydro Marshall Hydro
Misc ROR Hydro Tillery Hydro
Nantahala Hydro Walters Hydro

Upper Catawba Hydro
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The Equations for calculating load transfer are listed in Table 11. “DEC” refers to the net load of
DEC minus the flexibility limit of DEC, while “DEP” refers to the net load of DEP minus the
flexibility limit of DEP.

Table 11. Equations to Calculate Load Transfer from DEC to DEP

(Net Load —Flexibility Limit) | Time of
DEC | DEP | Comparison Day

Equation

<0 <0 |DEC|<|DEP]| 8:00-23:00 | /f(|DEC-DEP|<1820):
If(DEPNetLoad +|DEC-DEP|> DECnetLoad -| DEC-DEP)):
Average(DEC,DEP)-Min(DEC,DEP)
Else: DEC-DEP|
Else If(DEPNetLoad+1820> DECnetLoad-1820):
Average (DEC,DEP)-Min(DEC,DEP)
Else: 1820

<0 <0 |DEC|>|DEP]| 8:00-23:00 | /f(|DEC-DEP|<1050):
If(DECnetLoad +|DEC-DEP|> DEPnetLoad -|DEC-DEP)):
-(Average(DEC,DEP)-Min(DEC,DEP))
Else: -|DEC-DEP|
Else If{DECnetLoad+1050> DEPNetLoad-1050):
-(Average (DEC,DEP)-Min(DEC,DEP))
Else: -1050

<0 >0 8:00-23:00 | If(|DEC-DEP|>1050):

If{(DECnetLoad+1050> DEPNnetLoad-1050):
-(Average(DEC,DEP)-Min(DEC,DEP))

Else: -1050

Else If(DECnetLoad +|DEC-DEP|> DEPnetLoad -| DEC-
DEP|):

-(Average (DEC,DEP)-Min(DEC,DEP))
Else: -|]DEC-DEP

>0 <0 8:00-23:00 | /f(|DEC-DEP|>1820):

If{DECnNetLoad+1820> DEPNetLoad-18200):
Average(DEC,DEP)-Min(DEC,DEP)

Else: 1820

Else If(DEChnetLoad +|DEC-DEP|> DEPnetLoad -| DEC-
DEP)):

-(Average (DEC,DEP)-Min(DEC,DEP))
Else: IDEC-DEP]

>0 >0 |DEC|<|DEP] 8:00-23:00 | /f(|DEC-DEP|<1820):

If{(DEPnNetLoad +|DEC-DEP|> DEChnetLoad -|DEC-DEP)):
-(Average(DEC,DEP)-Min(DEC,DEP))

Else:- IDEC-DEP]|

Else If(DEPNetLoad+1820> DECnetLoad-1820):
-(Average (DEC,DEP)-Min(DEC,DEP))
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(Net Load —Flexibility Limit) | Time of
DEC | DEP | Comparison Day

Equation

Else: -1820

>0 >0 |DEC|>|DEP| 8:00-23:00 | /f(|DEC-DEP|<1050):
If{DECnNetLoad +|DEC-DEP|> DEPNetLoad -|DEC-DEP)):
(Average(DEC,DEP)-Min(DEC,DEP))
Else: |DEC-DEP|
Else If(DECnetLoadt1050> DEPNetLoad-1050):
(Average (DEC,DEP)-Min(DEC,DEP))
Else: 1050

<0 <0 |DEC|<|DEP] 0:00-7:00 | If(|DEC -DEP|<2933):
If{DEPNetLoad +|DEC-DEP|> DEChnetLoad -|DEC-DEP)):
Average(DEC,DEP)-Min(DEC,DEP)
Else: |DEC-DEP|
Else If{DEPNetLoad+2933> DECnetLoad-2933):
Average (DEC,DEP)-Min(DEC,DEP)
Else: 2933
<0 <0 |DEC|>|DEP| 0:00-7:00 | If(IDEC-DEP|<1036):
If{DECnNetLoad +|DEC-DEP|> DEPNetLoad -|DEC-DEP)):
-(Average(DEC,DEP)-Min(DEC,DEP))
Else: -|DEC-DEP|
Else If(DECnetLoadt1036> DEPNetLoad-1036):
-(Average (DEC,DEP)-Min(DEC,DEP))
Else: -1036

<0 >0 0:00-7:00 | If(|DEC-DEP|>1036):

If(DECnetLoad+1036> DEPnetLoad-1036):
-(Average(DEC,DEP)-Min(DEC,DEP))

Else: -1036

Else If(DEChnetLoad +|DEC-DEP|> DEPnetLoad -| DEC-
DEP)):

-(Average (DEC,DEP)-Min(DEC,DEP))
Else: -|DEC-DEP]

>0 <0 0:00-7:00 | If(IDEC-DEP|>2933):

If{(DECnNetLoad+2933> DEPNnetLoad-2933):
Average(DEC,DEP)-Min(DEC,DEP)

Else: 2933

Else If(DECnetLoad +|DEC-DEP|> DEPnetLoad -| DEC-
DEP|):

-(Average (DEC,DEP)-Min(DEC,DEP))
Else: [DEC-DEP]|
>0 >0 |DEC|<|DEP| 0:00-7:00 | If(|DEC-DEP|<2933):
If(DEPNetLoad +|DEC-DEP|> DEChnetLoad -| DEC-DEP)):
-(Average(DEC,DEP)-Min(DEC,DEP))
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(Net Load —Flexibility Limit)

Time of

Equation
DEC | DEP | Comparison Day
Else:- DEC-DEP]
Else If(DEPnNetLoag+2933> DECnetLoad-1820):
-(Average (DEC,DEP)-Min(DEC,DEP))
Else: -2933
>0 |>0 ||DEC|>|DEP 0:00-7:00 | If(|DEC-DEP|<1036):

If{DECnNetLoad +|DEC-DEP|> DEPNetLoad -|DEC-DEP)):
(Average(DEC,DEP)-Min(DEC,DEP))
Else: IDEC-DEP]|
Else If(DECnetLoad+1036> DEPNetLoad-1036):
(Average (DEC,DEP)-Min(DEC,DEP))
Else: 1036

Equations 8 and 9 show how the net load of each BA is changed by the interconnection after the
load transfer is calculated.

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

{(DEC Net Load Before) — (Load Transfer) = (DEC Net Load After)} (8)
{(DEP Net Load Before) + (Load Transfer) = (DEP Net Load After)} 9)
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A.3 Seasonal Metrics
The dates of each season are defined in Table 12.

Table 12. Season definitions

Start Date End Date

Spring 3/1/2019 5/31/2019
Summer 6/1/2019 8/31/2019
Fall 9/1/2019 11/30/2019
Winter 12/1/2019 2/28/2019

Table 13. Maximum instantaneous curtailment of each season (MW)
Scenario Spring Summer Fall Winter
1 0 0 0 530
2 2430 0 2752 3233
3 6113 2913 5897 6618
4 9801 6106 9183 10003
5 13504 9299 12560 13389
6 17207 12542 16023 16774
7 20909 16143 19689 20271
8 13548 9248 12568 13452
9 11073 5769 9185 9842
10 12551 8346 11607 12436
11 17486 13326 16273 17084
12 — DEC 5% 0 0 0 246
12 — DEC 10% 1466 252 1390 1886
12 — DEC 15% 3116 1878 2958 3418
12 — DEP 5% 0 0 0 246
12 — DEP 10% 1234 117 1390 1600
12 — DEP 15% 3116 1630 2958 3418

Table 14. Maximum up ramp of each season (MW/h)

Scenario Spring Summer Fall Winter

1 2927 2355 3839 4039

2 3244 2272 3839 4384

3 4539 3294 4412 5341

4 5443 4316 5474 6609

5 5964 5338 5960 7252
35

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

OFFICIAL COPY

Jun 15 2021



Jennings Exhibit No. 16
Docket No. E-2, Sub 1276

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.

Scenario Spring Summer Fall Winter
6 6277 6360 6813 8362
7 6583 6360 7508 9472
8 5924 5408 5986 7278
9 6873 5338 6717 7876
10 6564 5338 6489 7481
11 6179 5943 6757 8401
12 — DEC 5% 1724 1369 1900 2594
12 — DEC 10% 1722 1539 2093 2594
12 — DEC 15% 2306 2242 2988 3030
12 — DEP 5% 1502 1130 1941 2003
12 — DEP 10% 1629 1754 1941 2309
12 — DEP 15% 2266 2385 2102 3068
Table 15. Maximum down ramp of each season (MW/h)
Scenario Spring Summer Fall Winter
1 -3080 -4090 -2830 -5873
2 -3406 -4090 -3403 -5873
3 -4712 -4090 -4354 -5873
4 -6069 -4090 -5658 -6699
5 -7427 -4090 -6964 -7894
6 -8784 -4406 -8270 -9090
7 -9869 -4482 -9577 -10286
8 -7419 -4090 -6951 -7906
9 -7427 -4090 -6964 -7894
10 -7427 -4090 -6964 -7894
11 -8673 -4461 -8427 -9555
12 — DEC 5% -2047 -2313 -1480 -3122
12 — DEC 10% -2047 -2313 -1865 -3122
12 — DEC 15% -2413 -2313 -2621 -3320
12 — DEP 5% -1390 -1874 -1660 -2750
12 — DEP 10% -1707 -1874 -1714 -2750
12 — DEP 15% -2349 -1874 -2519 -2750
36
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A.4 Additional Figures
Scenarios 1-7
Seasonal Average for 5%-35% PV Penetration
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Seasonal Low Net Load Days: 10% PV Penetration
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Seasonal Peak Net Load Days: 10% PV Penetration
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Seasonal Low Net Load Days: 15% PV Penetration
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Seasonal Peak Net Load Days: 15% PV Penetration
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Seasonal Low Net Load Days: 20% PV Penetration
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Seasonal Peak Net Load Days: 20% PV Penetration
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Seasonal Low Net Load Days: 25% PV Penetration
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Seasonal Peak Net Load Days: 25% PV Penetration
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Seasonal Low Net Load Days: 35% PV Penetration
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Seasonal Peak Net Load Days: 35% PV Penetration
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Scenario 8: 25% PV Penetration and Increased Proportion of Distributed Solar
Seasonal Low Net Load Days
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Seasonal Peak Net Load Days
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Scenario 9: 25% PV Penetration and Additional Storage
Seasonal Low Net Load Days
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Seasonal Peak Net Load Days
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Scenario 10: 25% PV Penetration and Generation Retirement
Seasonal Low Net Load Days
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Seasonal Peak Net Load Days
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Scenario 11: 30% PV and 5% Wind Penetration
Seasonal Low Net Load Days
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Seasonal Peak Net Load Days
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Scenario 12: DEC and DEP Modeled as Separate Balancing Authorities with 5%,
10%, and 15% PV Penetration

Seasonal Low Net Load Days: 5% PV Penetration
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Seasonal Peak Net Load Days: 5% PV Penetration
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Seasonal Low Net Load Days: 10% PV Penetration
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Seasonal Low Net Load Days: 15% PV Penetration
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