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Objectives

eldentify the process for monitoring and maintaining reactive reserves

eldentify the reactive capability testing process and requirements
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Capability Curve/Limitations
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Reporting Reactive Capability Data to PJM

Reporting Reactive Capability Data to PIM

Dispatchable Unit

mrm- Min MVAR | Max MVAR

50 Typical net ECO Min

100 -75 240

150 -70 230

200 -65 220

250 -60 210

300 -55 190
Point 7 350 -50 180 Typical net ECO Max
Point 8 375 -45 170 E

*Max possible unit net output considering ideal operating conditions such as winter
ambient temperatures, low cooling waster temps, optimum fuel conditions, etc.

Reporting Reactive Capability Data to PIM

Unit that can also operate as a synchronous condenser

unt o wian_ e e

Synchronous Condensing operating point

70 -25 240 Typical net ECO Min
75 -22 230
80 -20 220
85 -18 210
90 -15 190

Point 7 95 -12 180 Typical net ECO Max

Point 8 100 -10 170 i

*Max possible unit net output considering ideal operating conditions such as winter
ambient temperatures, low cooling wa;ter temps, optimum fuel conditions, etc.
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Reporting Reactive Capability Data to PIM

Inverter-based Energy Storage Resource

unt o _ i s

Max Active Power Charging (Min MW)
-14 -26 26
-7 -29 29
-30 30 Inverter MVA Capability Curve Rating

6 -29 29
12 -27 27

Point 7 18 -24 24

Point 8 25 -17 17 Max Active Power Discharging (Max

MW)
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Reactive Capability Seasonal Review

January February March April
Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri  Sat Sun Mon Tue Wed Thu Fri = Sat Sun Mon Tue Wed: Thu Frl @ Sat
1 2 1 2 3 4 5 6 1 2 3 4 5 1 2
3:i4i56i6:7:8:09 7i8i9i1i11}12:13 6 7:8:9:1:11: 12 3{4i 567189

2 27 28 2030 282 27 28 2030 3 2425/ 2827 28/ 20 3
May June July August

Sun Mon Tue Wed Thu Fri Sal Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat

1]2]3f{aisie]7 112/3]|4 11 2 112i3i4i6i68

8 9 10: 1 12 13 14 5 6 7 8 9 0: 1 3 4 5 6 7 8 9 7 8 9 10: 11 122 13

22 23:24; 25;: 26; 27: 28 19120 21 22 23: 24: 25 1718 19: 20 21 22 23 21 22 23:24:25; 26 27

29 30 31

September October December

SHnMonTue:wedTm Fri  Sat Sun Mon Tue Wed Thu Fri | Sat Sun Mon Tue Wed Thu Fri

1 2 3 1 ! 1 2 i 3 4 5 I 1 2 3
4 5 6 i 7 8 9 10 2 3 4 5 6 7 8 6 7 ! 8 9 0 1 i 12 4 5 6 7 i 8 9 10
1mi 12 | 13 | 14§ 15 ! 16 ! 17 9i10: 1 i 1213 14 15 13 14 15 . 186 | 17 .18 19 1 ! 12 ! 13 14 f 15§ 16 i 17
18 19 20 ] 21 i 2. 23: 24 16 i 17:18 19 20 21 22 20 21 22 23: 24 25 26 18 19 20! 21 i 2:23: 24

25 26 27 28: 29 27 28:29: 30 25 26 27:28:29;30; AN
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What Reactive Information is Reported?

What Reactive Information is Reported?

New Generator Ticket
User ID: ds 50 C SBT Gen Comp 0
Type: [—V] Unit Name: IZI
Company Ticket ID: | J Date Hour
Description: (MMDD/YYYY) (HH24:M1)
Est/Ramp Start: | | |

Est. End: | |
End Date Unknown ||
Informational: ]

/
Daily Job: (| #Days:| Start Day Delta:

| 1

«» «» )

MW Ticket Info
Date Hour
(MM/DD/YYYY) (HH24:MI)

Ticket Reduction: | 0 |Inst. Cap: 0
Company Switch Start: | Cause: [v]
Company Switch End: Outage Type: | Unplanned v

-
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Reactive Testing

Reactive Testing

1

Determine

3

Coordination

2

Demonstrate
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Voltage Profile 500kV - 7/6/99

Voltage Profile 500KV - 7/6/99

— BRANCHBURG

— DEANS
N.FREEDOM

~——SALEM

— PEACH
BOTTOM

— KEENEY

—TMI

— EWINDSOR

——HOSENSACK
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Generator Reactive Testing - Who’s Required

Generator Reactive Testing — Who's Required

Individual Units

Aggregate Units

L Ed . Must be tested

every 5 years

No more than 66 months between
tests

Black Start Units
ALL

New units must test within 90 days

Synchronous Condensers of commercial operation

10
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Unit Types

-mmm-
Fossil, Hydroelectric & Blackstart Max Lag One Hour
Max Max Lead When limit reached
Min Max Lag When limit reached
Min Max Lead When limit reached
Synchronous Condenser or Generator that - Max Lag One Hour
operates in the condensing mode to provide
reactive support - Max Lead When limit reached
Max Max Lag One Hour
Max Max Lead When limit reached
Variable (e.g. Wind and Solar) Variable Max Lag When limit reached
(Testing done with at least 90% of turbines or
inverters on line) Variable Max Lead When limit reached
Inverter based energy storage resources Max Max Lag When limit reached
Max Max Lead When limit reached
Max MW Output = fully discharging Zero Max Lag When limit reached
Zero Max Lead When limit reached
Min MW Output = fully charging Min Max Lag When limit reached
Min Max Lead When limit reached
11
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Unit Types

Unit Type MW Output MVAR Output

DC-Coupled Inverter Based Hybrid Resource Max Max Lag When limit reached
Max Max Lead When limit reached
Zero Max Lag When limit reached
Zero Max Lead When limit reached
Min Max Lag When limit reached
Min Max Lead When limit reached
AC-Coupled Inverter Based Hybrid Resource Max Max Lag When limit reached
Max Max Lead When limit reached
Max Inverter Max Lag When limit reached

Operating Point
Max Inverter Max Lead When limit reached

Operating Point
Zero Max Lag When limit reached
Zero Max Lead When limit reached
Min Max Lag When limit reached
Min Max Lead When limit reached

12
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Max Lag and Max Lead

Max Lag and Max Lead

January / February / March/ April‘/

Sun Mon Tue Wed T Fi Sat Sun Mon Tue Wed Thu Fn Sat  Swn Mon Tue Wed Thu Fi Sat Sun Mon Tue Wed Thu Fi

C Mayg ) " Jung [ Julyg; e 7Augus§;

Tue Wed Thu| Fri 'Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri |Sat Sun Mon Tue Wed Thu Fri & Sat

slals]e] A 1 [F=]= I N
10 11| 12| 13 14 5 5‘ . 8 89110 11 3 4 5 I 7; 7 8 9 7 L3 9 10 [ M 2
7 18w 20 o a2l a3l selas] 6 s [asiae |z el e 2
ﬁ‘; 252 22| 2 viwlwe alala s 2 2|nus ; 2
» izslos ar|m 2 0 20|28 % %

eptember’ November/ Depember/

Sun Mon Tue Wed Thu Fri  Sat Sun Mon Tue Wed Thu Fri Sat  Sun Mon Tue Wed Thu Fri
| 1 | 3 1 1 2 3 4 5 1 2 3
« TR w 2|3|4|s|e|l7|e e|7|s|o]ln|ule slel7]s]8]|n
112 13| 14| 15| 16 7 9 10 11 127 13 14 15 13, 1415 16 17 18 19 112 13 4|15 16 17
Rl Z s 2« 5|17 8|19 2|22 2021|2222 18|19 20|21 2|2 2
25 26| 27 28| 28 30 Bl sl w2 7w n % 25 26| 27| 28| 29|30 3
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Testing Process

3 Business Days Prior to :
testing 2 Day Out Analysis
MOC submits “MVAR Test” Ticket via Studies performed to determine feasibility of the reactive test based on
eDART no later 12:00 PM EPT reliability
» Coordination with TO on mitigating actions (i.e. Capacitors in/out of
service, voltage schedule changes)
» TO must agree to changes

Ticket must include:
+ MW & MVAR values unit will be at
during the testing « For reliability concerns — Ticket will be denied
» Whether values are gross or net » Note made on reason for cancellation
« GO notified of cancellation (reschedule to another time period or date)

« Will the unit be operating in the LAG
or LEAD - If no reliability concerns
« Verify company'’s telemetry testing point is modeled and data is

accurate
_i _,Dm e « If unit is not online, re-verify prior to the test
« Verify data is not stale
NET | == « Verify current Reactive Capability Curve Data
« If telemetry does not match — ticket will be denied

14
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Testing Process

30 minutes

Day Ahead Studies 3 Hours Prior to Test Prior to Test

Confirm 2 day out analysis MOC contact PJM to confirm start of test MOC to contact PJM
to start eDART ticked

and allow for system
adjustments to be

« GO notified to proceed with * PJM runs real-time study

testing as planned made by PJM and TO
* TO runs real-time study in order to prevent
- Results of study and any mitigating steps voltage limit violations

should be communicated to PJM RE no
later that 2 hours and 15 minutes prior to
the test

« Mitigation strategies will be discussed and
agreed to with the TO. Communicated to
MOC no later than 2 hours prior to testing

« If studies are in agreement test may proceed

« Changes to the system must be agreed
upon by all parties

15
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During Testing

+ Units stay within voltage schedule unless
adjustments are approved by PJM RE & TO
* MOC must notify PJM RE of any limitations (internal
or external) cause by external conditions before the
end of the test

» Any need to cancel the test by MOC or TO should
be communicated to PJM RE as soon as possible

« Any internal or external operations limitations must
be communicated to the TO and PJM RE prior to
completing the test

+ All communications should be coordinated through
the PJM RE

Testing Results

« All testing, if done on separate times, must be completed
within 6 months

« Test results must be submitted no later than 30 days after
c%rzg_ertion of testing via a Reactive Results Ticket in
e

16
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Reactive Capability Testing - Reporting Results

Reactive Capability Testing — Reporting Results

* Generator Owner shall complete the Reactive Capability Testing Form within 30
calendar days from the test date

Reactive Capability Testing Form
Resct Rowelt TcketID: 121 Tk Max Lood Laggleg Unit Mame: ONIT 1

Tomsa By Conting Wates Ao Tempacatur, £ Yo

o passnes [ Saged  Opucions

Analyin Comect: [
b Sar Thme of e Toac ooy, Amblent Relates Humidey:

22322
ig °
i
z

17
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Test Results

Test Results

Stated Capability Stated Capability Stated Capability

* Fully demonstrated capability «Fully demonstrated capability * Not demonstrated capability
* PJM will notify MOC or TO * PJM will notify MOC or TO * PJM will determine which
units achieved their reactive units exceeded their reactive units were affected by internal
capability and no further capability and request or external operational
action is required increase the capability limitations based on reasons
modeled within the PJM EMS documented in the submitted
by entering new default test results
eDART MVAR ticket

18
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External Operational Limitation

External Operational Limitation

stated
capability due to external

limitation and ma
\ ™ require any further ‘acton
External PJIM will
Operational ~ perform further
Limitation analysis to
claimed confirm D
External limitation
not confirm
e
Either permanently reduzt'aa = I'\;gt::tt) :ﬁy d(etemggg}'r:rtye
capabilty AR ggtf@tl;t = -51“ eDART MVAR ticket until

retest completed)

19
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Internal Operational Limitation

Internal Operational Limitation

Capability due to exte,:g,
retuira on and may nt
Internal y further action
Operational
Limitation
claimed —
Internal |imita:i:é\tgot
mmunical
= TO &PJM
tly reduce Retest to demonstrate
Either permanently re ooy
ca %?lity new default -q“ e SART“r(A (temporary
ShAIMAR until retest completed)
20
Knowledge Check

Let's Review

v/
v/

21

1. All test results must be submitted to PJM within what time frame?
a. 30days

b. 60 days
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c. 3 months

d. 6 months
2. A facility will be considered as passing its reactive capability test if it meets what criteria?
(Select all that apply)
a. Within 5% of stated limits
b. Greater than 5% of stated limits

c. Below 5% of stated limits

PIM©2025 Page 23
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Resources & References

Resources & References é/

PJM Manual 14D: Generation Operational Requirements.
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Summary

Summary

In this presentation, we:
* |dentified the process for monitoring and maintaining reactive reserves

* |dentified the reactive capability testing process and requirements

23
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Questions
Questions
PJM Client Management & Services
Telephone: (610) 666-8980
Toll Free Telephone: (866) 400-8980
Website: www.PJM.com
Email: trainingsupport@pjm.com

Member

Community

24
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