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31,000

30,000 —

29,000

28,000 —

27,000

26,000 | Spinning Reserve

Regulation Reserve

HIIES

25,000 —

24,000 —
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— . EENRISIELE(2/3)
B = EREHIZEEFERC BEaBNIRFE D AL 447 -

1. B2 - 4 1EHI B E RF% (Scheduling, System Control and Dispatch Service)
=578 A 75 (Regulation and Frequency Response Service)

BN 88 S £ AR 7% (Spinning Reserve)

7 BEEAS=RIF(Supplement Reserve) fHEI AR FE HI5

Y EE ] & B B I IR 7% (Voltage Support Service)

F ERUENBRFE (Black Start Capability Service) EEa8

s BEAFEE AR 7% (Energy Imbalance Service)

BUEHIEX(4F18)R7%(Real Power Loss Service)

5 FI AR ¥% (Backup Supply Service ) SRV © FERC Order No. 888, p200, 204~205,
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1

maintain frequency control. %ﬂ. *% 1% ﬁ%

327 BB
& 2 ZIE_‘ % ,'T% 1E ﬁ% Voltage control is needed consistently

a E}] §x =5 F‘e fﬁu throughout the day. It is location-specific
X B2 1T and requires reactive power control from

reactive sources to maintain.

Short-run regulation ensures supply Reserves are staggered by response time such that
=5 [BF 17t meets demand every minute while there is backup generation for the grid at various
- ==1 li’: }:l: %'J load following ensures plants follow response times (seconds, minutes, tens of minutes)
=] the trend in demand throughout
RESSE the d R £ (3 i
" ERE
Frequency control ensures that the BPS is E ﬁ E BE
synchronized and stabilized for normal =
and contingency conditions. Frequency is i —_
controlled in stages that range from 3 IE E& *ﬁé 1E 1"-"
seconds (inertia) to hours (spinning a
reserves). AGC and operational flexibility ﬁﬁ 5&
of generation resources are critical to
:/'

RifiE=

Cycles Seconds Minutes Hours 1Day
BERIRIR : REISHUS CONSULTING LLC, “Electricity Ancillary Services Primer,” August 2017.
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48
n
T BEEESE o
BEEE

U Non-event

Operating
Reserve

w57 = 1 EhEEE S 7t /b2 8 5
Regulation Following Contingency Ramping
Reserve Reserve Reserve Reserve
e 22 = Al HY (EZ1E 781 HE’] o S5 s P& 3 E H—J}i}:
A1 A1 e - "
, haﬁ/ BEHFER ZSHINARIRIER
B2H - IR ZA2REERETH 47 Bk #2544
BRIRIR : E. Ela, M. Milligan, and B. Kirby, “Operating Reserves and Variable Generation,” August 2011.
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Market Response

! Supplemental Operating Reserve ?‘ﬁ;EJE iii}
Lo LR
[

Contingency | _ Spinning & Non-Spinning Reserve E'] Hj’{ﬁﬁﬁ
Occurs ﬁ'hé ----------------------------- ‘
] 1] § \
' b \
' A \
' I \
] ': |\ 1
1} " ‘C—Reserves 'Should” \ Reserves
v ! , § beRestored \"Must" be
' ! :!‘ tRestored
Frequencﬂ A \
: \
)\Response i\ \
g 2z 22 fiEe '
SEAN
" 'ﬁﬁ = q; “
10 0 10 20

30 40 50 60 70 80
Ref:

90 100 110 120 130 140 150
Minutes
E. Ela, M. Milligan, and B. Kirby, “Operating Reserves and Variable Generation,” Technical Report, National Renewable Energy Laboratory, August 2011
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B IEEERCOTIR A AT KRS 7 SBeN ik - WHEEHIRE TS - BH
QSEER ERVISENEITIRIT °

Regulation

No Change

FFR
Responsive Reserve Service (RRS) = Triggered at 59.85 Hz and full response in 15 cycles
« Once deployed, sustain for up to 15 mins. Once recalled, restore within 15 mins

157 fo 687 MW

Fast Frequency Response (FFR) EEE )
PFR capable capacity reserved on generators or Controllable Load Resources

(CLR)
Minimum 1,150 MW must be provided by resources capable of PFR

Load Resources on UFR

Load Resources on UFR

Primary Frequency Response (PFR) « Triggered at 58.70 Hz and full response in 30 cycles
+  Sustain uniil recalled. Once recalled, restore within 3 hours
2,300 to 3,200 MW + Beyond the minimum PFR, up to 60% of total RRS can come from Load

Resources on UFR or FFR.

ERCOT Contingency Reserve Service
(ECRS) Generation

] *  Online or offline capacity that can be converted to energy within 10 minutes
10 minute ramp = Dispatched by SCED

Load Resources (UER not required)
Load Resources * Up to 50% of ECRS capacity can come from Load Resources with or without UFR
may or may not be on UFR «  Once deployed, must respond within 10 minutes. Restoration within 3 hours

£EER . ERCOT - No protocol changes.

Non-Spin *  Proposed methodology for Mon-Spin Reserve Service quantities in this framewark -
uantities com d using 2018 A/S Methodo are reduced by ECRS
= 0 to 1,180 MW a puted using logy y
4 ‘;‘J fiti
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mie [ POV F
BT IRBFA R RVERBI AR TS

DS3 SYSTEM SERVICES

SSRP

Steady State

Voltage control .
Reactive Power

Post-fault & inertial response

Frequency control (reserve)

Ramping capability FPFAPR

Fast Post-Fault
Active Power
Recovery

SIR

Synchronous
Inertial Response

POR

Primary
Operating
Reserve

SOR
Secondary
Operating

Reserve

FFR

Fast Frequency
Response

TOR1

Reserve 1

RRD

Replacement
Reserve

RM1
Ramping Margin

RRS

Replacement

o= B S B R
B EHEEHE
SE AN Z
EESLT
22 EH | AFRY
EY - g h S\ =
7 /%%' A

Reserve sync’ed 1 hour

desync’ed

K L1418 8B AR 5 i mn

=1,

]}

[ EHTSOH E

DRR

Dynamic Reactive
Response

RM3
Ramping Margin
3 hour

The number and type of
System Services is
unique to the All-Island
system with no
international precedent.
The System Services
cover voltage control,
active and reactive
power response after a
system fault, inertial
response, frequency
restoration and control

and ramping capabilities.

RMS8
Ramping Margin
8 hour

n

NNy
JH]
i
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()2025F REREARHFRAZEE

MW 2025FEXFEHHAR
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24000 14000 ° \llﬁ1§]$
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30000 ,/ 10000
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13:00-14:00 357 15 5,355 100 15 1,500 90% 07 479850 2500 2375 5937.50
14:00-15:00 361 15 5,415 100 15 1,500 - 1 691500 2400 135 32,400.00
15:00-16:00 363 15 5,445 100 15 1,500 - 1 694500 2500 1.125 281250

REBOEEES= 2 (SR8, +NER ) BEREEE, + BER
= [ (352%x15+4+100x 15) x 1
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+(361 x 15+ 100 x 15) x 1
+(363 x 15+ 100 x 15) x 1 ] (71)
+2,400(JT/MWh) x 13.5 (MWh) + 2,500(5C/MWh) x 3.5(MWh) = 66,588.5 (7T)
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(7c/MW-h) - (7c/MWh)

12:00-13:00 310 10 60 10 - 1 - -

13:00-14:00 360 10 60 10 88% 0.7 2,500 3

14:00-15:00 300 10 60 10 - 1 2,400 12
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(7c/MW:-h)
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13:00-14:00 360 10 3,600 60 10 600 88% 0.7
14:00-15:00 300 10 3,000 60 10 600 = 1
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=[] (310x10+60x10) x1
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+(300 x 10 + 60 x 10) x 1] (JT)
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13:00-14:00
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15:00-16:00
16:00-17:00
17:00-18:00
18:00-19:00

245
250

SEEE(7/7)
14l
RS S B I 1
mizE | R
15 3,345 90% 0.7
15 3,390 - 1
15 3,375 - 1
15 3,450 - 1
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15 3,675 - 1
15 3,750 - 1
1B, + BEE

IRREBOEEES=-3 BRE <BERE
= [ (223x15)%x 0.7 + (226 x 15) x 1
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TR

%@?ﬂﬁﬁﬁgéﬁ 2“7

=B
=35,

(@E%d h x AR 7%

O B

DDETETE—;%d h) + EHEE

2,341.50
3,390.00
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(55/MWh)
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3,000
3,000
3,000
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+3,000(5T/MWHh) x 54 (MWHh) + 3,000(5C/MWHR) X 7.5(MWh) = 208,036.5 (JT)
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(MWh)
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