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[BIXENERCICEIFFAMBIEREICOVT, EiRE(IETED . AN ) OER (FER{EH . BEH#S. &
EIVUyhP SRR, EREE)D EMEN [CIRETED TV EN DD,

BARR(C(E, 2020FEHIEETEIO10FEEBOFTR/N\ DAL RFHBMEZNR—XI(C, S5ICBIRFBENEN
U EOFEE/NST ARG B REZEEL. BiESIARPERRRESZ1L -3V [ LDFHERLU TLKIE
ELTFEDN
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B BRICERCE. —B., EREME T 92600, B TRaEHE (FEAL, 58 UMNMBBULRWSSEIC, —REEESD
PIRFBERDOFEE . FFUFRF(CLZEmERZEIML. FTHat9E(FE =160 OIREICR S (BIREZEHET
B)LERRB,

B BIREQMYN-YERGEEEIR)IIEIMNTSEREDEENN R TS, BRBEROFRBIETAE—

FhViES B2 2 (BB EZ{LEROoCoF(Rate of Change of Frequency))hXEh 3. BiEENZ{L2RoCoFh*—

EEZLESE BIRSEODEERDIAEIIL, TOMRER, FiBEBH ESICKREURT IURINELS.

B Ffo. FECRIRENZEALISHU T RFEIEICLDME 2 DFEEHDRER/MREEE T L. BiEUIEBIROITERIT T,
[ERERZALZRROCOFNRITEARDTINELDOAREKBDIIENEZI SN B2, FHICHEERL CUKEN' DD,
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(B%) B’BIEHOHE

o RIMBHPBIROITE(CLD. FEIREN AR T IR, BEDNEVEEREIE T DR
E—RHMEONERD, ABDINICET RN TE FETBIIRIMET.

o ZHBINIBENNMES EFBRAICLHIEIENMEADLFET DU INEN.

o ZIBFNUERNF(CERTEMGHIFOREZRIEDLD. BENERCATARTEEE.

Arresting Period
| Rebound Period Stabilizing Period Recovery Periocd

Value A

60.00 |
RoCoF (Rate of Change of

Frequency) : R EREFDF
SRR T 2 (Hz/#>CaEMh (K
E(Zo.5%))

Value B
N

Frequency (Hz) /

System Inertia: R D1E M HEIIEERASHEIC
5. COEMN NI DE Point C Nadir (B T3%
RoCoF MK EL7 5, BB 4 T/IME) HNUFLSD & TE(E
B FTHRRIDHHH

UFLS(Under Frequency CEF
Load Sheddlng) : ZO){E;& e Secondary Frequency Control
FRHA TESEBER : >
I:gﬂﬁ{:—%%%%ﬁﬁo b Primary Frequency Contral >

L‘J 1:: 11(—1 310 410 &.Iu bIU flu

Time (seconds)

&

KETIEI0RE(CDE. MESERHINS
(44FF) NERC, “State of Reliability 2018", 201856 B# 8 [C B+ T/l E—EFER 55

(HE]E31EMEARBERDFI=(2020FE7A1H) &Rl
https://www.enecho.meti.go.jp/committee/council/basic_policy subcommittee/031/
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B EEDHPARENGE BRICESFNFEELEED. BHIEROMABABOECRE (LER D, o, BE(BEH
FRRE N )NIREVEE, MBERARA VL -5 VAWV NS WNEE, X ER]FEE /1 (P-ORRHFRDsinS —J OIRIE) (R E<BD.
ZOFER. FERMEII 8D, NS, IRTE. FAEEROEBEMHEITAE N F(CL o THEFINTLS,

B 15T, EMEROEICED. BEHMITEEDZFI AV TEE. RREDNBITHLHEZSND,
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i 26 N o e W22
: (& B 1 E45)
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P BB AN IR F—. P BRI D IRILF—
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P> RDEE — > 0KYRBRIEIES D Pm /// i VIVSEHERUAIE
2 1 El?l ‘Ab — | =] 1
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B gpREsD. BAROBIREARNRIMECERD, XBARENBIRERDOENLRDESD. [EADFHED
JIOCFHFEEN=(NITIBIRDFERMKWhILERTERIT-A(VUAJER ) ZHERULTLKCEBENT
FRVWEEZIBNBHEDIN.

B AT BINCBUVTIE. BEREMIGE(SIR; Synchronous Inertia Response)te. IR IEEHAEIR
EEZR(SNSP; the System Non-Synchronous Penetration)2EzBWTEIRL CLWBEEHD.

B HAROBIXREANRR - BELHDIRNRZEDLSBIBIETERIAZTHNCOWT, HiilTh R SR FHHARET (C
ShEBTHERL TLKZEELTIEESD,

BIHAEMEIGZS (SIR; Synchronous Inertia Response)

SIR = Z H xS, [MW's]

BRI L — TR, EREN LN TESNERT R[]
5 BRESEIMW] -

___________________________________________________________________________________________

Bos i B9 A2 I E[F HE EE R LEE SR (SNSP; System Non-Synchronous Penetration)

FEREIRH )+ A GERAR)
! L=l ERAR)
XIERIRIETERFEREL, BBEMEN DEAOrEH D1 DICEDIAE

SNSP =

A (GERE) (ﬁf’j’zﬁg)
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B YN (ERCOT) Tld, HEHEMEORINERELR>THED., EREEEZE (SIR; Synchronous
Inertia Response) ZAWT, RFEDIBHEDNEEEL TL\5, SIRIE. EFRERER CRFRERL TL\BEIER
HHCEZISN TVIEEN IR F—DHRIT. U TFTOXTEEINDS, AP KEHE. SIRZFOEETEEIN S,

n
SIR="" H;xS, [MW's]
l
H: SATEMTES (SEEBTALE—CELE, TRENEENTEINERTESR (1)

S: &fraE [MW]

B ERCOTT(L REBEE L4712 IZyMHELTH. BEERTICESRVSIRZS 1L -3 (CIDEH L. ER
L OSIRTFBRMEZ100GW * sEEZEL. U7IA1A LTERRL TS,
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B 7AILSDRRIFTE ERIEEORADRBELROTED. RENRIEFEHIEIRIEE (SNSP; the
System Non-Synchronous Penetration) ZHWVWT. AORES I RALEFICHDHIESEZETL T
L\D,

AR ) + oA (ELpE /i)

SNSP =
R (EEE R AR)

B 7L KR CRATE T ORI L e, BRI DI EB RN S0 % 2EAIBA B ERMUS LR
Eaﬁn,jgazyﬁgci?ﬁm&gmmz (RoCOF) UL—HEHEL. BICEIREOIE F %8| ST S Bl RE N BB EN
SMCEN TS,

n zabEEE&ﬁ&%_@ﬁ@“étm 752 RC IR SRR COIT RN RIERIEAEREREEBHIATLADE
M (C—TEDHIFIZERITHERLTLB,

B 2020FEF CICBEMMNRIEFEIEIRIE R 2 75%F T LT3z, EREAREFRLZIEREFTEDDHDIECS, &5
(Z. E|r7fgr|d’])lz TOEHD 5 M EEBE (Strategy 2020- 2025) (CHBWVT, 2030FEF TICSNSP%ZEI5%I(C
(FPBE1EZ:REL TV,
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J/?) — L©BHEHRECED BIRKEE A CMIFTARTT ZEDH TVD,

[BIXENERICICEIFTERKIC, #HR 1 TRIRTLZEEDER NS ORHTARRECHU T, EDLS
B R EBUBNEDMRET 2 HEH TLKZEEL TEEI DY

(535) FITRHIHI 315 e R Tilllas >

B FITRBIHEIZEOGICREL TR —AuXBEcEEEEN X (CBIRENZTFRIL TN EBRBFECEDL. /)
FTBABEENENZRBIEMECL THRALTED, EHHBITTEDORELEITHE,

B COiY. [BIENSEFHEOTAERE |[E— XA EFEENTLIEZERTH, 2020FEFTIEIRI -E
R I (MHEICIDEIR T FRIFH)CIDIIGUTOSN, 2021FENS =KD QICLDIIE T £L BB,

~iEf =] GC EHHE
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e INGE-FEEE i XECE
GHEEHR) ()50 20m44E0 35450, GCETORBHBERBHEARE | - CCUECELIRIERE
GtEERERES) 1 EIEMBCAEUZBIRTA
| mEewE
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\ BETFAEEco2m

FEEIHIE ®®
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IEIE(C N e 2020FEFCERI - BRI (WECKD
FIT4SBIBIEIC K DERBINETEC LR ZEFSD = R e (x

2021£FEN 5 ZIREAEED QI & DA s
P 8110 BAETRIRNF-—ASEA - REREHRYNI-V/INEER (2018.12.26) &# 3 —HRE

https://www.occto.or.jp/iinkai/chouseiryoku/jukyuchousei/2018/2018 jukyuchousei 07 haifu.html
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SEIRFTINERR(2) BITEZABINWEFDHEAL IS DOEMR
<EAMEZS>

o BEIROARKEEEANDEADERD—ON, IEEORFEROT TORGFFITHD., ZO5RARICE
3T, CNET. BBERHERARERAITHOIBERRIZI D& IR— |OH#HEE. ERiEHGiR
- BRIEREAEETOCAOERICSIIHERREDE(H . BIAHAOFHHOSEIL. BA
ZEIBETIAOHEAEZEEBADH LI —=ILDEESF ZEH TE.

e ZO—IELUT, 2021/ 77— LABUEGOLEREZEIBEICLELTUVAN. NIXT. BT
FEUESEH S ITHSHULLRYRI=I0HD B ELT. RERFIBI-IVOREL (/>J7—LRE
5t T (CBITDEEIFEMIFC. BIAMNIBIERRNAERZESO(CT7T—LTIERGEUTVIEIRIC
FLEUTEDEIEHEZZI5DEVOERBROER) REZEBENICEDSSBAETIRSZED T .

GamQ : EXSRAAIN-IZOREL)

o FEEMALRAEMCELT. SHROENEZELT. 2EXDORKREBOIRATI-TSZBIL
FDRTFIVINFERIAHFBDIGREL. CNITEEETERMZARFERETEDTUKICHED,. B
FNREERD(OVTREZREARCI O TEOERZER I FHIENRieaNT. HERLARICH
FB3BIRRTIIVINEEDLSICRIEZ. F-RAREBOEASIBDEDAIDOVTEDLSR
IW=VETEDHTLKD., Garm2 : Tv>1BIDOFRFEAZ)

o OUBEEHNEMIINZ. BEBESA T AFHEDRISCESI=HEOSEERENEE
iz, [BIRBEEBEBEASIOFREZRIBEALLE. EOSSREEER, 1752 8ERH (CEE(E
LTVWSHRENBZD . FIZ (S FROERCE I ZE B REC DOV TIRREED LS (TEHAL.
RO MICEVWTIHFEZYU—RUTWKESDICEDELSBR—F 2B UBIBELNHID. (Gas
3 : EEEBEDE(E)

(HER) 551 8EIFARIEEIRIF—KREEA XA HRARYNI - NER(202057822H) ERI2
https://www.meti.go.jp/shingikai/enecho/denryoku gas/saisei kano/018.html
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BT 2018 E 5 3 U4HA : 23,000MWs
—20194FE 5 4 IU-HA : 20,000MWs
—2020FE 5 1 FUHA : 17,500MWs

FEiR#EZ{tZ (RoCoF) :REREL 2018 E % 3UHHA : 0.5Hz/s
—201945 3Y#HA : 1.0Hz/s
BRI LZED _EFADIIR BEFD110Y—-ER(CHNX.
(SAFLHY—-ER) 201845 3 U4HA : FFR (Fast Frequency Response) #iEA

20194 E% 3 U4HA : DRR (Dynamic Reactive Response) &
FPFAPR (Fast Post-Fault Active Power Recovery)
28 A
HJyRI—-ROZEE BT )y RI-ROEEZIRETH
O BN ZXIRIC, TEFRFOEEHIE
O B W EEREIRZIZREUC. BRIE S EEERNE ) DEAY H4H
O )\ M ANRZMREVIEEMS (BARRNIRERZL)

[(Z=E]53EEER (BWER) ORNAD (EXRRL)

XK
[SZ ] BEHFADIIR D20194 55 3 M4 HA : DRR (Dynamic Reactive Response) &FPFAPR

(Fast Post-Fault Active Power Recovery) Z& A
QA1 ER%E — EIZEHER
IR 8515k 76

@ gﬁmﬂgggﬁm (HE2]DS3 Programme Transition Plan Q4 2018 - Q4 2020, EIRGRID, SONI, 2018

JAPAN
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u TSI RRCAE 7LD RTEILET >S5 -Y—ERX (HAS) FIECHEVWT7BIEDIATLAY—EX
(POR SOR, TOR1, TOR2, SSRP, RRS, RRD) H'F:EINTEI,

m 3FREIHEAE J?@’a)\imbﬂ(JJ‘FL?@'ZQE@%E%E(LME*EO)/ZTAD‘ EX (SIR, RM1, RM3, RM8) H2016%
10H (GBS AN,

B FTARIC3TEREDS AT LAY —ER (FFR, DRR, FPFAPR) H'2018&F(GENEAINT,

Abbreviation Unit of Payment Short Description
—
Primary Operating Reserve POR MW delivered between S and 15 saconds
I Secondary Operating Reserve SOR MWh MW delivered between 15 to 90 seconds
(::—- Tertiary Operating Resernve 1 TOR1 MWh MW delivered between 90 seconds to S minutes
E < Tertiary Operating Reserve 2 TOR2 MWh MW delivered between 5 minutes to 20 minutes
5;'; Replacement Reserve — Synchronised RRS MWh MW delivered between 20 minutes to 1 hour
5(11 Replacement Reserve — Desynchronized RRD MWh MW delivered between 20 minutes fo 1 hour
' Ramping Margin 1
Ramping Margin 3 RM3 MWh S i"“&?;ﬁ;‘j" gf“:feft“ﬂﬁ“t; "ﬁmﬁgiﬁfﬁ&fﬁfﬁﬁ_a Sl
. Ramping Margin &
F \
(C Active power =90% within 250 ma of voltage =90%
% VAT capabilty duing large (-30%) voltage s

EHLRBMEERERES
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N TWD, HESNIZIEEDOGETE12.5GVASTHD.

EORW>235)-9—-ER%R M TS5, BH AILEZERL. 2
A FTORFEE 1,

B National Grid(Z. 202051 B(OXEFIFIEIRT —EXTHB[ Stability Pathfinder |22 233 0U712(2020
FeANSIERY —EARIG). 5BEBDHAN. HK. EEMME

WSEALEN. 2026FF TOEFIRAR T

M ¥/, National Grid(&. 2020F10AMSHFTEREIKRZGEREY —EX (Dynamic Containment : DC) %ZfH
AUl BIMLARZES=ICBIRBOEZ EICT LT B2, Eﬂ?d)ﬂ}}%ﬂl;ﬂ*ﬂb‘ EX (FFR) (CHEARTRIEIER

FHMEFICEHYEEAS500MWZFHZEFE

(2021F(CFLIGWIHLKR T TE) s ALICEHSDBELAMTHNEINTEDN JNwTU—HKF % E8HDRIAH. IRK

Stability Pathfinder — Phase one

Stability phase one tender GB wide - tender award End Jan 2020
+ To address our national level stability needs

» Solution delivery between April 2020 and April 2021

» Contract award up to March 2026

» Limited to synchronous technology and 0 MW

+  Awarded ~12GVA's of inertia

[ i AT ] https://www.era.ac.uk/write/MediaUploads/EPRI%20Presentations/Talk_5_-_National_Grid_ESO_-

_National_Grid_ESO_Operability_and_Future_Inertia_Trends.pdf

@ E?JE:HE@EE‘?E%EI&E&

DC service specification

Service specification Details

Deadband delivery 0% (+/- 0.015H2)

Small linear delivery Between 0.015Hz and 0.2Hz (maximum of 5% at 0.2Hz)

Knee point activation +/- 0.2Hz 15 5%

Full delivery +/- 0.5Hz is 100%
Linear delivery knee point  0.2Hz

0.5Hz

Full activation

Full delivery 1s {but no faster than 0.5g)

[t AT ] https://www.nationalgrideso.com/industry-information/balancing-
services/frequency-response-services/dynamic-containment
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B oA KETFFIAMN (ERCOT) (CHBFBR7>3I)-H-ER (& OFERKEEAEEH (Reg-Down/Up :
Reguration Service) . QIiE#IHZAZ ) (RRS : Responsive Reserve Service) . @@/
(Non-Spin : Non-Spinning Reserve) . @&/ HIfE4@EB) (VSS : Voltage Support Service) . ®7
S9HIXA—k (BSS : Black Start Service) . ®YAKZ> (RMR : Reliability Must Run Service) ® 6
DIV THhZESNTER

B JFERAEIROEB AN IET Bz, RRSIC2020F(CERERKEISE (FFR) ZiBHN. 20224 (CRRSH
5100 ANDRAENZZE2 K FwH) (ECRS) (LTHBEFE.

Revision to the AS Product Set: NPRR 863 approved FFR & ECRS (NPRR863. NPRR960
| ( , )
Current target for FFR implementation is March 1, 2020 Complete defined stages of core system and service improvements.
NPRR 863 ) : o )
Current Framework * Modify Responsive Reserve (RRS) to be primarily a frequency response service and
o Gl | creaté a new Ancillary Service: ERCOT Contingéncy Reserve Service (ECRS).
157 to 687 MW 157 to 687 MW
FFR
S : gggegﬁ;:gﬁﬂ::mﬂ;;mﬁ;ﬂ&?ﬁz;w‘ e [
Fast Frequency Response (FFR) PFR
+ PFR capable capacity reserved or Controllable L
Responsive Reserve Service Load Resources on UFR - ik 1,150 MW st be provded by resources capableof PFR - Changes in Ancillary Services as described in Board approved NPRR863 and
i Load Resources on UFR NPRR960.
1. PFR Primary Frequency Response (PFR) - Triggeredat 59.70 Hz and full response in 30 cycles
2. Load Resources on Under * Sustain until recalled. Once recalled, restore within 3 hours
Frequency Relay (UFR) 2,300 10 3,200 MW = Beyond the minimum PFR, up to 60% of total RRS can come from Load
Resources on UFR or FFR
3. 10 minute ramp m.’m" mm —— p—
2:300,10.3.200 MW (Em) Geperation _
10 i . gfg:‘:'[e%i:r\esccaggammt can be converted to energy within 10 minutes
minute ramp * it Y
TP Load Resources (UFR not required) » Phased delivery through separate projects; no earlier than January 1, 2020 for Fast
friayiar iy ok be S UER e s S g e bt b e o Frequency Response (FFR)-related language, and no earlier than January 1, 2022 for
508 0 1,644 MW ERCOT Contingency Reserve Service (ECRS)-related language.
; i No protocol changes. FFR Implementation ECRS & FFR Implementation
Non-S; Non-S . method: r i ce quantities i -
;’Zp..f.:d i ;‘:&i'js““”*“”“S‘*"’;,::‘edu"c"éj?,,"é'é;'é“"‘“""‘ Effective Date: March 1, 2020 Target Completion: 2022
. : b iSniiGES, Total Budget: $600-650K Total Budget: $2M — $2.5M
Overall A/S: 3,807 o 5,958 MW" Overall A/S: 3,807 to 5,958 MW" 2020 Budget: $275K 2020 Budget: $1.1M
C~
*Quantities 2018 Ancillary Service “Q ing this reference. **"Quantities estimated using this reference and Er c 0 ‘V
mﬂsﬁnﬁ;&m The intent of this siide is to represent NPRR 853 (with STEC comments from 10/1/2018). Protocol language prevails to the extent of any ltem 8.2 " 17
e e o 5 ERCOT Public
ERCOT “Ancillary Services in ERCOT Participation by Energy Storage Resources” ERCOT “Item 8.2: 2020 Major Projects Update”
http://www.google.co.jp/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi2mtyLh7 http://www.ercot.com/content/wem/key documents lists/181564/8.2 2020 Maijor Projects Update.pdf

bsAhUTiZQKHXNDBeQQFjAlegQIChAC&url=http%3A%2F%2Fwww.ercot.org%2Fcontent%2Fwcm%2Fkey_documen
ts_ I|sts%2F165204%2F15 AnC|IIary Services_in_ ERCOT -
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20124 : FEIREGRZEEREE(E

2L TV, 45(C, 2012 LUME. BMOFREZSOERE
BE/FERHOTLB,
20094 : ERCOTADE 4 YA "OUTIAA LT iR (£ THE

%7 —5%Z AL 2009 LDERCOTH 48R SEF CORAN Iy bOH TR IRTEFERCOTHS
SEBSEHEBNT —IN XN, 168K ST TORES] - KE 1Ty bOLE TR X it

: ANFOU—EER ([RFHDROBAHCF G TERVE D FEEZFR)

ATHD, ERCOTIFRANFEELSOBEREH
ENEIRICOVNTE, EREEBIRE ERRDEIR

ER)

- RERER GEREERCFEU5%U T OHRER)

— NRE (ERBEREDIZEEREE L 34mHz(C U, 2DDE
FLEINEE36mHz) (CERTE. 22U, —EBE FHRI)

BIROJ )y RI-

EIR(CDULWTE17mHz (2016

ERCOT Wind Generation Forecast

4. ERCOT uses 168-hour
forecast to make
operational decisions
including unit commitment
and dispatch

1. Wind plants send site
location, status, derate, and
telemetered meterologic
data to ERCOT

o

2. ERCOT sends /
information from wind /
plants to AWS Truepower
3. AWS Truepower
o SEESNY o computes and sends
*"\H‘ - :—j‘g ERCOT a rolling 168-hour
%4-‘ > e fa generation forecast for all
' - oy N wind plants
b oS \;;f :

Bcive 0N Texas Nodal Markat nplementaton

01202008 | 02001/2008

OB1B2008 | 0310172008

06/15/2010 | 07/01/200;

05182010 | 010172010

117162010 | 1200172010

er Cot AWS Truepower

PUBLIC

ERCOT “Integration of Renewable Generation in ERCOT”
http://nepp.se/pdf/Renewable_ERCOT_Matevosyan.pdf

University of Texas “Impact of Renewable Generation on Operational Reserves Requirements: When More Could be Less”
https://live-energy-institute.pantheonsite.io/sites/default/files/UTAustin FCe Ancillary 2017.pdf
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