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FERC (Federal Energy Regulatory Commission : @I LX)V —iBHIEES
« KEDRBHIME T, MNEXCEN, RANTRA, OBICEANDIZEEZEES

NERC (North American Electric Reliability Corporation : It KB HEFRREHRS
« L XV DOESFZRMDIEFEE M DIZHICERYI SN TCHIRBV/SHEE
- RIS BEZMIT I DICOHDEEZIFRK
(MEEEE RS
NERCOEEMEZE8 DICHIT. SBEDEBEREDIETINGEFZER I D

M EEE S

f ‘-\ \>_,
. | - \dSO/RTO -
] .'\___p\\\

H B8 :NERC HP
(http://www.nerc.com/aboutnerc/keyplayers/pages/regional—entities.aspx ) Hi 88 FERC HP

@ RALHAEE AL (https://www.ferc.gov/industries/electric/indus-act/rto.asp )
o o A
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http://www.nerc.com/aboutnerc/keyplayers/pages/regional-entities.aspx

KEICRIT SEREEDRE 4

O NERCIE 2005F ITRIVF—HRAICEDE, KROEAGIEFREE Z 51 L.
CDORERENER
BU. PFTHY—ICET SM—BIEEEDREICE I DIERITHE L CTUVSRY

O MG ERBEMICHUNTIE., SHEDORBHZBFZD | SO/ RTOF TERESNT
MBS HarEEE UCSHE 2=

O BLU. tiEgEfEERE=D 1 D ThHDRF C (Relability First Corporation) IC
DNTIE, BIRINESHIGERBREDEEZRTE
= UZEECEDE, PIMIINFGEEXSEBZ \SSEEREFE2EIH T (FX)

KPIM:KELHHDORGERE

EERC Eememm
NERCIZ®L . BE. . 10FELEFTORB T THI—HEDENE
EFERCADMEEZFE DT (2005F TR ILF—BEE)

NERC Rty comat -~
fEARRE TR

RFC (Reliability First Corporation) |

LOLE=0.1(B/E) T B EEHBHDTURK AT RED
RAREEZ10EMICIBURET RIE)
(FHEEAAEREE 2 4 - Sl - SRS L %) [

LOLE (Loss of Load Expectation) :
FRASHhLIBOTBREMM

EHRICEHE (156 8. 2~5% 8. 6~10F BIcEh T h 1E5HE)
'Planning Coordinator (PJM%) % RPM (Reliability Pricing Model) : BE 15

l’éiﬁ&ﬁ%iﬁ%ﬂﬁt IRPM.;J'—’J:/a‘/«fJ)%fJu%i%
(PJM%&@#E%H&EI%&B%? BIETR
INTEEE R 55 Lot BR(EBESEE) | 78|
(LH)
@ BN B A - BEOOHIERFTWG BRI—2
B e ( http://www.meti.go.jp/committee/sougouenergy/kinonseisaku/denryoku_system/seido_sekkei wg/pdf/02 03 02.pdf )
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KRN R SESRIEES >

MEZFEESE (European Commission)
« BRINDEEREITHREI T, EZEDOERK. 1THBENIT 208
ACER (Agency for the Cooperation of the Energy Regulators)
« BRI DR FIERS DB D 7358 2 B4 SRS
« EHOERIGICEET DN FS1 Y. RRAIR « ERICEAT D E R
(—Ry D=0 30— F) OREFICEND
ENTSO-E (European Network of Transmission System Operators for Electricity)
« BRMNDT SOBIDIHERZHDICHOEFRESEBEDEAE U TERIISNICIHE
« RRINKDA1ONFERMAETBEDRED, RFAMA « ERICE I DL ERBIDREF 2=

BRMZER 2

B 5 5

A
Himl - Bt
i — — B —

i

" . = - %a)

R~ STL7= TSOs 7 5 (BE) \ ‘
[BEEWRRE XEFRESE
HIAME A OB DR — I TR (ﬁ[ﬁ%ﬁf%é)ﬁ)\ F_V‘y>

( http://www.meti.go.jp/meti_lib/report/2015fy/000177.pdf )

@ BAHLSAE 2-3 EULVSATORBRICEDEE 78— 07 —v—0ORHE
Organization for Cross-reg ‘I I Il H-H‘ ]\‘_- Y M JJR


http://www.meti.go.jp/meti_lib/report/2015fy/000177.pdf

RERICHIT DR EREETHIHD 1 A=

- RS EREENMEIT DD AT,
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e NE LU CR 7\?—&*7&0\%0)0)

oD CRBBOEDZF RO LU TKRD
ZNEBXO>TNNDCENS, BRID
ZIC DN TOFMSIER DN

CCIIERAKT

EREEDSIEZLLRT DEZES.
- JHDONBE R/ DDE ﬁ?ﬁﬁ@’fﬁ%gla
X [E (NERC)
NETEES
:_ Anticipated Reserve Margin = Reference Margin
T, s HEL
THEFTELGLY
ﬁ_‘I*%O)ﬁ%ﬁ‘\ﬁﬁ Anticipated Reserve Margin
TARAIU T
Reference
i Margin
#tish
Existing Certain

(He)
* NERC : Reliability Assessment Guidebook version 3.1

( http:/lwww.nerc.com/files/Reliability%20Assessment%20Guidebook%203%201%20Final.pdf )

Adequacy
Reference

Margin

REMPEICFCE
ERJ (ENTSO—E)
| (AR )
I . .
L _Remaining Capadity = Adequacy Reference Margin_ _ __ _ _ |
Sys::;zriimces Net Generating Capacity
SHEE L 31 UCTE (20094 (ZENTSO-EIZH#iE) DEHIZKDE EE
HESME L EXREMEFEEICERBOCEEZHIFT H5-OICH
RIDFHENDELTERSINTLD,
El*igﬁ%@ﬁﬁ
TARABIUE .. .
Remaining Capacity
—
Spare
Capacity
@éffﬁj] Margin against
Reliably (Seasonal) Peak Load
Available
Capacity ﬁ?g
\ 4

E:&/\/'CL\LV&L\*E*%

« ENTSO-E . SCENARIO OUTLOOK AND ADEQUACY FORECAST 2013-2030
( https://www.entsoe.eu/fileadmin/user upload/ library/publications/entsoe/So AF 2013-2030/130403 SOAF 2013-2030 final.pdf )



http://www.nerc.com/files/Reliability Assessment Guidebook 3 1 Final.pdf
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KE (P JM)

B E N ORER
 KEREID13METVY FVD.C.
- 15,5000kWiEE (201 3FEF=HEIR)

MNAEEBY
P JMADOHEIGIEBEDH, RONTEXSES
[CERIHIBD (B2 BREDER
o . PIMEETT
SREFIANOFHIDZEE

 LOL E (Loss of Load Expectation)
« 10%IC 1[0 (one occurrence in ten years)
D S2BDDAEERZBBICETE
[BZDDEDRAZZICXII DNEERXS5H (EH) J
Q) AOTKRDOEE2BDDAREXREESSTLUCLOL EEZ&F
X AREOAREXRIERTIDIKEERTZLTND
INE Sl

15.7% (2O01450O5HBICHITD201 8/201 OFHE DR E)
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KE (P JM)

= %B g % Normal Distribution Values Normal Distribution Graph
Q Z1N Sigma Probability

;723 gggg?ig 21 point Standard Normal values used in RRS
< ‘ﬁ‘ g DR %B ) 3:36 0:000638 .
- ) 252 0o0727s 1
- 2.1 0.01894 = ‘
EEDRENREIFRDMICREDEDE s oo :
. . >
L. ,u\ﬁ%gh_xj L Cx4.20cD&EHN oi2  oriaie
0 0.16634 &
D21 ROFBEZEC U TR RERZ S8 e ,
e o )
E E 72-.1 0.61894

-2.52 0.007273
-2.94 0.002351
-3.36 0.000638
-3.78 0.000145
4.2 0.000033

(BEOFEMELE) RREDORE
BEDBHEREICEIEENMICLD, REUEICHBINSLERE
SRS
Z Dt
MTUPHSORE . BETUPHSORE (BA3500MW) EERE
N FERERIRIR GERWR) 1.9%(17.6%—>157%) ]

()
* PJM © 2014 PJM Reserve Requirement Study
( http://www.pjm.com/~/media/planning/res-adeq/2014-pjm-reserve-requirement-study.ashx )
* PJM : PJM Resource Adequacy Analysis (PJM Manual 20)
( http://www.pjm.com/~/media/documents/manuals/m20.ashx )
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XE (ERCOT) 11

n RARE
e I 2N
- 6,700/0KWiZEE (2013FEZ=E)

" FAB/Y
ERCOTIUPADOEIGIEREE Z5HD

" EEFERUTHHERESE FROOTRRTYY
« LOLEV (Loss of Load Events)
« 1 O&FIC1 1@ (1 loss of load event every 10 years)
« 8,760BEDDEYTNILOYIaAL—Y 3V ESENM

% LOLH (loss of load hours) . EUE (Expected Unserved Energy)
([C KD EENM

n INEFED
13.75% (2010FICHITD2012FMBDEEIR)
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*XE (ERCOT) 12

TENEZE % 2010FICERCO T DBoard of Directors CRRSNEEE,
ZNUME. FEORBEULATHNTNS
(EZBZE)
E?GD—L/@%%EEE&:L\ S5O0 FT)ABOEEN—TEER L. TNEN
DABHEREZETF, SYTUZAOEMMIIT UICAREREZESFTUCLOLEV

d

Ek’fr_'ﬂ

@ Extreme summer weather (JE=) 1 10%
@ Warmer than average (EESUEMLE) 1 23%
@ Average weather (GEEXIE) : 34%
@ Cooler than average (EEUEIUT) 1 23%
® Much cooler than average (HE) : 10%

(BEOHENELD _
BEDSHEBICEDSERDMICKID.,. REMB(ICETEIMZIEEFRESE

(RAODOEHEE)

BEDRSFT —IND68760BEDDREDDE /NS — Y ZEK, XIRB
ZSTEIR 7 BENG. SBZBORAODEH/INT -3 Y5 LTER

(&)

« ERCOT : 2010 Loss of Load Events(LOLEV) Study
( http://www.ercot.com/content/meetings/board/keydocs/2010/1116/Item 07 - 2010 Loss of Load Events (LOLEV), Target Reserve M.zip)
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http://www.ercot.com/content/meetings/board/keydocs/2010/1116/Item_07_-_2010_Loss_of_Load_Events_(LOLEV),_Target_Reserve_M.zip

(Z35) ERCOTORHFERRBL 13

ERCOTOREEMRRBUICEKLDE. 2018FUEDOFIHE D (Anticipated
Reserve Margin) H'. ERCOTHEDH TCL\DUNEFIE I (Reference
Margin) Z=T~NOd8&EL ThdD,

Peak Season Demand, Resources, and Reserve Margins!®! X ‘
Demand (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Total Internal Demand 69,057 70,014 70,871 71,806 72,859 73,784 74,710 75,631 76,550 77,471
Demand Response 1,917 1,917 1,917 1,917 1,917 1,917 1,917 1,917 1,917 1,917
Net Internal Demand 67,140 68,097 68,954 69,889 70,942 71,867 72,793 73,714 74,634 75,554
Resources (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 76,751 77,673 78,478 79,360 78,760 78,760 79,060 79,060 79,060 79,060
Prospective 79,574 81,486 82,991 84,361 84,972 85,343 86,014 86,384 86,755 87,126
Adjusted-Potential 79,574 81,588 83,172 84,580 85,251 85,621 86,292 86,663 87,033 87,404
Reserve Margins (%) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 14.31% 14.06% 13.81% | 13.55% 11.02% 9.59% 8.61% 7.25% 5.93% 4.64% |
Prospective 18.52% 19.66% 20.36% 20.71% 19.78% 18.75% 18.16% 17.19% 16.24% 15.32%
Adjusted-Potential 18.52% 19.81% 20.62% 21.02% 20.17% 19.14% 18.54% 17.57% 16.61% 15.68%
Reference Margin Level 13.75%  13.75%  13.75% | 13.75%  13.75% 13.75%  13.75%  13.75%  13.75%  13.75%
Excess/Shortfall (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 379 212 43 (139)  (1,937)  (2,989)  (3,742)  (4,790)  (5,836)  (6,882)
Prospective 3,203 4,025 4,556 4,863 4,275 3,594 3,212 2,534 1,859 1,183
Adjusted-Potential 3,203 4,127 4,737 5,081 4,554 3,873 3,490 2,813 2,138 1,462
(Be#)

* NERC : 2014 Long-Term Reliability Assessment
BhEBE S ERE ( http://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/2014LTRA ERATTA.pdf )
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KE (WECC) 15

n EEEENMUORIE
- ALK DEREHER R
+ 15,300BkWi2E (2013FEFXER)

" FAB/Y
WECCA D5 1ERAE & 5HiD

" BEEERUTImEE WECCRBTY7
Building Block Reserve Margin (BBM)

« WE C CIRD38MDBA (Balancing Authority) &BIC B BMZ&JE,
ERE 4 DD (Subregion) IC91F, SBANBBMENIE T
FDCECKD., MiEEBOBBMZEZRTE,

m MEZREH (WECCEHE)
EF 147% RE 146% QCO14F0OEEHBR)
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BRI FE
MTRDO4BEBBDREHALEITFICKNETE (BBM)
@ Contingency Reserves

REBEEN-1SBHIFIC10DMURICIT POERLIND Y ZAZHBFIETDIEHD
FEH. BA (Balancing Authority) OEZDHM 6 %BIZE

@ Regulating Reserves

BEFEEFE (Automatic generation control) TiEA T Dspinning reserve
DE GHFBIIREBTHDN., BAOREDENEIRICXTITDIREBEHESATINDED

sciidd )
@ Reserves for generation forced outages [ s«
N-2B I BIEHDF 7 S T—
@ 1-in-10 Temperature Adders o L gy resee
BEDUEERBN' O 10%DERTRE T DA
R (RIJETR) CXRDESEBICXIMIDIEHD 7 [ e
%ﬁ% jj 4,800 - # Forced Outage
4,600 - W 1-in-2 Temp Demand
(D) Forecast
« WECC : 2014 Power Supply Assessment 30 3
( https://www.wecc.biz/Reliability/2014PSA draft.pdf )

* WECC : Loads and Resources Methods and Assumptions
( https://www.wecc.biz/Reliability/2014LAR MethodsAssumptions.pdf )
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M B8Y
ENTSO—-EICRITIRFROFBHRINRICDONTAE

SEFANOTHMESE xsSEFEOFMIERES

FlE7D (Spare Capacity : SC) (&, S VY AZFEHREINDIO%ZI/N—79
DELT D, BHEDICED TN I DiHE (BIAIFENTSO-EZEAK) IC
F. REEFEEZSE L. Net Generating Capacity® 5 %IZ35%5E.

c EE2ZE
- BROFTEIMSLE
o K. &S

INE Flm
Net Generating Capacity®5%~10% (2013FDEFEDBE)

(B8
- ENTSO-E : SCENARIO OUTLOOK AND ADEQUACY FORECAST 2013-2030
( https://www.entsoe.eu/fileadmin/user upload/ library/publications/entsoe/So AF 2013-2030/130403 SOAF 2013-2030 final.pdf )
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(EINEBNTFRORIRICEITSREETDH T\ SEDHD
i

TSR LOLE: 3B/ BSICTHRE
N)L¥— LOLE : 3fF5fH. £ BSIZTRE

% [E LOLE : 3fFfE.~ £ %%gﬁ%é e
o5 LOLE: 45/ & —

(23] REOEEH

Ofgem ( EEDED « HARGIBB) [CHDEERR

« BTHEIE : 2014~2019F0D&X=E
. ?T@Jgi TB2LE), BROFTEIMSLIE. BAODOED
« STHIEER - 2014/15 1EEEUTR
2015/16 . 3~5FE,/ &
2016/17~2018/19 : 25EREE &

(HH)
* Pentalateral Energy Forum Support Group 2 : Generation Adequacy Assessment
( http://www.benelux.int/download_file/view/4189/3852/ )
» Ofgem : Electricity Capacity Assessment Report 2014
@ gmxm@ggm&m& ( https://www.ofgem.gov.uk/ofgem-publications/88684/electricitycapacityassessment2014-supplementaryappendices.pdf )
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« BRKICRVTITNON CUVDEAGIEFREEHD CIE. BACR U<<ERNFEZAL)
TR EDZEEL TND,

« UD\U. 2P DOBRNREEFE GHDXIREE. sHIEE ZEER
F) & B - MigsCERD,

- RO ZIRFT I DICH. SFEDFMTOVNTREZEDDIUERN DD,

(BAREFENEDOFETEN)
Gt xyZRETm)
- BA  SAOBEBORAEE
- ENE  BBORAER. 8760IH =
(GGMah )
-BAA 0388
« SEANE  O1@,/F. 3 ordEE,F. OOBDEREELN)L =

(BIBF=R)
-BAX TR [SROTEMSLES o THK]

- FBNE . [FHRE] %EEOD%ES’FFJJ:J IZ< DM TSE
[k« TRAODEAD] ORENI—EDHIE TSR
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KE (NERC) DERERZECHITDIED 21

NERCHTE s BReliability Standards® 1 D “Standard BAL-002-1:
Disturbance Control Performance” ICId. M T’O@DEHHNTLND,

- Balancing Authority (BA) (&, #B3LICRZ2Contingency Reserve ZTEiR,

- S OEFREETHIHEERS (L. Contingency Reserve policiesZESH D,
- BAIZ, BELRER 1 5O¥IUAIC, ACE(Area Control ErronfEZTF0O (&
BIDACEBNIEXZ I CPODEHEE) FEFBIEEBRIDE (BIDACEED
BNERE) ICOEURITNIERSE0),

*1 Disturbance Recovery Period : 7 71lb1 55

« BAZEZ[3Reserve Sharing Group(RSG) (&, 9 O 0 2UNICContingency

ReserveZzTEICEITURITNIZEZSIR0),

%2 Contingency Reserve Restoration Period : 7 719 O
( Disturbance Recovery Period(15D) O 00> )

@ RSB R _ |
Ol S o Gt o H{ B : NERC Standard BAL-002-1 — Disturbance Control Performance (http://www.nerc.com/files/BAL-002-1.pdf)



http://www.nerc.com/files/BAL-002-1.pdf

(Z5) FHEBDER 22

(XNERCOEZZEICEHFBICTERD)
- Contingency Reserve : IEBIFDRED (FiwH)
* Balancing Authority (BA)
SHICHBDDFTEZERD I EH. T PADER/\ND Y A ziis 9 DEE 2/ DM
* Reserve Sharing Group (RSG)
2B EDOBATERSNDIIV—"T, BEDH (FwH) ZEDTHT (JIL—TRT
DS L. FERBEDRBED (FiwH) DUBICE >IEBANELET D,
« Area Control Error (ACE)
BABKERMRDERR ESTE RO RECARBIRECEHAREZZER UICED,

;‘EML wone || ACE = (NIy = Nig) = 10B(Fs -~ Fg) - lyg

s _237 ACE, * NI, : Actual Net Interchange (EEDERIEEIR

B ol ACE, ' *Nlg : Scheduled Net Interchange (GBI L DERIFEER)

© ef / - B ! Freauency Bias Setting [MW/O.1Hz] CGRiEEREIFEELED
szi *F,  Actual Frequency (ZEERDERED

*Fs © Scheduled Frequency G&‘—‘iﬁiﬂ?ﬁ%ﬁl . KE60H2)

H # : NERC Standard BAL-002-1 . Disturbance Control *lye : Meter Error (GHAIZRZ. BEEFFO)
Performance (http://www.nerc.com/files/BAL-002-1.pdf)

i 8 : NERC Implementation Plan Project 2010-14.1 Balancing Authority Reliability-based Controls- Reserves
@ B R L S (http://www.nerc.com/pa/Stand/Project%202010141%20%20Phase%201%200f%20Balancing%20Authority%
s b 20Re/Project 2010-14-1 BAL-001-2 Implementation Plan-Clean-20130201.pdf)

erators,JAPAN
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http://www.nerc.com/files/BAL-002-1.pdf
http://www.nerc.com/pa/Stand/Project 2010141  Phase 1 of Balancing Authority Re/Project_2010-14-1_BAL-001-2_Implementation_Plan-Clean-20130201.pdf

KXE (WECC) — Contingency Reserve policies I 23

ReauirementsMBIR oxswimnsosmisre)

« BA. RSGIE. UFDOWNWIFNHONAELNF5ZContingency ReserveD&RI/INE &
LCHER, (ReserveZ{EAdDBEFAERDOG OnEZRS)
DOREERIE—HECHEHET D=
QFEZEDIB+REDIWBICIEHT D2

« Contingency ReserveMW3< EEHE2(E. MUTDORBICED [Operating
Reserve - Spinningl & UCHER,
@ ANTZFEFMBOFHEHEREICKD. BRARECEHDICHDEINICNEG
@ 1 ODURICTIVEDE TS

@ vasazraen Hi#2:NERC Standard BAL-002-WECC-2 — Contingency Reserve (http:/fwww.nerc.com/files/BAL-002-WECC-2.pd)
0CCTO Transmiss \’glfsoﬁgtmﬁ%‘ym aon



http://www.nerc.com/files/BAL-002-WECC-2.pdf

KXE (SERC) — Contingency Reserve policies 5! 24

1 = = T w _RE
Contingency Reserve 2 000MW (BEEE L) PIMENDERAI_Y ~rB=2D
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Figure 13: Dynamic hierarchy of Load-Frequency Control processes (under assumption that
FCRis fully replaced by FRR)

BEA0E S HE RS H B8 : Supporting Document for the Network Code on Load-Frequency Control and Reserves (ENTSO-E , 2013.06.28)
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Figure 27: FCR dimensioning - fictional example
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Figure 29: FRR and RR Dimensioning — fictional example

BEA0E S HE RS H B8 : Supporting Document for the Network Code on Load-Frequency Control and Reserves (ENTSO-E , 2013.06.28)
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