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VWBOTEBVN BIEFTFIER) QKRB -BADESILAANDOMIG (51E_LITER)

JEBR CAISO ERCOT
(AUI-7>) (WECC)
WRNHBIE
TR © S o o x o o % o o
HEDHE IRF—TUR - BE-fSRaee | BRI - Svenska NRBERS NIIPERS PIM NYSRC (Z1—
Z & (DECC) BIFE- IRILF— F—-BLE Kraftnat = (CPUC) = (PUCT) (TSO) IA-INERE
& (MEDDE) (MINETUR) (XERt) HEs
BHEDKES | LOLE (£38F = LOLE (#F38f XBEMBMNE | e EETTSON ® L OLE(10% ©® | OLE(105 ® L OLE(105 ® | OLE(104F
&= ) i) TENTLBH, R INEE [C1[E) (1) [C1[E) (1)
RN HIE BRI FAHSID | XWECCTIE. KERFIEC(ERE KB,
EEBLRL, LRR% Building EHEF O™ NYSRCD
BATREVRE D 2,000MWE Block ZRBIH(C, Installed
TBFFIEET. ME (FAL Margin fhnigEDE] Capacity
TSONFREY #RAIT2020 (BBM)ART [N Committee
ZHEMIRE FEFTORE B2l PUCTTARET [CEDEHET
AFLICE DA ORESE%R H, TRERNREE
TRHHR TRE ) n3
zENS (e} 0] (e} X (e} X (@) X o o
BEERE | XHEEBERIC %2015FER XINICTED X"Energy Only [ xZHUZKDPIM | XThICED
b (&, Capacity SDAFROT CAISO(FiE Market“ T, (LERUET NYISO(FiE
Market S|OVTE FABRE T E AETFEL NEERBE FMETRE
Warningh'%& Mo 2120, LRBEET EREEOT BEBFREEL ERZERIET
[N, TR 20175E5y fEhzELdh fENLdEE IS THE fahzEsdm
BEEIRE ([CDWT(3AT B THRIERRE DOBNDEFF AJHE S THERTAE
EHNDD. FILENE 230
BIE-13

RIS =R ST

I RHEArE (BRMENTSO-EDZEZX75)

o RHMEFEEFHMMICOVT(E ENTSO-ETESFUADATECE DIVT, HAFERHEMIE (CH I HIEG=ED
BAREBZEECRIMEREE M ZITo TV, e FimH (RC) &7Fhd—-UJrL>R-X—2>
(ARM) OLEE(CEDEHIEHMEIENZHIRTTZED,
® 22U, ZEMB (MG EEEFIZITOTVRIBEEE V), . RETEBEMBEDFEUDECHNT,
LOLEICEDHIR N2 HEFRNDNERETNTVD, Feo RAYTEBIE SR TS ERETHMECD
WTHRESZ1ToTLV% (Pentalateral Energy Forum) .

System Service

Reserve

Non-Usable
Capacit

Net Generating
Capacity (NGC)

Reliable Available

Capacity (RAC)

Adequacy Reference Margin

E [SFUARE - 7T H - RBERSENCTEEOR B ERAED.
HiFf) ENTSO-E Long Term Reliability Assessment
wME-14
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I RAEAWE CREINERCORAAMHGEFREFHOOEAIL—L)

o ILXKBHEFEWHS (NERC) (&, REAMIGEREEFMEL T, MCS10FE0: HfiZ1ToLong-Term Reliability
Assessmentt., BT 1 FEDEE/LZZE(CHBII2FiRH0OEMmZITS. Seasonal Assessmentz 5
X NERCOISHIEICRIT 3B CRR LB A LTI EL & TERA L[ — E DR NGB3, toth, RAMSEEMECOLTHE. BASHEAFARL (Non-binding) .

o ERHIEFEEIMIOZEZ S X TROBENTHY, FitiFdReserve MarginsMiit. EARKICCORHRISA>TEMEINT
(AN
® FEE(Net Internal Demand) : BEOSEEMFICEIKE-IFEIEE (Internal Demand*)H5, eI fERFEE2HIREED
(EizafEIR. SRRy, CPPRNE) #ZEUSILWVehD
e {##a1(Anticipated Resources) : OFHIUVIAOEIFEREFORBIENS5. E—/RMHICHERMIXBENIRIADHZIEOD.
QFIET A TR GESFRUESE IO IV NORESE. OBEHIITIUINMSOMATE (FirmiTixX 2%
DED) OEFHE
o EHF{HEFE(Reference Reserve Margin) : READMIGEFEE HMMCHID, BELRZFRX, HIHIV7 S (BETRERE
EDEZHERRD. BEFHEOET S EMFEVRVEIEITUTICOVWTE, 15% (HEHNNHERDZE) | F2(E10%
(HHaHONKDERDBE) =EA

XEBROE-IHBEN TR LEIZHRL T O2EENENTNS50%(CRDLIBE -V HBEAE
NERCIc & 3 RAMEFAE MDA

<FHIE#E : Anticipated Reserve Margin = Reference Reserve Margin>

Anticipated Reserve
Margin

(Anticipates Resources - Net Internal Demand)
Anticipated Reserve Margin =

Reference Reserve Margin Net Internal Demand

HiFR) Reliability Assessment Guidebook Version 3.1 (NERC, 2012),
2014 Long-Term Reliability Assessment (MERC, 2014),
2012 Long-Term Reliability Assessment Methods and Assumptions (NERC, 2012)

WE-15

RIS =R ST

I RHEE (RECHIEEEREEDEZZT)

o HETI. BEMBICBII2B=HREZ2TEDHDIH. LOLE=3hour/yrzB#LUTEA (The
Electricity Capacity Regulations 2014 2562%)

® |LOLE=3hour/yrldFAREACLDIRMEMBRICLDEELRNCIDIEETUERZHL(C, BUFICEOT
RESNTZ,

® BEDEIRLD. 1FROMGEIFENIFFRIIZRELVSOEDNOTHD. FEERAILHETREL TS,

® 3&. LEDKEZRIET BRIER THIE D DBIRIIL TORL,

Figure 2: llfustrative optimal level of security of supply

Cost of New Entry (£/kW)
y I Icostof _
provading capacdy Equilibrium
fo insure against Reiliability
blackouts Standard  in LOW CENTRAL HIGH
| LOLE (hrs4r)
§ | £31.89 £47.18 £66.21
= |
e |
=] |
8 i Lﬂgﬂ;ﬂ:‘af costof 35,490 | 090 1.33 1.87
| : > Energy = 16940 | 188 2.78 391
il Securty | 4 =
___________________ -> 2 1029 [ 310 459 \ 6.43
>4
Increasing level of capacily./ Decreasing level of Unserved Energy/

“Tahous]

HFT) National Grid” Consultation on the draft Electricity Market Reform Delivery Plan; Annex C: Reliability Standard
Methodology ” July 2013

BiE-16
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I RHEMRE (RYICHIT2ZEMEEECLSERESTHMm)

® RAYT(IENTSO-ENEEL TR AEICIHTEFREZRIEL. KREBE (Remaining Capacity) HOLOAKEVH
E5h (Remaining Capacity > 0) THIEFLTUWS,

o tothH, KERUNERFERNZETHD. —ELANNTOEFEEHAETERTITHIIENS. NLF— AT>4, T2
Z5ithiske H[E T Pentalateral Energy Forum (PLEF)"¢UTHAEFEE 2 DL TLS,

® RAVTISFEREFTARFMONMERINTUVZEDOD, FFRICDIOHOTLBAMEB THdENRENT. £z, EBRER
(LI TFRPDDOFLBN BRI THDIEDIERINMRESN TS,

e e

2015-2016 2020-2021
Climate Years 2001-2011 Climate Years 2001-2011
LOLE (h) LOLE (h)
OP ras WITH WITH NO NO OP res WITH WITH NO NO
Stratres WITH WITH WITH NO Stratres  WITH WITH WITH NO
isolated interc. interc. interc. isolated interc. interc. interc.
BE 177 o] 4 42 BE 308 4] 0 7
FR 217 14 i 27 FR 151 6 10 10
AT (0] 0 0 0 AT 3 0 0 0
r CH 1251 o] 0 o] CH 1086 o] 0 o]
amprion DE 1 0 0 0 DE 0 ) 0 o
"»4 NL o] 0 0 o] NL 32 o] 0 o]
A pE L 8760 o] 0 o] w &760 o] 0 ]
et REG n/a 14 28 49 REG n/fa 6 10 17
=D . —.HasaCae _____tisse Casa®
{(C ~creos Climata Yaar 2012 Climata Yaar 2012
= LOLE (h) LOLE (h)
OP res WITH WITH NO NO OP res WITH WITH NO NO
“¥hagroup s Stratres WITH WITH WITH NO Stratres WITH WITH WITH NO
isolated interc. interc. interc. isolated interc. interc. interc.
Rl-e BE 419 6 51 197 BE 2797 8] 0 2
e FR 369 144 180 180 FR 290 84 111 111
H H AT 0 o] 0 o] AT o] [¢+] 0 [¢+]
SWIssgrld CH 1797, o 0 o CH 1608 o 0 o
DE o] o 0 o] DE (] [¢] 0 o
@TE"”ET NL 0 0 0 0 NL 30 0 0 0
Ly 8760 [0 0 o (10 8760 8] ) (8]
= REG nfa 144 181 224 REG n/a 84 a1 114
HFT) ” Pentalateral Energy Forum” November 2014 ; p— / p——,
BIE-17

RIS =R ST

I RHERE (RYICHITSZEEEECLDERESTHM)

® Pentalateral Energy Forum(CBWTIE. U FZEBIERELTEBLZTHEETL TS,

v BE:XE (T8 BCISATRRRBE OB V. RMYFSEOHEBEHIOZIAL)

v S L HOKE (KAIE. WET/DRY/NORMALICO$EL TZNENHEET)

LOLP/LOLE/EENS/Remaining Capacity (RC)DENENDERZSE(CURNISERZITOTD,
ZACHEEOE-INKZIH. 108 18IS 1ERIOERT I TOHT.
FEHARIRZE(LENTSO-ETEDHSN TV I8 TEIBEZ A

BERFROOER/RER. BEENFImDOER/RER. EfEROB/BENTNINGX-5EUTHE
SR THEET. A=XT—ZXT(&, ORRXL. SRHH. EFEREZRSHOTHESTL TS, ORIFE(C L TIEHtZ THE
%E“%i%\%ﬁﬁmi‘ KSHEUTHERU TV ESDSHD, IRUNERDHEIGHEL THDIATRVT —Z

One set of Monte Carlo (MC) years

Different types of Hydro Years

Load/wind/solar per country
according to climatic conditions

Outages and maintenance

HFT) ” Pentalateral Energy Forum” November 2014

#iE=-18
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I FBEDEEBRILANDIIE

® WINTIF, BLETIREEROAEE RCENMNNDST | IRERMETHABRDHERCKSREEGECTLRL,

o UN\U. SEEERILANEDCECIOT, PRINICEFAE D OBBEMLKRT SN RIAETND, Ffo. BIROBERE
BREBIAEEFICIOT, BIFANORBEIBIET DIRRANEEE LB THD. BB B ARNAS(ZE(LTHRIREMEN DD, &
BREESBEBOTVS,

® CN(CH I RMISHRIEOTIBREICLZRAEHOEEDHNH GARZRNHOERHEFIENIZE) | QBIROHHESH
FlFz A OmE_EHHAFEN TV,

® Hoth, MELMEZRNIEIIRRET (L., FCRFOEHHRRCATZIFEENEFOTULS,

o RHAMTE TIE. AUTANZFMICHVT. FAEHELTORENEIIRU L EREERISHIENMEITINTSD. FTULGEEESD
ERFIEDOHITHMAFEOTLS,

® JTHAMTE T3, AN OFHECHBVTIUT OISR ENESN TS,

v Frequency ResponselcDW\T(E. MEKFEZTED THER T DEFRN 0, Both. K -RIODKEE MX(C
ISR, SHEEZTFEDHIEENDD (HUIANZT7MTIF20165EH5) .

v Regulating ReservellDW\TH. HEFIDFEEN1%E O EFENRESDF TIERL BEEET —FICEDE., K
BICISONPREE2ETEL GRE. BRICEXE - RAOOKEE KXHNHD.

® Zftt, FHFHY N TIFIRIZ RFRELU TREARIEN NSz, 181% S (System Inertia) DIRANIEET RGN DD, 7>
35— —E2OBEHMRICHLT "Synchronous Inertial Response” I (EN2FHIBOE A MERSNTLS,

BE-19

B R A= B BT
M BAOEEEIRILAADXIL CREDIM(CHIFSFlexible Capacity Requirement)

® HUTAILZTMT(E. 2014FENSTEMHRETE (Resource Adequacy Requirement) ORERELT. FAZEIELTOEE
PENBRUEEREEREZHEZFIRL TV, STEMTEICBWV T, /INEBEE(CRBHOEEEEZRITEOTHD. 7]
DHIZRETOBE=NSR T, B DA . CNICED. CAISOERIAME. U7IV7( ATGICHEWT ERTERADRAZE H%M
BIGETERLSCRD. (BB, CAISOT(EZDHHAEH G UIZ"Flexible Ramping Product”E#R 9 25T Rz
ZIRETH)
® Flexible Capacity Requirement
B5= @?_(Jﬂﬁ%ﬁj%@%ﬁ%)\ﬂﬂiﬁﬁ?2']5)72@0)1%7( (ETK) . QRERGIOFEICLZENS VIS REBORHOEIE
R NE
ARERE : 3BM5 TS (RAZKE) +N-1EHE
REBEFEEDET | CAISODRIEMIS. UZILIA AFBADAALETS(Must Offer Obligation)
SiH : FEEBEZRICERVVINERESECESA (5i8) X —#R#IBResource Adequacy RequirementRiENHZELREK
CAISOIV7 THZ>TZEE) Flexible Capacity RequirementDAIiE T}

27000

 gesasesssesssssssssessssessssens - PHRNELTOBIR

25000 Resource Adequacy

Requirement
23000

L (BEEEED115%)
21000 %éf i #26,000MW |
18000 7 7 SE— ! Flexible Capacity |

Net Load (MW)

\ i ©  Requirement b s =
17000 N —1 L oEmeTEm | T2 0BORR

& o P
e e o | #7,000~12,000MW  .CcHp (I31%)

12 3 456 7 8 91011121314151617 18192021 2223 24

Hour of the Day

3012 =2013 2014 =—2015 =2016 2017 _ o _ N
HiFT) CEC, Tracking Progress. 2015 B =ZHREISFRER
BE-20
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I BAEREEEFRILANDMIL CREFFIRMICHFD7>3)-Y-EXBEiR)

o FIHAMNTIE BNREBOARXSERICLZIEIRIYVIADKIERZEALISHIET B ERCOTEV>SIU-H—EXD
BiRRZETE R, T mBESMEORRZENLTVSEIS,
v RRSZ3TERICHE : OPFRSHZERIIL. ANTHIHEROMEFIZESZIRE(L. @FFRSZERIIL. BEHF
FAEALLT, LDIDEEDZ VY —RZHHE
v SHEMIFOISD. SCEDICISRVWEZEETHRIE - {5HTE2H7IV-2%1E

TEEH] FEK W= YITN—F
Regulation Regulation UP/DOWN + Equivalency RatioZ&E A ¥ 5%, Fast-Responding Regulation Service (FRRS)
UP/DOWN (Reg-UP/DOWN) RIBEEEZL UP/DOWN
(Reg-UP/DOWN)

Response Primary Frequency Response . RMARBIREICENEIZNIGTS | —
Reserve Service | Service (PFRS) BERIFE
(RRS) s BEHBRELICETILOTHY.
BRBZEFEDEHEICEESESD
S EHESSE L)
Contingency Reserve Service (CRS) | « $ER%ZITTI0Z2LINICATEDH | CRS1:SCEDIERIZHS LD
NIZEETLERIFE CRS2:SCEDf& RIZHEDLELED

Fast Frequency Response Service o ¥EREZ(ITT0.5secLlNICx G | FFRST : ##iB 109 . BH AERIT155 LA

(FFRS) BYHBERIFE [Z 5t

FFRS2:ERCOTH&E D Fs . B HIERIC
1804 LRI RIS

Non-Spinning Supplemental Reserve Service o IBERMNDI0DURICFAEDH AIC | SRS1:SCEDHERICHSHD
Reserve Service | (SRS) ETLER/MIHAIRES SRS2:SCED#ERICHEDLELED
(NSRS)
HFT) Nodal Protocol Revision Request 667 (2014/11) SCED: Security-Constrained Economic Dispatch
BiE-21

RIS =R ST

i
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1. FEHRARREIDREE DHELR

MRS = RS HTN

s Eu:u\ . EE.I%ij

o AN IDFEREIOVTIE. EALIHEEHEEMED AR NEFICREHIZIEER LBV TEm

ML TV\BETATHD, T
HEICH TP IEERERFISEOFRE CHD
® 556[0] H”b%’kﬁ?ﬁ%g% (CBVTIE BN EE. BRNTOARABEZEO—AOXECEEEENMTIT>SS)-P-E

ACHEREIRZFOREN—Zts T EOLL TEEBZENRENTVS, TN KE - BRINICH 1T 2E FRRTE O T ARt
IS BEDLIEFEEIND

® 1E0 T, AIREZCHNTE. AN ZIGHAIE. BI5. BERCBVWTRHEROHHICRHERBNMERIT 2 TR0
MREUTIIREEN | DFEZRWSIEICTD

® IZIZL. {ARIZFREL T " Reserve"EDENRLBNTVRIEE., AR HOEH TH> Tl FimI0:EZH3,
(f51 : "Operating Reserve” (3 &R F1#@/7)

HENEFRDOBER
| <sE>mEO WEH OEER = &
| RBSER W10 1502 | MRICTRAONSS
y o ABEREIE, ﬁﬁ'f:&:ﬁiﬁh_"rli?'?é ﬁ?‘&rﬁi;f::.:t‘-»’ua ; —BREREEEENTITLILII—H—ER
VL ZAILE D ERNOHREShHREL Y ' :

b g, m#m[xhwm.m mu; tJ_L_\
' - 'ﬁ % J

%#ﬁ;{ﬁ;zgﬂ% %Sﬁﬁﬁuﬁﬂ ‘E‘@ﬁi’.@ﬁﬁﬁﬁ‘lt%ﬁ
|

(BaRE. EXRES)
WEH i I i
REH.EEh, TAIURYRRVRAZFDMDBHEREHHT ERT
L\"E'O)ﬂt:hlziﬁf%)@@ ({BL. fEERimXPR<. ) DEEA
5 : LIFARH TIFIAEE A
Lin (DHE I¥EAN1)]
%%ﬁﬁ%%m%%;ﬁ%%ﬂ%x (HBEEREOARZRAN\TAD (HEEEORRE A NTAD

REICHIET H1=HDIRAEN) REICHIGT H-ODHEEN)

AT SE6EERABENHECHIIZESER
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1.1 BN

RIS =R ST

BRM : ENTSO-ECHIT BRI DIBFAETER

® FUNTI(E. DISEZMIBLTHSREMNPTEDE DLANIUIRZETICHN B/ @QFTTEDH 1 TESRHR
fh' e] BB R D2z EECREONDIEEINTVS

® ENTSO-EDQFARNODFEL. KEEERD, EEHIEIREE AT IH0EEEHE. BOFREPE
NBEBEORBLV OIBRERFEERE L ZOIE I D HDFREE N DX BN,

® 5. ENTSO-ET(F2014F1 RICRAEBDOIEAZZELTHN. 20135FKF TIEPrimary, Secondary,
Tertiary®2£LTHFEL TV

R RERHIE T 70 + Frequency Response

FCR : : EEEEESE g; » Primary Control Reserve Dynamic
(Freune;SCeynE)eosr;tamment » Frequency Response Static

ESN= =Ll 7 e HE
IR BEHE TR/ + Secondary Control Reserve + Fast Reserve

FRR » Regulating Power » Direct Activated Tertiary » Fast Start

(Frequency Restoration Control Reserve . Startup %
Reserves)

wazmn " Contimene. . sron
RR 9 9 » Direct Activated Tertiary

(Replacement Reserve) Control Reserve

SE1:FRRIZEBICFRR-A (EEIEREOIEFHS ; Automatic Frequency Restoration Reserves) ¢FRR-M (SFENERAXEHET1& ; Manual Frequency Restoration Reserves) (C5)f.
5E2:Primary : FCR , Secondary, Tertiary : FRR , Slow Tertiary : RR

4
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(&%) Primary, Secondary, TertiaryD3 iSs& im0 E

I

| Primary control
|

| (automatic)

|

|

P, contral

primary

Governor

|
Interconnected |

These two /
Secondary control

(managed directly by TSO)

controls form
the AGC

Pooveduted [N\ Fispatched N Py :roduced
{ Generator 4—|
M e | network |
+ + \
\ f
/
Prvwfm_\ control
Prig tnes
LFC
i (called AGC |, Juwrger
Tertiary control P ' Common
(managed by TSO & genco)| | mdary contrel in USA) P
g scheduled tic line: | frequency

HiFT) "A Survey of Definitions and Specifications of Reserve Services”, Yann REBOURS, Daniel KIRSCHEN

RIS =R ST

(B58) BMICHEFR7>S - —EXDIEALE

°
® 7 3P -ERAFUTOLICEE

v Eurelectric : BARMOZEN. BEUSSUBNREZHETIZDC, RREJREAE CIOTEREINZIINTOY-LER

ERIMNEHTBDT> 2TV -EXDIERFA T OESD

v ENTSO-E : REDERENRREZ EZIRIL I DI2DCEEHI S DR 4 13HHE

KIEH /NEH

B

JEIR I
(Frequency Control)

B EhT-fm

(Spinning Reserve)

TR

(Standing Reserve)

EEHIE
(Voltage Control)
T59I25 -k
(Black Start Capability)
=75 FEEHIE

(Remote Generation Control)

XEOAMHE

(Grid Loss Compensation)

SRR ]

(Emergency Control Actions)

EBEHIE

T39925-h

HFf) Eurelectric (2004)

o BN OEGIREEICIEIRBZBIESEENCHEFT S

« FENSRE OB BB R OFEEHL D OIEIR. FFHIH AR

Z0iHCEDiRENS

o BIEROFRBHOHIEN, FEHNHRIELREOIIFICLDIR S

ns

o RROBERELT SVIRI— ML ISR D(C, EHAE I FIE

KEICIDENENCIA IRINVEEZHIFIS

« SMEPEIRDU TIEI TSR B, MOFKEFOEEAERZHIET

BETENRFORREERFOEIREIRL THVSNS

o HRREIHS AT AlCE OB D HIFNCEDITON B EIRER S

« REEBCHFEERCOMOXBORZHETD

« BAORMELECHERT I 2IRRIBOME . EAZITS
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ERIN : ENTSO-E(CHITDIAEEIIDEE

® FFUVLENTSO-EDQ®YNI—I0— R, HBORMIAEZEV FE(CHBULRABRHORE - KBTS
=) | =

BfE—-EREO> M-)LOBEMESTIE  (FCRAIFRRTTTEMIEINTOSIENRIEE)

Joint Action within

Synchronous Area
Power /

LFC Area
Frequency ! .

reserve activation

Frequency Containment Process Frequency Restoration Process

FERSEIREZE): 200 mHz

frequency

¥
3
3
»
+
H
+
3
+

! Time to Restore Frequency i

occurrence of the _
disturbance HFT) ENTSOE-E, Network Code on Load and Frequency

Control, Supporting Document

B RABIREZE): 800 mMHz ~ ——

RIS =R ST

ERIN - ENTSO-ElCHITHRAZEHDEL

® FRFITDENTSO-EORYNI—II—RTE, ABIHDOELICEVWTERINE/NIXA-52 R0, ENFE
CHEERGRIFEOHEEEZHMALL TS

1 2
—— N N —_ — —_— Dwiage | Disturbance of a rator, ’ Continuous, stochastic vanation of
v BERETE RAZBAEES. RE. &, rvb load {or generation)
hI

- BRI EEETS —
-WEIOFEEERZS (] : LBIOOperation g
Handbook T(&ReserveldBEIDHEZEEE T BEEL > r
THolz) o

. SRR BB TAEETS Detrminise mpalnees deaton
e -HARS W v
_4e8 ZLE (gradient) | T

v BBITNTIM CHBEREVNCREL TS . >

v EEEY-ERPTOCRTL B FEEER et goneraton [ mbsance

v IRTOBETOLRT, WENFHBERNTE

DX7IZEDIID

v HEENFETE. ARADTH -URIFNERSRVE
. - HiFf) ENTSO-E, Network Code on Load and
HEBERZTEEID Frequency Control
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EXIN : ENTSO-ElcHIT DA HDE T

HABH =R G R

ENTSO-EQORYNI—)0—RICHIIDRABHEHDOHARI1>

FCR#1

. FHUEFEBA2R, Tt ALK
(CHEEEL TUVBHVDCRFDER 1.
I (HEGRA> N 2 FROYIRTICL 538
KIS B L FHEOR T (T
EH)

. PR, 206EC 1 BB HEEDR)
HITUTACESA VNSV RN -3 |
()

. BEOKEREILG, FHIVIRO
BB EHIZOEDERIDRTE -
HEBCIHNTS

HE)-F& FRRE!

(ER

TED

+ FRR &£ RR OGRFEDEDEITS

SELRPEI-OVOHOIRTE

* FRR ¢RR DIEE=SE(IEESROE
CHERSR CROIABDIBEDKREVE

o HEER: RETD1-IE T2 131,
FoRA > NORFIIET EHBER 1 hPT. T2,
HVDC Interconnector 1 A&, HULI(E.
LFCTOYIADAC-HENEIRT LIS S 052

RR*1
o SABPEIFRROVEEZTEIC
HIETE2E
BEUI>MO-ILJOYIAROTSOT
HEIBIECEDHIIEERED
SEFSIENTED

- HERERIY Y TO—F TIHMEREE(F99% %

- ACO>RO-ILTOYIARDTSOTHETS
CELED. BREERBNELZRSI LN

HFf) ENTSO-E, Network Code on Load and
Frequency Control

ERIN - ENTSO-ElCHITHRAZEHDEL

o FESDIE5OFCROVEZE(ILLTOLICARE
v BUNEIBICENT, RARROSHICLDRFEDOMES(TRESN
%

> BN (CE) (CBIFRFCROMVESEE, RFE2E (1,500MWx2) OfitEz
EELT, 3,000MW

> CETFE#ESESR (Reference Incident) ZFEHLLIIE. IXEIFHIE, iR
PR, BfEkiE. DOERIGEENSIETE

> fAI+EFERINSEEBRICHII DRI TEML THD. N-2hRERL
77J0—F (best-Practice approach) T#H2EHESREL TS

> CETIEBICFCREFTEICEVTI B DIERZETEL ., BEBR(CHIZURY
LA TEHIEITU. [208FEC1E | EDERVEREL TFCROMEENRDSN
TW3,

> TOftiithis (GB,IRE,NE) TIEIN-10D8E%E (N-1 criterion) Zi87%E
> %DN—l criterion(3R B 0OEZRE (best practice solution)¢sEBAEN TS

> GBWIRERFEEERNSVEBEOLHEESROH Cilill. NEFELEER
BANERRICHRDS.

v ZEICBIFBFCROMNES(L, REIEHBOREBHERLHESN
SOEHEICEDERDPEINS (B : T>X¥—-J(F25MW)

v BT, FTSONEFEIZHIHIV CONBEIEBMRFESE
SBUHBENEOEIHECE DT REIND (GBYIREFE D AL)

RIS =R ST

Probability of Imbalance
[%]

oncein
20 years

| MW
| Positive
1 negative Dimensioning

Dimensioning Incident

Incident

minmum positive FCR

ing — fictional

Figure 27: FCR di

JF1: HPT) ENTSO-E, Supporting Document for the Network Code on Load-Frequency Control and Reserves

2 HEBNS(CIWMENZEC. BKDOESIEEFT.
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EXIN : ENTSO-ElcHIT DA HDE T

® FHEIDS5DFRRERROMEEFLLTFOLI(CAETE

v BRINSEICBVT, BEOEBICEDVWTLFCIOVIC L IINEBEN

RESND
v FCROMHEBENERDH. TSOCEHMNCZDHESZPITIATL
B)

v BTSOOHIHIVY T ELSNZERFE I TEULFHBRED
[EREZDEE R 2F TOREZEDT —FEEDIVWTREIND
v 99%DZEMEZFRRERRTHESEDET B,

minimum negative
Reserve Capacity

HiFf) ENTSO-E, Supporting Document for the Network Code on Load-Frequency Control and Reserves
ELT-AEEHELD6NBMAOB NS> TIEM E@EHULT — I TRIINERSR,

11

Figure 29: FRR and RR Dii

BRASH =R SR

Probability of Imbalance
[%]

] Positive !
negative: Dimensicning o B
Dimensioning Incident minimum positive
Incident Reserve Capacity
ing — fictional

ERIN - ENTSO-ElCHITHRAZEHDEL

RIS =R ST

o ZEHATIY(CHIIBIERFLAT DESD. Bifs TORAREIKERZ=(F800mHz~1,000mHz

o IREFIRINSDEALERATHRE15,00053 (=25085E/5F)
RIEATUT (LB AR RE/ (SA—IDER

AR BRIV DTy 5A-4

Range

[ERER 1) )EEE

HiFT) ENTSO-E, Network Code on Load-Frequency Control and Reserves
12
19

Frequency E-ﬁk H% FEﬁE;&;&'{E%
Frequency Recovery not used £500 mHz 2500 mHz not used %*Eﬁqﬁ% :él: 5&;&1E%EE

[BR &z [DHE S S5

e P AE e A

Frequency Restoration not used +200 mHz +200 mHz +100 mHz = L

Range 77 - qu(ﬁé.’-\"\@%@] H% FEﬁ
Alert State Trigger 5 minutes 10 minutes 10 minutes 5 minutes

Time

Time to Restore 15 minutes 10 minutes 20 minutes 15 minutes E;&;&%?ﬁﬁjétm@ﬂ%ﬁzﬁ

CE GB IRE NE CE GB IRE NE
Standard Frequency +50 mHz +200 mHz +200 mHz +100 mHz Maximum number of minutes 15000 15000 10500 15000
Range outside the Standard Frequency
Range
Maximum 800 mHz 800 mHz 1000 mHz 1000 mHz
Instantaneous . . i
Frequency Deviation Maximum number of minutes outside the Standard Frequency
Maxi Stead 200 mH 00 mH 00 mH 00 mH Range
aximum Steady- mHz 500 mHz 500 mHz 500 mHz | ATAE E R R = f
state Frequency | REEIR A E N OR AR (min/year)
Deviation
T S
Time to Recover not used 1 minute 1 minute not used *ﬁﬁ}gj /)ﬁ;yk&ﬁﬂ




HUSA = REES 5

PR - SREDEEROEZT (HEfE)
o ERMHIHTHS (FCR) (HHLIZE0

1 &R FCR : Frequency £H%MIY - (Mandatory Frequency PCR (Primary Control Reserve)
Containment Reserves Response)
FTEA BHYA : 30sect @Primary response (REIE/FTER) B © < 30 sec
e« 15minA B4 : < 10 sec % : > 0 sec~15 min
FEIREBOSHEFUANTOER #3545 : > 20 sec
(49.5Hz - 50.5Hz) @Secondary response (FKEIE/HER) > 1MW
BAtA : < 30 sec ER/INAMLEAL : 138/

##5 : > 30 min

®High frequency response (RERH/EEE)
BAfA : < 10 sec

Be: -

WINICHUTH. EEr&b[H(49.8Hz - 50.2Hz)(CH
(FZEBNUTEENICH AR T Z2NE

WEE CE:N-2E#L204E(C1IED  N-1E#(C#03 (ENTSO-EQEHECFED) 670-793MW (20154 54E) *
YZILA)L N-2EHEE20FE(ICIEDYRILAL
TOfth : N-1E%# (ENTSO-EQE#£LEID)
WMESEHOIEET  NCLFCR electricity capacity report -
2 &R - BEY—EX (Firm Frequency Response) =
R = EHENY-CRLER 3TEREFE. N5%E =
DynamictU. #f8TStatic (FERITBUTHES)
F1E. =IK10MWEL E
NES - N-1E#E(C#0% (ENTSO-EQE#ELEL) -
MESEHOIEET - electricity capacity report -
13 3 regelleistung.netlC TSRIEE N

RIS =R ST

BRI ¢ SEERDEEROEZTS (163E)
o EREHIETHI (FCR) (HHZLTZED

3 & = EE{IFA% (FCDM;Frequency =
Control by Demand
Management)
T e = YA NIEEENUL—DBIELIZEEIC, -

BEHCEERAOEEZERTI 3
TRIEEGRREZITIY-EX

BHSA : < 2 sec

¥t : = 30 min

=K : SMWBLE

VB - - -

WEEEHOER - electricity capacity report -

FERIBY-EREL T AT D215

v Enhanced Frequency Response

RSP, BARTRAENAA > o 4FE2H IRTEAALCEROHZEHEEZEET (BLIAHEAR2015410H23H)

v FFR Bridging
FFROZ410MWEL_EZTEIEBRVEEBE ISR

14
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BRI SREDHEROEZTS (HEfE)
o ERMHEIETRA (FCR) (ABLTZED

Primary Regulation
Reserve

+100mHzT(&
=15sec

+100mHzN5
+200mHzT(&
15secst=<30secOfF
REtEN

HHD1.5%

ENTSO-EJL—JL

Primary Reserve

=15secT50%
=30secT100%
15minFie

INRTOPUDETE. &
REBDL.5%EHIR
(BTI310%)

Allegato 15 of Grid
Code

MUCAR=5REES

5

FCR-N (normal)

2600MW  50.0Hz+0.1HZTHH)
2min53min

JERRRHIFTAREB600MW
(F>X=2 : 22MW. J1>5VR : 138MW, J)LJ1—:
210MW., 2U1—7> : 230MkW)

Appendix 2 of System Operation Agreement
(ENTSO-E)

FCR-D (Disturbance)

200MWODIEREENTHE) (49.9HZTEEIFESH),
249.5Hz ZARDLI(CFREEIEER, )

=5sec T50%

=30secT100%

LR RHFHET1200MW
(F>X—=% : 176.5MW. J1>3>R : 258.8MW. JJL
JI—: 352.9MW, XU1—F> : 411.8MW)

Appendix 2 of System Operation Agreement

1 &R réglage primaire de
fréquence
R Z40MWDhBE% (3575
<30sec (2D>5550%
([¥<15sec)
<15miniFe
WES E/\700MW#EL
(ENTSO-E)
WMESEEY,  ENTSO-E operation
(0i=Fay handbook
2 Zin
R
MRS
MEEHEMN
(0i=Fay

(ENTSO-E)

JE1: 935> (C(FAutomatic Frequency ControléU TFrequency ContainmentéAutomatic Frequency Restorationh'$D. 205 DEETHEMRE B2980MWHS1750MW,
HEOZEEN400MWEBZ AL, ERTINM310MWEBZRVEZFERL. Balancing Mechanismé 93,

15

R

ERDEROEZZTS (F8E)

o FERHMIEFiES (FRR) -KR&EFwEH (RR) (AHEHIZED

1 AR

FtrEft

WEE

wEEEHORE

2 BIR

ReftTE{t

WEE

VESHEHOER

FRR : Frequency Restoration
Reserves

5min~15minfEE

FRRERRTEBERIEDII % ZIEMIESD

NC LFCR

RR : Replacement Reserves

20min~#FEIEE

FRRERRTBERIBEDII % ZIEMEESD

NC LFCR

Fast Reserve

National Grid N> DFEEIERHICHEL, T
RO DEREOHDENE N RTMIEHE
I3H-EZ,

BAtA : < 2 min ( £ 30 sec)

5% 0 > 15 min

HAHZEE : > 25MW/min
RIKS0MWEL HiRtaTae (EF =y iz
75— Na]#g

electricity capacity report

STOR (Short Term Operating
Reserve)

EBINICBENZHHEIT DY —EX
-RE3MWEL_EOREIE/ BBt
TE? (BEUAMSTER])

BHBA : < 240 min ({BL. K{AlE< 20
minTEHILTW3)

&t 0 > 2 hour (EZHIMWEE)
[El1E : $2{#4% < 1,200 hour (C[@lfE
> 3[@/week

electricity capacity report

16
21

RIS =R ST

SCR (Secondary Control Reserve)

BAtA
F5E

< 5 min
> 30 sec ~ 15 min

> 5MW
B/INAALEEAL : 1B

(nega)1,140-2,500MW
(posi) 1,123-2,500MW(201555E48)

TCR (Tertiary Control Reserve)
/Minute reserve

BAgA : < 15 min (&)
##%: : = 15 min ~ 4 hour

IA

> 5MW
&=/INAFLEEAI : 4hour

(nega)1,782-2,648MW
(posi) 1,513-2,726MW (20155 %E1#)



R
o [ER#CEFImH (FRR) -

3

R

1

20
RAESF

WNEE
HESHH OIS
B

RAESF

WNHEE
WEEHEHOIEE

2R

ATEF

WHEE

HEEHHOIEE

E21 1)

BTET

WHEE

HEEEHOIEE

réglage secondaire
fréquence

ARRICRIE

&/J\500MW

ENTSO-E Operation
Handbook

réglage tertiaire
fréquence-

15minh*530mind&

HEIEROERTT (F4E)
KEFMHH (RR) (HELIZED

Fast Start

BRRFICARIEIREENSITRIR(TEEENL T

EAGE DD OEHZMIE.

BA%A : < 5 minor < 7 min
(IREEEUL — S ENS B EN T5min

PR, FENGHBOIET

7minA)

ZRIT

electricity capacity report

Demand-side balancing reserve

(DSBR)

NRIOEEICHEREIMIDETHE

73 ZRMID

30min®IX (window) (CHLT2

IV EfRftaTaE

« RE25MWELE (EEYA M50

=)

electricity capacity report

17

REDEROERTT ($03E)
o FERMEEFHS (FRR)

Tertiary Regulation
Reserve

<15min 2hri¥fs

Slow reserve

30minH*54-5hr

18
22

-REFHH (RR) (HHHITZED

Secondary Reserve

=15min T100%

EEF B {m(ZSecondary
Reservez{itia g &5

Grid CodefftBI15

Tertiary Reserve:
Spinning Reserve

ARL—ADIETRNS
=15min

=10MW

SA%EMIS (MSD) T. #iig
HEFBORAR/ N %
TT(l, BB -S> %R

Grid CodeffgI15

HUSA = REES 5

RIS =R ST

Fast active disturbance
reserve (FADR)

BB FiROnEDNIZAREL
FFFTEURVBFICFED
=15min
BEIBENEZSOIENT
)

FIX=1 : 90F5kW
I4>5> K 100F5kW
JID1— 1 120F5kW
AI1-T> 1 1295kW

Slow active disturbance
reserve (SADR)
215min
HHENAERFICEER



BRI BREDHEROZZTS ($8HE)

o FERHMEFim (FRR) -KE&FwEH (RR) (AHHIZED

BRASH =R SR

3 &R Congestion
R GridDE KRR IEKREFC
=15min
210MW
WES BALEAOEFEI-SVIN
T
WESEHOEE
4 &R Tertiary Reserve:
Replacement Reserve
Bt 24 ARL—HDIBTRNS
=120min,=250MW/min
EHAR
VER
MESBHOEE Allegato 15 of Grid Code
Frequency Frequency
Annual Frequency Dimensioning controlled controlled
FCR-N 2013 | Consumption controlled normal FCR-D 2013 sample faults disturbance disturbance
] SAMPIE 5013 operation reserve (MW) reserve reserve
(TWh) (MW) (MW) (%)
Eastern Denmark 13.7 22 Denmark 600 176.5 14.7
Finland 85.2 138 Finland 880 258.8 21.6
Norway 130.0 210 Norway 1200 352.9 29.4
Sweden 142.5 230 Sweden 1400 411.8 34.3
Synchronous System 371.4 600 Total 1200 100
19

RRM - SREE D DFETSE
o BESEOEAGU T OLHD

Ay BBV, 2F

(Mandatory) » RARHOHEERENVESZBIBLT V. 2AENICEIANIRS
« (RIZNTORARRADBIRDA > T4 THRVHIR MELRDHEEE R

AEXTER S| - HiE=. mE. . e RIERE RIS
(Bilateral, Over the o SABRINDERDIDHOIEANBIEE
Counter(OTC)) o EUSITBEIRNARHSNRVVZS, [BEROFBEAMECRL

AL/ RE
(Bid, Tender/Market)

20
23

RIS =R ST

« ETCOEBFRENMEDITEC TROSNZEUE DR ZMHELATNEL

« F1EH1EIOSEE TORMECSVT, &R (15, 1,78/) Z#EID
- ERMENSEGFOEINDD HIHESIFIROUEIRAMEC S, —5B
OHIHENMNECLDHISENED



BRASH =R SR

BRM 2 SEERDDEESE

O ARAUTI(E KBNS [RFHNRBREDFKEHEICTU TFCROMIGZEFSFITVD

o N[ET(IMHEEFHEXIESIZEU CFCRICEEH I 2ERKEULE (Frequency Response) Mgz
BT

o AR N ZFHET AR DTG OCHRARTIBOEIN, EHE2%FEITIHEHEEIFIE (LRI DBRFRHE(C
MIZUTITNON D CNUCKDTIZCEDIRENMEREN TS (£AEETIERW)

® JFAILUT. FCREFRREEREXIBDESFTBEZDBIUTAALAIEE. 22U, BEMIBADAILUIENS
SPREZBARVCENEM. (BEURAALEAT])
X fefZU. —EBOEREREEE(CH VT, mandatory FCROZ%ZFRRELV TEEL TAILL TV ATEEEEH D,

Cai=E2E EPOIEVE] MMLUMEEE

JE R ERHI T M 0

. RE . S
FCR o« ARAY * 93_ . |\’f:{ L
(Frequency Containment ~ [EESOSISH s JI2R « JEBR (RDI1-7>-72NX-%)
Reserves)
BB EET )
FRR - RE oA
: . I5UR AL
(Frequency Re)storatlon o JERR (N —=7)
Reserves o 457 (AILEFEED)
o RKE
REFHH ~ i
RR -+ RE . ZRAY
(Replacement Reserve) o JtBR (RUI-FT>-TIN—-4)

< A9U7 (AILEFHD)

RIS =R ST

RRM : SREDOFETSE

o FiEMig(F. F=Mg (kW) LHAEHEMIE (kWh) EZNSOMEED3/(5->
o RAYBLURRA (I LT, FIFRENENRI 4 (CESIENTWVS

BEAltS BEMitgL NS EEE=Ia)==1fiill{:}

FIRESHIE iR e
e P
(Frequency Containment )
Reserves)

B EEE Fm
FRR AL . EE
(Frequency Restoration Rl NECTE)] . RqY
Reserves)

KREFwH e
RR - HEBR (F2R-9) : ff . ARAY
(Replacement Reserve)
22

24



RN

B EDRES DFHE

73k (K63E)

o FRENMERDITE

FEARER, HRETS

HERDOFER

TU7ZERWZRES
RO HEA

FEED ORI

REDERCHNDE
FADEIR DR

® BHR : /I\EEEE(CHEHERIRB AN TSST,
National Grid ZE&E92E 45 (Energy Market)
[CTHE(R

o R : BEMBZASHIEHHEERE/\ TGS EEICE
B, BEmIH0ER(ENational Gridh's&iZUZ BRI
1PEElectricity Settlements Companyh'sEjt

o HAEIEHLUMEMERS| (FCR) LABMERS|EMiE
(FRR,RR) O#&H
o AEMIHIEIE - FHROT5 >N BHETRE (Storage) .

fEFAEDHIRK(DSR). 20154 (2019/20200%%) M

SEESMSOERRRFERERENSINTESD
o AFRILIFHICATEZITI. ZHIFHIIENS15F THE
B (U, EEELTREEFLE)

o ESMSOSINEEIREL RS T IE

® FCR(ISHRZSHINEENMDIDRIETHIZEARETH

o ZEMIHDEBIBE(ELOLE 3hour/yearTRE

o ZEfitgnd (FCR) LEEMIBLARNEME (FRR,

RR) O#&EE

BRASH =R SR

® TSONHELR

® =TAML

o S=(fit&ns (PCR)
o ZEfMgLRAENEMIE (SCR. MR)

o FEmi5 : Pay-as-clear (AFLMEEIRVIEZICIAT,

AMLBBEEENRRERE OV BREGEULLEDRDE
Mg E TOZALE(CHADN 575 R)

23

R

BEDRZES DFEE

73E (Ke3E)

o RENHERDTTE

15U7 e

MR ITAR, HIRETS

ERDOFEL

TU7ZEWVERESD
ERDILHEA
SREE D ORERIRN

B NFERCHDD
EROEIRDLHEH

® RTE (TSO) ® REE (TSO) °

°
o HHEINZ L o E{E- (AT °
o THAIAEETIS o HEXIERS|. SCHPERSI

e HIH. HEME
o [HENSDHA

o))
® 20155F T3 o (AT, EXEEl. miEHE e
1% Z
® Primary(3f{E ®
e FiHMiBIC(EPrice Cap®mh @

o RTEFBIRNDOFHEIE TR
=

24
25

e TR . &
o [HENSHIA

RIS =R ST

Terna (TSO) DiFAZEMIZ
(MSD)

® Svenska Kraftnat (21—
FT>MTSO) &Statnett (J

BATS WII-DTSO) HENRERE.
BHRAEDFREZITILICRR
o ZENHELR, BEE(LDSHT
BOETEDD
BIgnHo e ET
MSD

vaLEE

® N-1(C&h. BENSHHEER1D

HREFZOBENSHEREZTS
REGEEBRIRETHD. o ERICEENHZN, ITUrE
HhIREY (TR DE)/\T(C HELUTIRDERRTEITVD
BOTVBIHERIZES

MSDIZ AL (Pay-as-bid)
BTSSR 2 EIPEX

(Italian Power
Exchange)

o FE{MHRICLDSIAL



BRASH =R SR

RAY : SRR DIEFA

N - HFES e
o e RO SRED DDA time p © PCR (Primary Control Reserve)
incident A N
0 30s 15 min 1h v HISPRERFR] - 30seclA
— i i v EIHEGIESRT : Osec~15min

® SCR (Secondary Control Reserve)

v HHEFRERFRE  SminktlA

v EErilkelsfE © 30sec~15min
HFT) SO0Hertz Transmission GmbH, Description of load-frequency ® TCR (Tertiary Control Reserve)
control concept and market for control reserves v {Rffﬁﬁﬁgﬂ#%ﬁ : 15minL){W (i@])
v ERRAkGEERE ¢ 15min~4hour

25

RIS =R ST

RV : SARDOEEFE
o FAENFENTSO - EORMFLSY IO —EXOMHERRREDIF RIS EEEDE TV

FCR: aFRR: mMFRR:
+ RAYT(IPCRNEXH RAYTIFSCRNEZH RAYTIITCRNEZH
« ENTSO-EIUPZATRERERERELT || « I>MI—ILIVT7ROIRILFE-IS 20128 8D, FHENIA)Y R A—-F R
WBTSOZLENEREL TR JALERE> M- (BfEE NIE (A>51>FEh)
+ 30secLINICEEMIC TSR ED REEIR) SEEFEBLI15minAR
« W\—93E5: 0 <t < 15min ||« BIRTSONBIRECE BTSN HN—938R(E t > 15minhs
. TERBFTERAT 5 mindR 1hour, BULLIIXIIET Z2BHRNMEED

a3 AR
BRPEDEA(E
A ° QE’EEJ%%
- HY5I
- BCEtH
| (schedule)
Momentary e
Reserve (1&1%
\ Time (minutes) >
10 20 30 40 50 60
HFT) DNV-GL ’¥ BRP: Balance Responsible Party
26
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RAY : ABDOBEEFE

RAYDTSORFEEZR ZIRLKERD ANHERRBIFETEELTWVS

20105 LDRAYTSO 44t HETITOTLS

FIECOVTIE, S8R YILI> b H%Z1ST (2008/2010)
BNetzAGEFRY hI—-IRHIT) LETSOTERLTWS

“Graf-Hubrich”ZF% (AachenXZE) (FEEIZERZNTND
EXRDMOBEHAHIEDINTVS, BBESNZERFLLTOLESD
-FEBEIE

-H-10FBEFRIS—EEE /(X

-H-10BIRFHIS—

-FBATD1- I OBBZEAL

21— IUHhHE3HICRIZEMANS> S
-1BEO3501550BIR/AX

AR (p. o, STESLE) (FHERMNSGRTET D, MieHIICERRR
UBEFREOFIIEZIRATS

IFRCHBXBIEL (f : E-DEATE-YD)

FRICEEIBHEEDEFERLRL (ZOADD, IEREFEEDE
IEIHBEFENSETEID)

27

HUCA = A S a5

Convolution of probabilistic density functions

!

Density

=

=38 99.95% or 8756 hours /a

MwW

Upward reserve
need

|
Downward reserve need

M) DNV-GL

HUEH = H=EEGHTm

RAY : SAHOEEFE

v FRIIS—(L165RERET (H-1)ZER93
> FRAFTORRENMRL (lead -time)imna(d, RHEERMNEL

&£hZL{DReserveMhEL 2D

> RANELT. BERNSADEB T LRI ETREDEEEIBRP
(CFB1TI %,
2L BEMTZINAA LDASIRINS03BIE TICRIOIZED
(EBRPOIRENFRINEDRL 28, BRPICHSATE S TSON'EE
ZR3,

» EPEX spotTO4'—MO-XETOU—RYI( L : 3093 (FilE

4553, EIEM : 609) —=U7ILAA LAD3053HILE. BRP
(Balance Responsible Party) (FEIFEHiHZERLRL

ENTSO-E (84£99.9%) (CHEA. OEWVEFIUTALANILZE
1R (99.95%)

ARIC, FRITIS—(3HBEHFEDHIB0%ZLHD (Amprion
15%R)

v BEREF3SBBIOSCRETCREZEET SN #HEFEE
(SCR)EBH (TCR)ITS. L. FRIRT —R(FZDRDT(ER:
V. (BIZE 20153H20H0HE)

28
27

Convolution of probabilistic density functions

!

Density

~

{E38E: 99.95% or 8756 hours /a

Mw
-

Upward reserve
need

] .
Downward reserve need

HPT) DNV-GL



BRASH =R SR

RAY : SRBDOBEFE

® [EHRDFTERIET. aFRR (SCR) EmFRR (TCR)(C/3 &l

v ERNFECEDVTERINAZEAE, BICSCR  (spinning) ¢TCR (fast-starting) (CHEIEN3
-DETERAZRO7IO-F2ER TN, 2EIB0TE T EBEENH2EEID (BE0D/1X. BIRFE.

ATT1- O ITNAEREEFEEDFIE) - SCROVEFEZHL
-#2 (1EEOtE) MSCR QEIHOEE) Z5IVE0N. TCROVEFSELRES

Load & RES forecast error Load & RES noise Schedule shifts Unplanned generation outages
5 2107 10 104 w
‘ "o T I i | [ |
e {2, | =2 | 2" |
K 3 | = | 5 | |
g 1 { g | | | Bos| | { 5 | |
L | Eos| | & ‘ [ a7 |
| f | |
® ol— Fresgie . - p S A | ey N e s Gl
A 05 [ s 1 1 a5 0 f i o5 a 05 1 1 05 o 5 1
Forecasting Ermor [MW] 1ot Power Loss [MW] 10* Power Loss [MW] Power Loss [MW] 10t
\ Recursive convolution }

< LOLP: FRR+ Y z1-LOLP: FRR-

Security level

0,025% 99,975 %

Frobanliity [%]

HFf) Amprion

29

RIS =R ST

RAY SR HOEEFE

v 3yRBfITHRENOVESEZRETS
(BE1IFEOT—-5%2EA)

v 12B5fJ0vIThSecondaryDiE . BB, mEBE%
AEETDNE(FIR0N

v TSOFRSEPVOILIRFEE FRZITID. EHHETHR
B—-EX (1871 HH) 2FAI?

v BIxO1H#IE. SHOEHREHRE. SHFEEISTCR
OWBEEREIZENTHERATS
> LFIEBIRETE (TSONThRERE (I-J1>

N

1

033FIRRDFANEEDRELEL T, LA RTertiary ReserveDE

e Variation e, o o Variation o, Variation =,

N) ) TFEINTULZZS. Y7L LATORENDFE oo ]
BOSBHEFHIREN T 5 " B
E 5.000 /// —
g 4.000 //

_//F' Referefz- o = 0,85 %

0045 0.75 1 1.25 1.5

Prognosefehler o

HFf) dena-Studie Systemdienstleistungen 2030.

30
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BRASH =R SR

Y ABDOBEEFE

® TSONMERRUTVLWREMAFEARHEINTORWV, MODHHSHES/NSA—4EL TERERR U TUV\REE FE (FH#E)

TZD

v HUREZXST (Gaussian-distributed probability) OETIRSAE

BREEF 2030 2030
2010-2011 2015, 2020, 2025 RO (SR
BREIAZ o 0,26% o: 0,41%
w0 % w0 %ED
EEFRIS- E—- &aREne:2-3% a: 1,67 %;
w: 0% w0 %E
RAFRIS— a: 0,85%; oW, m(PW): 1,1 -8,4 %E3)
0:1,8%; u: 0,11 %*2 pw: 0,11 %
PVFRITS— 1: 0,1%+2) : 0,85%; oW, m(PPV):2,2-8,4 %
w: 0%%2) uPV: 0%*3

7E1:20074F 0B
E2 RERELOEMME
E3:EEI ST IREDIEXME

31

HUSH =R G A5

RAY SR HOEEFE

o HENOEEFEIBIRDFEC
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1t layer of optimisation (German TSOs only)
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Control Area 2
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Central secondary control
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activation

Correction

Control Area 3

2nd layer of
optimisation
(foreign TSOs)

JL—H

Control Area 4

Process within a Control Area

Provider

Secondary control
provision

Area control error

Activation signal

Control area’s power
balance

Secondary control
module

HPT) www.regelleistung.net KDDNV-GLAER

To / from central
optimisation
controller
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16 8 EFAE TFAE 5 EFAE TFAE
130.53 14.54 130.53 14.54
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580%2E 2,100%2E 2,400 2,15012% 594

% SOV~ = o T BundesnetzagenturlMonitoringreport 2013
(B5) MMYCH320126OH75EHiE($56.08€/MWhIZE 50Hertz Transmission GmbHI Description of load-frequency
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Reserve capacity tendered by TSOs in 2012 and 2013 (MW)

Primary Secondary control reserve Minute reserve

control reserve Positive Megative Positive MNegative

2012 2013 2012 2013 2012 2013 2012 2013 2012 2013

Reserve capacity from 567 551 2,081 2073 2114 2,018 1,552 2406 2,158 2,413

tendered (MW)

to S67 551 2,109 2473 2,145 2418 2426 2,947 2,491 3,220

Source: www.regelleistung.net

HFf) Monitoring report 2014, BNetzA
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LTOperating Reserve GERFEH) M. HHOERMNMER TR IEFHB4FRFICTY NN,

o EAFEIDA. Frequency ResponsezfR<EBD DrE£(FRegulation Reserve, STORZXBIFTBIERL.
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0.6 - Frequency Response

2.3 Reserve For 1day in 365da§ys
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49 tHFF) National GridAQFSRIBE R OREAICE D& = EHWAHFRPIEMN
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<"1 in 365"E#(LOV\T>
e “1in 365"BE(LEAFRNZERICIFREIFICEETZHOEETHD., REAMEOSHEE HMME £ THBLOLES
BERIE L (FRBD.
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BENEET .
® National GridiZSTEN365HIC1IH (#70.27%) 2EB#E#LUTERFRNDEZTEDD. (REINTRETRRE
DDFI9.73%% NI\ -9 BB F R EHER)

Short Term Reserve Requirement = STE & 0.Z7% probability

ability

Ietive Prob

Cumu

1500 1000 A00 1] 00 000 1500 2000 2500 3000

STR=STOR+ AR
Srort Term Errer [STE) *

HiPT) “Supporting Document for the Network Code on Load-Frequency Control and Reserves”, 201356H23H, ENTSO-E

50
38



BRASH =R SR

RE : FEHOEEFE

Operating Reserve =Regulating Reserve (Fast Reserve) %+ Frequency Response+ STOR

“Contingency” = Contingency Reserve
et e STOR

Standing ReservetU TSNS 2D/ NRIET—EIL
I2IY A=ToHBAINHAI-ESThd,. BiREIGE
(CXF ST DENNE NI DI REZFTTN52053 A

COBFS(FIREOIZY MSIBRSN TS
IN5OIZY MIFEEBARFINESE T, BRI THAREN

b\é 5 s [—4Tr gt —- -
H31HOERFROOLEREITILIA LDOABRET (CREBRAALI )y RICIER I B R R (CRINVES
FTEBICRES 133,

ZNIZED. Contingency ReserveOperating Reserve
(=FCR/FRR/RR)[CZHF B DIFEINHEREND

n Regulating reserve:
e g Final planning stage Short-trm »
o5 _ operating reserve - BB (Load following) &
E o B EHI DTz DReserve
(5} ] e R R O R E L E)
ggg — (BEEE)  RESTENSO
] 6r Response Tk, BEEOFRINSOIEEC
8 § e — frelquency (LF) SS9 2B D dIZIFICHERE
—] = ve regulating reserve NTUWBRRERS.
2 E’g FRR (+ & -) -ve regulating reserve
B & — R fi
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® X[ETI(&. Frequency Response (BIRZULE) IREBESHEBDHHEERFBOUIIABT LTV
Bl RAVELEAR TR PARVEERECRO TS

® RET(EF. FYICEEATEEECHUAMSHZ 0

RKE (national grid) (CHIF22014FEDT7>2I3V-E

Frequency Response

(10F2LUM) Fast Reserve (297LUA) STOR (4BFR\LAAY)
(HHEEHBDIES)
B=MlE Befitg S e il Be(fitg A SIS Mm%

T [ £/MW/h] [ £/MW/h] [ £/MWh] [ £/MW/h] [ £/MWh]
2.512E 3-4712E 14012 3.26 171
T4 - SEEAAL FHEFES|EHE SEEAAL FEHFRES|IENZE

HE|E FERAMLEE[MW] BE[MW] [GWh/4E] HE[MW] [GWh/£E]
30012 334 1,592 3,500%2 300%2E

v - o (3¥) Frequency ResponseD#EMIEZHIDIZE (.
(%) RECHFZ2014FDEIFTEAMAE(E40 £/MWhIZE Marl:eg lIiepoY’t(Z(iFEﬁ*ﬁ(CEﬁ@'ééEEﬁb‘ﬂh‘ofco

P National GriddMarket Report&iD=ZH&ATTFIER
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LR GRZE(ZENTSO-EMOperation Handbook(C#£9%

® ST LADOY-LR (T BEHERNEIRLEHEEEIENSBD

MEEEBN DD, Frequency Containment. Automatic Frequency Restoration. ZNZNEHEL
FMEA DI TIRDIIFBNS

i = FREHNICGET S FREL DD
FCOPRERRE E R e

réglage primaire de +20mHz CEEIFEE), 25 (3000MWOZEML) ($£200mHzETOfRZEZ  =15sech5=30sec

fréquence A9 3hreservez100%FE#N I 5, FKEOX (LAILLEFE00MW, LAL2(E
1000MW)F4RF(E+800mHz
réglage secondaire SynchronousIU7DEKRERE TS ATYT - TOvI D BB LR L, 100sech5200sec  =15min
fréquence Primaryd> hO—)LENIITS B, EIRZECRIBDIGE. BIREOZ{LER(F103
BIE-IERB
réglage tertiaire Primary, Secondary CHEIIGTCERVMEE(CHEE), DKDELIEFIHRNTOAD 22 <15min
fréquence ZAL(CHTIG . BFE(CLBDIERBE. FE (1000MW)
T =30min
(500MW)
Primary Voltage BaHIEESR N N E ., FEEFE

Secondary Voltage  BE%ZY->TEIE

HFf) RTE, “System Service Rules”
ENTSO-E, “Continental Europe Operation Handbook Policy 1”
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<TFPACHEIFBFTREDINGT>

& ZEV-IUEREEEFEZRTENMREL TS, 2015FFTOLREMIEZFEL TS

o [iE. 1AMV EDEFRERIREENRESNTVT, TEMIEEZENLTVD

® 2020F0BIXRIIVER[E23% THdN. 20135F(C19%ICBIILBEDD., e 7> 71T DiMEENE:
& A - KRS EORUNEEL TS

o NEBJFAEMEZITVIILYH. BENURZLICBURICRIGT DL
® BESS(battery energy storage system)(C&2EREGAEREERZ IR

<miiE>

® TSOTHBRTS (d. 90% U LD 1 7% F OREBEEDFOTEF L THD. BIFNT A TR FHFEEMN
ZRISICFTEENT 282U TLDN, THEEEIECENFTARES ANFOTLS
OTCENSINKFZ2EHTUS (20128T87%)

Balancing Mechanism (GA%ZEmiZ) . BISER (TAN) ZZITRE-FENSHIOI6EE
AIEMISCOVWTIEALER, E, RFgI—0v/ D couplingiEd+. Held TARAL> RV FILEBITS
RAYOBREIH IR F—RENITTADE D EMIASCFZEL TS

BEMIHF2016FENS5E AN, Demand side ResponsebEID ANBENESREINTE
MIZOREMENMETSpot Market®CouplingZziEshs

HiPT) European Commission, “EU Energy Markets in 2014”,
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ALY SRR DERS

® ARAZ DN DDFALTECOED,

FREHNICGET S FREL DD
FCOPRERRE E R e

Primary Regulation @ FEIREZEENCHIGT DAL — RElHZEDFEBEITY N, F7%5. REECLZMEM  <30sec <15min
Reserve LN

Secondary 0 ST LEIEEEBERAECTIS I RS EH B ENEIREHIH, J5>A—-AR_14  =15sec <15min
Regulation Reserve > EIDE S ZTHARF ST

Tertiary Regulation @ FENTZORIOXIG(CHET THED <15min <2hr
Reserve

Slow Reserve ® IEHL VBN NIy hOEEL | 30min 4-5hr

HP) Terna, Code for transmission, dispatching, development and security of the Grid ,
, Ignacio de la Fuente, RED ELECTRICA DE ESPANA, “Ancillary Services in Spain: dealing with High Penetration of RES”
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ALY WBDDEZTS

SARAUNTHTBFTHEDIRGE>
0 ARAVIAFERARENTEFELLFET. 201 7FELTIHEIEE(CDEONHD

o0 BAZTEIRIF—REFISDECAPrimary. SecondaryREFAEENDREEN L TLRV, EDOFIE
FBE (FLLBOTVBH, FERNICEEEEZE T T2 E (FIZ(E. BRAZENEEIROL DHNHEIR
&)

® European Councill3FZENFEEBEN10%ZRIER THRIDLZBEIRELTVDN, 2014FARA1>
TORERBE(F4%THD

® IRADBEBIFBHEEDFIZFNAFTAT, 2001FENSHRFOBEENDD . BERIREIRILF—FEADH
BENEOREREDZEDHD

<miE>

® 2015FHAICEIRINF—THHREZITV. IRFHIRZRD. ZEMEOHIN KRR E R FEFETNER
ZEASINCUTIRIETS D (AT B HRA—E> . BT 1=y MENEHE)

® VAFABEICXI DA ARG - IRIF-—THhE) ZiR5

® TSORIDAENFIBLITOFTE

HiP) 1EA, "Energy Policies of IEA Countries — Spain”
“Spanish energy Regulator’s National Report to the European Commission 2014”
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<FAEEPHEMR>

o FARNOWEE(EITSONTE. FhEFFHZEMEE (MSD) TUZIAA LiE

o FARNIERZROREIZYMSDH

v’ Primary(3FEDH : > 10MVAFETE. AE—RHIfH0-100%% <50sec

v Secondary(dTertiary(CEpNTE21vh

v Tertiary(ERENZM4ZMWIIENTERIYh
° MSDT(?F“E‘(JJ‘@“éLbDE’Jiﬂxb\(iﬁ< AMUAIAE TSZIAS NI EN T2y NI U TIETEEESZHAL
® MSDLIATEIN—I U T EZIAVNEEN =FBKRANY RN B2OZIAVERL GENIFISZIAL)

° 4’5")7((15@7]73‘é%3(l,\<794k ET. JAMMWN-TERVEENEI\ITBEIEEEEHD. REINCENZ
ERFE ORI RELLD

<s=mhiE>
® 20158 RNSENMFE
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<FAEENHEROERIRIL>
o XRIFEFRE(EWebsitelCHE(C—E. Primary Secondary Tertiary ReserveDBE=2%IiET 31z,
fERHZFEKRT . EISEEIBA—HZOBMRAB (U TANLZITD
o XRIMEREL. BHMIBLHETRS (MSD) OEEZEDfzsHForward Energy Account (BBEIIRIL
F-EEI0OR) 2855 0REZSOREBE . HEEZHIHEZEIOBNID
o XRIFEAERHICEVHIZSEEE(CHIEMIZOL T OEHREZIRME TS
v HIBEMY - EREEOEBNEE
v V- TR RAE
v BNNOIRIBY >N SR E R RER RS
v RERE/\INSDEmX TERAE
o ENFZGFFRTZINIUILNGHD, AT OISIREDESE -
v REREINEEEBET 4. GridDfE0R
v [ERTH
v ARDBVBRORE, BIHBOORNZHAEBEINT S
o FTELHIGOARIENEESLPrimary Frequency regulationsSecondary frequency/power
regulationlCKDRFER BRI TEHNICEI1ET . Secondary ReservelC AFLUZEE (FZDH D%
BENICHHETS
FEREREAIIUYIVIA LTSecondary reservez £ BRI 2IERZHES
o ZNTHENRVEE. Bal (GHE) MIBTERAILTERNEENSTETZUNTES
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A5)7  WERDDEZTS

o (FUPDIFENE FERHICEIREZHE T IHORBEIE. FHOFREPENTEORBEVOIERE
FERELERCBREZOHE T S ORE D DD FEN DD

o EEFHEHEENERTERE D OEIXICEDANTNS

o IR (CHIFIBDE/\T TH D, R FEEOMASMEVO TEHHTEY MABBRIRETHD

i = FREHNICGET S FREL DD
FCOPRERRE E R e

Primary Reserve o FERHRE CHBRE. SRBXE (UP) (HERZHEBIFEREZMRC) (&R =3sec

(FCR) AEHDDL.5% (BTIE10%)Z 6T 2EHENDD.
Secondary Reserve @ Tertiary Reserve LRIV %L TnaE8ZRD, BEIFE, ENTSO- =154
(FRR) EDPolicy 1(CUIehH> TE%ATE
Tertiary Reserve ® FH), Secondary ReserveDRI>RN\AE%[LOHET DIt FEOSHBZE  =1553(C100%
(Spinning) (I 5T BENTSO-EQE#E(T#L 3. 2 10MW, 50MW/min
Tertiary Reserve ® &), Spinning ReserveDEi8931zth. FEDRHRZALICTIET D <120%3(2100% FEHAIR
(Replacement) ENTSO-EDE#E(C#EU %, 210MW
Balancing ® U7)LAA(LATH)Y RORIZERRZR, Secondary ReservedDY—S 2 IEEICRY. <159

Tertiary Reservez{#5H\MSDii5 CU7ILA1( LATE. 23MW
Congestion ® N-1,N-20i55(CH 5T 2. 210MW <159
Interruptible Load ® MSDTROBBENMER CERBE(CHE). BfazRILEE? =200msec
oA ® Reactive Power, Load Rejection, Intertripping
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<fHHaflEdE - X AcE >

o FENODFVKNEENZ. BERZEFEDHIEARD
o AEED/VLMBET. OSTHSEHMANTES,

® OB EAN-_XLDREFTORUVBLTHEZRID, i Z I 2LNEBTEXNZXLOEINFIEENED

Bane

BRASH =R SR

o HIHMIZOHS SN FMEE . HEBOBINEENIGIFEELDED RS (ESDZIEXD) 8.
TAREBNINFEETD. T AVNSDABE (LTARAOMRE) (L&D HEEIRESLHEKRBICH
FaNEHERL CIAVERZ IR 525 0% T B,

<[EHEEEAE>

o IRTE(L, ILREATEH, FETHERERELEERINTLAN

<SHORET>

| stepl EFINDAOFERELTE. ILERTIF2030F £ THRIRRBERNE(FEEETRVEVSFIEBTH B,
BREE - JRHEE A TG L, ILRREKAREBOZIENEL. B/ W7y TOEEDZIMECDOVTIERIEN L
] step2 MHRICLBEBICOVTE. EHOEOBEXN-XLMNOSIN TERVEEFIEE LRI TIEEEN DD,

AR EOBEEXNZXLNOBIESNZ (R T 23RN

FEARFTIBSHIILTIRN O, ZORDIFROFZBERAISINERIETHS

- BRADLLEAMRERZ E THDD.

o HEHIRLE - RIS VEENDRE(SN T 21> F1J%58(ET3
o ISFRFTOFATEITENE(FEON, TXAMINRBLDICFIA > T4 T FINRI
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o JtERIFAENDOSVKAORENZWN TOX-VERASN (BAZHEIR) HE0

i = FREHNICGET S FREL DD
FCOPRERRE E R e

FCR-N (Frequency
Controlled Normal
Reserve)

Fast active
disturbance reserve

Slow active
disturbance reserve

FCR-D : Disturbance

Reactive reserve

Time deviation

® 50Hz+0. 10EREURE CEHEIFE). YIS T ARICED2/3EFERL. JHIT
BEEICfEZ 5. 2600MW

o [BEE)F{EII(FCR-N, FCR-D)MEDNIZRELIFELRVIFICHES) . &
BRFEYISRTAT, EROR RNLRYIZERL TRDB.

® Fast Active FHENHRTHE

® 200MWODIBREETHE) (49.9HzTEENIFSE), 249.5Hz 2R DL
&I, ) JEIAICRIATZENHDOFCR-DOUT -TEFEEDERAN> b
(CHAILTRDD (RAEEEEHT)

o RIEFIEEIBCEDBVEZIER

o FRHNSMACHD, ZEENHEDLNMRES(TITS
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JEBR : FAED ORI
<ALBRTIHOBE>

SETRMIGTEREERENRBNZRELCEN AFEFRAGIEXTEL

JEBRDOEATHIZORME, THIENBERNGREZEI EZBMNICL TV EFHE[JIBZ TV, KL, REBIREDZ
FBUATT A HEARREERHIRECLD,

FinlandéSwedenT(&. Elspot/its (FIHOZAMRY hit5) HNRBEEAIED/NTORICKREUIES, SIS TR -
BRIFRINBERRZMOITES THd. REFE2LFERIDGETT. Sweden(d1,500MW. Finland(Z365MW%
ERL TV

Denmark(3IRTE(FEEVN, 2016FE(C300MWOEKBRH Fia i %5TEL TS (Sweden,Finland&E#R)
Norway(3EBE I FE 0 (EEON, BERIHRY—-E2E (300MW) ZFiELTULS

FEMMEOFVVKIEN D1 7HELNorways SwedenDFEZE A (CFDEDH S, FinlandldZE—8F(C2,000~
3,000MWODEI A (CEEDTL\3., Denmark(Z@E D ECHPAZ L\ s, EFIEFEEME T I355H9HS. Norway-
Sweden-Germany DEZR(CEDADNFIATIEETHZINMND., ZEEDERZBOBRIAKERIRAITHZ.

lled it i loads 1995-2013"

Figure 7. Net changes in generation capacity in the Nordic countries

I
0 10

= Denmark
- Finland

2000

- | s g
l I - Norway
- --—-_-_ - Sweder

* Nordel changed reporting methodalogy for Denmark in 2000, the sudden change from Condens- Sources: Nordel and NordReg.
ing to CHP in the figure iz due o the new reporting scheme.

Sources: Nordel, Nord Pool Spot anc NordReg.
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JEBR : EEDDOIRI

0 FENEMICEIREBRELFFEINE (T TEEOMBMEZISN TS,

v TBOHRED. MEEEOE L. L. AEEEOSEXN - ALANHEBLRSETOREEEREN DD

v flexibility "AE(CROTHIBE TE. HAF-ECNBAFIANMCRENDRVEE(IKNOREETHILTES
v EEAInflexibility NMERACIZII DRIREMEN DD . FTULERRZE A IBLDEIAMNMECRS

Table 1. Reserves markets in the Nordic region

time Market solution

Primary Automatic feedback- Zero FCR-N and FCR-D: markets for capacity to
reserves control based on primary reserves. Daly and weekly markets = % ”
frequency with hourty or load block resolution Figure 2. Clearing order of physical markets
Secondary TS50 controls units Max 210 FRR-A: Market design under development for Raal-oime
reserves seconds the Nordic synchronous area ACDVIEON Of TeseTes
LFC: Market in Western Denmark L L 1 1 |
I 1 L] ] 1
Tertiory Manually actrvated Max 1Sminutes  FFR-M: Hourly market for energy, separate SEIHONI TIAEE Wesk DSfOrs real-0me Dy Defors real-time  Intraday Post real-tme
TUIEGE MEGerors (TARONN T UMM MeGaret weRLy  Day-aedc Tamel  InTacdy manet R LTt
reserves markets for ramping up and ramping down, Frang e b '"'jlr\'lu-\-v'-ﬂ.“.n_d TOMANCE LESemen
market doses 45 minutes before real-time FIKOM SEIRONE MaVe (Norway)  Secondary e eserves ErFmary nesares daby
RKOM {Morway): Option market for TSO: V:'?;_.P.:‘rl—.m rESer/eS markEl -.-1-::.\*« y M manst
generators and consumers commit to bid x 3

volumes into FRR-M (weekly and seasonal
resolutions], only used during winter (see
Section 3.1.4)

HiFf) THEMA Consulting Group, Capacity adequacy in the Nordic electricity market
http://norden.diva-portal.org/smash/get/diva2:848829/FULLTEXTO1.pdf, p33

66
46



1.2 KE

67

BRASH =R SR

KEH :

SHENDODFALEMF

SR NEROBRNLBERTS

RIS =R ST

v NERC(Z. FAEHZFER/BIFCHITUTOLICHEE, o BEFIENIT YIRS - MFARADOBER(CED

ANTWS

v EBXREEREEORENDAG, FTRZEFIODE, BL0ERNDD

il = PREHNICET S
FCOPFRERRE

BUREISE
(Frequency

FERF
D

Response)
R HI A

(Regulating
Reserve)

BB Fim
(Spinning
Reserve)

R
REH

IEBEEN TR
(Non-spinning

Reserve)

fHENFAm S
(Supplemental
Reserve)

BB E

ZoME
)

(Voltage Support)

TR~k
(Black Start)

NERC®DControl Performance Standard (CPS)(CAE2T. AT ADFE
ZENOFREHO T ESOEDZREN XU T ANFHIENC L TEIREZE S
IR BFEERE

NERC®DControl Performance Standard (CPS)(CfE2T. AT LADFE
ZEVCREHOTFENADLEDEB I IIN, HAD LT FIFESE. B
B)FEEBHIE(AGC)(CED T, BIRE(CKTIG S 2T e

FEEBE THD. NERCODisturbance Control Standard(CfE>T. ASRFE
EHUEIEDEEORERFCEIEECHIGU. 105 URICEASH D ZERT S
[EIHAFEE

EsREERIEN FHEAL TVWSRZE I LR EHIREENTELL,
10D UAICTERBIE DZEM TEDFE B

BEUICBEN T i CIEBREN T iR D Z R DIRE(CR I e [ BB B
30-600 TATERHDISEI ZBEN DD

RIFOBEFEDEEZIL ISRV, BEN DD —EDEBECUNFDLS,

BN MR T DFEE

RIFTIEBNFEEL TLVBEEIC, RIADSOBNHHEEFIEE. HEFRAT
FEERMIGL. RROMAEBFRCEEAE D 2T 2FEEH

#i

13 5A

HH~109

103 AN

303 A

562

563

FREH D
E ARG R

20/ AR

55~ 115

10-120%

10-120%

205

502

ST

HFf) IVGTT Task 2.4 Report: Operating Practices, Procedures and Tools (NERC, 2011). 8LUNBHEN(BIENFAES. 2014.09)
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KE : ARDEROEARNGEZT
o BENOVLERLHRIAIIOERT

v ZREREHIOVT. EBEEEH0IEETEUTONERC Reliability Standard " I2aN TS
v = EDQLSRET BN FEVWDETISRAET BN, ELWRBIECOVTIE. BIRIIRREFRVEE ZBND

BEBEHOEH NERC Reliability Standard

BIRESE ® NERC Reliability Standard(c. @ BEIREUKTFANDMRELUED. o BAL-003-1-Frequency
(Frequency MBS DOIATRIVARTE (TR0 B30 ANF AR HZERRR Response and Frequency
Response) (CHEsR Bias Setting
TEE | ERSEETHE e NERC Reliability Standardic. @ NERCHEEY2MEHNCPS ® A-001-2-Real Power
FREY] h WHEEOIFRIRE R (Control Performance P:r?onrcrl:a?n an ro
(Regulating ® CAISOT(&, TR Fwh Standard) &5
Reserve) ([CANTHiEzZ=R1
BB T 1w ® WECCIU7LSITIE, N-1558 @ NERCH%&EY dDisturbance ® BAL-002-1-Disturbance
(Spinning [CHEHI B TRz HERIDLD Control Standard (DCS)MD:&<F Control Performance
Reserve) FRIE ® BAL-002-WECC-02
® WECCIU7®Dd+. FsRoungnn Contingency Reserve
- REWHZFER I DNEDD, 212
] (e L ERRE050%L e
;H\;; jj Recze) FlahsaE
ke v N-1EHIHEEIZFRIOE
W FE v BED3%SIAEIETID3%
(Supplemental
Reserve)
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KE : NERCICHBIBEREISEFRIERDZ RS

® NERCOFrequency Response (BLIEEUSE) (&. BADOGFRAZEH(GEVERK
® NERCTI(Z. Frequency ResponseD®E X 75 (L FDLIICEEIRL TS
v FY, s RRRC. EEARI(CFrequency Response Characteristics Surveyz3EhEU. EIREUR T4 > MY
FHEURBRD. FXRFCHITBFrequency Responsez &
v ZR#REDFrequency ResponsefEfIlE. £ TFDLICEIEENTLS
> EBHORFEEIRTAN MREBL. &4 8HENizFrequency ResponseDHfEfEZ A
v ABERRE2BFIEXT. FRFRCTLT, BEEDFrequency Responsel#RaE:E (ZL. ENHIE-IFEED1%
(SRS S, 1% DEHEFR T 2HESHD)
MEEEDFHME. NERC Reliability Standard BAL-003-1 — Frequency Response and Frequency Bias SettinglC 52 &%

JERT7 DARMITRET

Frequency Responsefg

RiR Frequency Response
(MW/0.1Hz)

Eastern -2,769
Texas (ERCOT) -650 -
Western (WECC) -1,482 Incercannection
Quebec -120

BXas
Interconnecton

HiFT) Balancing and Frequency Control (NERC, 2011)
HiFf) Balancing and Frequency Control (NERC, 2011)
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KE : NERCICHIZEIREHIEHFimOEROZ TS

® NERCTI(. BREHI#FRmAO(LFCESOERFIRH) OuEENEXJ5(E. NERC Standard BAL-001-2-Real
Power Balancing Control Performancelc##l, T2 DDEEZIU7TEDLD., AN ZRELRIFNERS20

v Control Performance Standard 1 (CPS1) : FREIRHBORELACEDREDEN, —EDFHHE(CHEED

SSFRFEEALRINERSRV. BLTFORICOVT, @EIERBICHIEoTIREEL. 100%%ZiBX2MENHD
» CPS1 =[ 2 - (ACE * frequency error) / Constant ] * 100%

v Balance Authority ACE Limit (BAAL) : FFERFTHNBR2IFTHN. ACED 1 RIFIHEN ., BRIICGRTES
NIZ ETFIRMB(BAAL ou/mign (MW))EEFTI093 A LIRAL TSR\, ISORIT. EIRBOEFBEL RIEEDZE
RHSBAALZUTILAIA L CEEL. IR FIMBZEBURNN RT3, #1530 BRIOE@NSEEI05 LD
RIEHREUSEE. ARNDED5|E LIFMEFTEN3.

Area Control Error BAAL LFR- FRREEET
ACE = (NI, - Nlg) - 10B(Fs - Fg) — lye FTL. —F
- Nip ¢ Actual Net Interchange (SRIBODERFIR BAAL Low ( lOB (ﬁ L Tow F, S )) X ( Lon . )
*Nig : Scheduled Net Interchange (1B EOERIRHTD (F A F, 5 )

B Frequency Bias Setting IMW/0.1Hz] (RFERLISEEED

«Fan © Actual Freauency (SIEOERSD (F 1. LHFg}r o 'FS' )

“Fs : Scheduled Frequency (@I : ¥EE0H2) BAAL, = (— 10B; x (F Y r— ))X —_—

“lye © Meter Error (HHURE. BEEEO) ‘ (F,—F,)
ACE(Z, BARIERIROE R ETERIRORE(C. BAAL |, : Low Balancing Authority ACE Limit (MW) (BAALTFFR{E)
BiEHRELEHREREZERBUILED BAAL ,;4n: High Balancing Authority ACE Limit (MW) (BAAL LBRfE)

B : Frequency Bias Setting (MW/0.1Hz) (REAEIREUSETEER)
Fa: Measured Frequency (FELRZNEEIEE)
Fs: Scheduled Frequency (EiREREtEIE)
FTL o : Low Frequency Trigger Limit CRETEIRETIR NG -)
FTL nign - High Frequency Trigger Limit CRETEIRER_ERMH-)
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® NERCI(Z. Contingency Reserve (RB2BFHAEN) HRDIEEHETIN REBHNIREUIZEIC.
EHIEERENSF AR EDisturbance Control Standard (DCS)%ZESH TS

Disturbance Control Standard (DCS)

1 o ZH{EARE (Balancing Authority: BA)(d. #BELICf@XzContingency Reserve (B2 Fiw) Z2HRI 2. B
SRFRADELT. REF. HIEIEERARE. TUZEORNERZEE. 2EEI5
> 182 MBATReserve Sharing Group (RSG)EZERU. FHEE %) —TTHEEFL. BELOFARDNUNR(CRf
BAICAEFRLTLL,

2 ® ZBA (H3L\ERSG)(E. Contingency Reservelc B3I —ILEZRET S
> BAMI(C(E. Contingency ReserveDWAEFER, BARXY/N-ADEINH T, BiEReservel® (ERFHS. 1
B RHE) ADOFIHT, BE)L—IL. Reservell b2 HIHBIEEREN LIREIS. (CBIT2IL—ILEEDHD

3 ® BA/RSP($. DCS#IESTY 3zth. Contingency ReservexEEXCHERLAITNIERSR,
> BA/RSGI(&. N-15B#(cf@EZzContingency Reservez{KRHERURAINERSRV., HEEFFCIEIN ERE
I, . BEREEERNFUN-1BHREEHNCREI L

4 ® BA(L. EBELFEER 159 AAIC. ACE (Area Control Error)DfEZzt0 (BELREIOACENEFREFONZEE) | £l
BELFIOME (BELAIOACENANIBE) ([(ETTULBNIFSIERSRN

® 5E4FRSPOIZE(CEEAIS

® BA/RSP(Z. EELIL THEI0 LI, Contingency Reserve#BELRAERIDIAREICIEIREE S,
HFR) Standard BAL-002-1 Disturbance Control Performance (NERC, 2010)
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® fZIZU. CAISOZETBWECCIV7 (S UTIE, RIEL(FFERDIEHZRLTVS

WECCIV7 TORERRRENEROERTS

1 o = iHlfEHRI (Balancing Authority: BA)E/z(&Reserve Sharing Group (RSG)(&. EELICfEZ/zContingency Reserve’%
IR IDHENDD (2L, BELFENS6073 REEERC)
o ERMIC(E. IRDSEARZEVADFRAOZHEERITS
> REIBRERN- 1B I 2T RN=
> BED3I% + G D3%
® T, IEHNS100 UAAARIEEIRE THhINEN DD
2 ® S THE{R I B Contingency ReserveDM < E¥53 (&, [Operating Reserve — Spinning (BiE)Fw/1) 1£9%. €
OEMFLLT DED
> HNFHIEHFREEOMOFIENCED., BEIRERECHRRCH OB EIMIICIEE IS
> EBESER10ZAICTIVE N ZEERTES

3 ® BA/RSPId. Contingency Reservet(d5li&. —EEDERFRE/ (BHEIU7HNSRLE I 2N FIHDCHEH T 22)
ZHERURFNERSR0
4 ® BA(G. BELFEAE 153 BLIAIC. ACE (Area Control Error)0fzt0 (BELBIOACENEXZEEONISE) | £FE

ELainfE (BELRIODACENENIHE) ([(BFITURNIFSIERRSE
HiPf) Standard BAL-002-WECC-2 Contingency Reserve (NERC, 2014)

73

RIS =R ST

(2%2) NERCOEHEEEEIGERUIGEDORTIT1—

o EHEFEMIK (ERO) THZIILKEHNEFEE R HES (NERC) MRUNERCHIER%Z(T I it
SEAE FERC GEFIRILF—IBHIEZESR) RUHFIRPIX(EAFSIOEALB/NRFIUIENERC
EEERE ([SHEERE]) OBHCLRE. KRBREHRROFREE. ERENVI-Y-INER
UliHE. SBEENUIES RN THIRIEBTRTEL., BITENTES

KETEHEFRENIECED, ER1EICOFT1H100L RIVA T ORISR I LN TES

0 ENRDUAIEBEREBEEBRICLARTFINT(EEELX TRICRT

Violation Severtiy Level

Violation

Risk Lower Maoderate High Severe
Range Limirts Range Limits Hamze Limits Range |imits
Factor Low High Low High Low High Low High
Lower $1,000 £3,000 $2,000 $7.500 53 000 §15.000 £5,000 £25,000

Medium £2 000 £30.000 $4.000 F100 000 86 000 $200,000 | $10000 | 5335000

High 4000 125,000 $8,000 gacoooe | swizooo | seesooo | szoooo | s1.000.000

HiF) NERC: Sanction Guidelines of the North American Electric Reliability Corporation
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KE : EIUFVOHFEHODEZTS (§81E)
® NERCOELREEUGZ (Frequency Response) (CXFISI 3RS

CAISO ERCOT PIJM NYISO
EZPoN Primary Frequency Primary Frequency Frequency Response Primary Frequency
Response Response Response

Rt ® Frequency ® Frequency ® Frequency ® Frequency
Responsel(d. EBIDY Responsel(d. ElFIDY Responseld. {EBIDY Responseld. fE5In
>3FU—B—ERELTHR >33 -P—ERELTHA >3IU—H—ERELTHR 23S -P—ERELTHA
ESNTH5Y ., BEfHE ESNTHSY ., B ESNTHSY ., EfHE EEINTHSY . BFE
SRIESNTULRLY ERTESNTULVRL SRIESN TR ERTESITLRL

® Spinning Reserve
(&) (LT HN

P iile=
nWE= ® Frequency ® Frequency ® Frequency ® Frequency
Responsel(&. EBIDY Responseld. f&EzIny Responseld. EBIDY Responseld. 51D
23S -B—ERELTH 23S -H-ERELTHR >3S)-H—ERELTH >3 -B—ERELTH
ELUTVRVZS, E FEUTOVRUZ8, E FEUTVRUZ8, E EUTLRLZE, E
EREFEREIN TR EREFEREINTLR EREFEREIN TR EREEEREIN TR
0 L) L) (A
nE=HEHO e NERC Reliability ® BAL-001-TRE-1 — ® NERC Reliability ® NERC Reliability
fgt Standard BAL-003-1 Primary Frequency Standard BAL-003-1 Standard BAL-003-1
— Frequency Response in the — Frequency — Frequency
Response and ERCOT Region Response and Response and
Frequency Bias (C#HL Frequency Bias (C#HL Frequency Bias (C#EHL
ERI(Z>) e BATRMIAMEZRV ©® BATRAVAFATE (L) ® HASREVARARTE (F730) ® HA/RAVIRARTE (F720)

75

RIS =R ST

KE : BIVFVOHFEHOEZT (f8E)
® NERCORERKEHHFH@S (Regulating Reserve) (CXTiE9 2%

CAISO ERCOT PIM NYISO

B2 Regulation UP/DOWN Regulation UP/DOWN Regulation Regulation
¥ B 7ty heL TFRast-Responding
Regulation Service (FRRS)EFTE

BT BAYA @ 20 BA4A : S5sec (FRRS(174 BigA © — BigA : —
A 1minAN B&A : 10minA =A : 5minA mA -
5« &=A10min 5 — e — e —
WESE o HUBMIIREBL o HUBMIAEBL PIME{AELT. o HUBMIBAEERBL
o ERMITFORBEOO%LVSAZ o  TFaRiEiH(CEIVTSHEIGT e AJE—/BERRE (0000 -
TCAISOMER =1 0459) :525BZIMW
e IM(CUP/DOWNZNZEN [ ] FRRS-UP : 65MW o t—/BRI® (0500 - 2359) :
300MWIZE (] FRRS-DOWN:35MW 700E6%IMW
MEEEHO ® NERC Standard BAL-001-2- HERERIVFIE o AJE—/EsRAF (0000 - ® NERC Standard (C#HL
Ei=tag Real Power Balancing o RYNEE(SATLABE-RNFE 0459) : ZOHORIKEED
Control Performancelc L EBE) EHNMOEHEX 0.7%tHH0E
98.8%1H o L—/BSRSE(0500 - 2359) : €

OHOE-IFEEDO0.7%BHD=
® RegulationEtMEEDES(E.
WMESEN+2%URND15MWEL

AELRIFNERER
o TEREROMHGEIEIRERTRE
FARDD25%LLTF
HARIA(Z2) o FIHICKESED100%%. AIAM e ERCOTRIEY>S5U-hi5%ziE o FIEMIBZEL TRE e HIHICKEEDNI00%%. BIEM™
157iB0 CHRE UGRE o LR, SHBECRELEZITV. B B0 GRE
o L[, 1I5DBECRELZITLN CHBEAERIZHEE. U7 o HE. SHBICRBELETV. B
BV ESEEHERIDIHEE. U7 A1 LiiinZEl GRE (CREBEEERTBIEEE. U7V
WA hititsziB U CHlE A1 LB GRIE
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KE : &IU7

DRBNIDEZTT (Fo4h)

® NERCOHiEIFfE/ (Spinning Reserve) (LG9 2R

B

BATE T

D7%:3=

MESEHO
Ei=fay

R

XKE : FIVU7

CAISO
Spinning Reserve
BAa
R
Frie
FE15%9850MW

1sec
10minA
30minBl

e R e R [ wal0)
DEMREBFILUTI5REN

7

v ROBEEAN-1FH(CARS
ER)=

v BED3%HHIEIID3%
(IBEBEFE+AS
HE)

o WEMREDI550%U E

(FBREN FAm N SEE

o FIHICKEEN100%%Z, H
Hfii5%i80 (i

o HH., 157BECRELEITLN

BOHNEELHEERIDHSE.
U7IVA4 hitseiBU CRE

ERCOT

Response Reserve Service
(RRS)

BAkA : —
BA : Smin{A
¥t : 30mini E

® 2015F5AXKFTEEEME
(2,300MW)

® 2016F6ANSIETFiLigs:t
[CSUT. B/BERIRICEoT
ZE)(2,300~3,000MW)

o BEDEMEHND70%
® RSSHESE(CHHDHIEPIEE
BEEEHEAR50%FT

® ERCOTHIHY
BUTHE

>33 -hin%

77

DIFBNOEZT; (FeFE)

PIJM

Synchronized Reserve

BAkA : —
A 10minlA
e - 30mini E

® 1,375MW (RTO
Reserve Zone )

e 1,300 MW ( Mid-
Atlantic Dominion
Reserve subzone)

BIF02o055KE(ME

® Reliability First
Corporation (RFC) H&R9
RENES

o S LBEEN-1EHD100%
[CABET 3=

o HIRMHZEL CHRE

o 4H. SORECRELEITL.
B BREBLHRIZIHEE.
U7IVIA hhisziBU CRE

® NERCOIEEEENFHE/I (Non-Spinning Reserve) (CXTiSd %7

22

RS

WEE

WESEHD
et

FARIAZ2)

CAISO

Non-Spinning Reserve

BALE
=X
5

153A
10347
309k

F1IHI850MW

i) - JEBREN - BN TR Os
EHEREEUTI5AREVNS
v ROBERN-1BHICHEHT
s
vV EBED3%+HIEHID3%
(;ﬁm%%ﬁ% +EAEN
=
o WEMHRENDS550% (35
ENFARDNSTE

o HIHCKEEN100%%. AIAT
5B CE

o M. 150HBSCRELZITLN
B ESEERIDHEE. U7
W54 hititszi@ U Tz

ERCOT

Non-Spinning Reserve Service
(NSRS)

A —
=X : 3005
Fe : 300k

TFiEnast

o ERHBEN-1BHHIEIZE

o XYNEFFEE (SATLARE-AE
NREBE) PHOESFEXEI5%
M35, Regulation UPTHHEF
DEBFRVLE

® ERCOTRIEY
UcEimE

>335\ -hiGEE
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PIM

Non-Synchronized Reserve

A« —
A 109HA
i 303 E

Synchronized ReservetNon-

Synchronized Reserve O&ETE

® 2,175MW (RTO Reserve
Zone )

e 1,700 MW ( Mid-Atlantic
Dominion Reserve
subzone)

® Primary Reserve
(Synchronized Reserve&
Non-Synchronized Reserve
5351) HEEESynchronized
Reserveh BENZES)
® {LEEMIICIE. Primary Reserve
((FEFREBEERN-1FBMOBH L
Z150%(cHEH I3
o HUBHIRAREFRL

o HIRMISEEL CIE

® SHBECRBELZEITL. BCHE
SEHRIDBEE. U7 A
MiSEEL CHE

HUSA = REES 5

NYISO

10-Minute Spinning Reserve

BkE : —
A 10minA
ESi i

® NYISODERE(CLDEHIBE
72N-13BHD50%(CAHEID
2ok

o FIHICKEE=D100%%. Al
Bis%EU CRE

o HH. SHBECRELEITL.
BN BEXERIZIHAE.
7 IVAA L7l CRE

HUSH = H LG

NYISO

10-Minute Non-Synchronized
Reserve(10-Minute NSR)

BAIA @ —
BA: 109MA
5 —

T2 MELEICHIIS 2

®  10-Minute Reserve (10-
Minuite SR&10-Minuite
NSRO&EST) MEREBESZN-1
BD100%IAHEHIBEU £

®  10-Minuite SRA'REIBEER
N-1B8D50%IABL I D=
Bk

o HIHICKEEN100%%. pIEM
BEEC TRE

o HH. SHBECRBELZITV. B
(CHEEEEERTZIHEG. U7
A4 L EIBL CRE



KE : FIVFOREHODEZTT (F1E)

® CAISOYERCOT TIFEZRINTLVRL)

E=ra

RAtTE T

WEE

WEEEHO
et

TR

CAISO ERCOT

BALA :
5

Secondary Reserve

BA : 30minlA

HABH =R G R

NERCO#ENF{E/ (Supplemental Reserve) (CxiEd 2%

PIM NYISO

® 30-Minute Spinning Reserve
® 30-Minute Non-Synchronized
Reserve(30-Minute NSR)

BA : —
BA : 30minR
5

2015 E-UFEND5.93% =

2014F E-UFEED6.27%

THE

79

Day-Ahead Scheduling Market#&U °

TE3RMELBICHILTE

® Total Operating Reserve (Total
10-Minuite ReservetTotal 30-
Minuite Reserve®&3t) HEREIB
BERN-1558D150%(CHHE T 2=
Uk

® 10-Minute Reserve (10-
Minuite SRE10-Minuite NSRO&
1) NERBEEEAN-1E62D100%
[CHEHHI3=U E

® 10-Minuite SRA'ROBEERAN-155
HD50%(CHHHIZ=U L

AIRCKEED100%%. BIETSZ
BUCEHE

o L. SHBECRELZITI BlOHE
SEHRIBHEE, U7 Lise
BUCHE

KE : FEIVF7TORBDERDGE ($81E)

IRE

TELREIR, HE
REFS

FERDOFEL

TEfRUIRZE
a0
EATIE

TUPEFZVE
SHEENHERD
{E#Har

SREED ORER
R

SREENHEIRIC
hh3EROID
N2l

o HA : BIFEIC, /I\FEBEE (WU T, FRHZEDA
WBHOWRERE BEFTEN115%)

e J5HA : 1HRILAE(E. CAISOICRUT, 7335 —migE&E
E7E0 OB RN RS

o KA : HUTAIL =TI DResource Adequacy (RA)
RequirementlCEDWT, LSE (/\TGhEEE) MRS
FEELIFHOBT =N ZHHE, REFEE.
CAISODE MHIC AMLEFE(Must Offer Obligation)
&Hh

® CAISO(Z. siE™i5%(Day Ahead Market) U7 ILAA L
miiB(Real Time Market)ZiBU T, DR

® R34 . CAISONRHREBICIEEED

o NEEFDMIL : SANMEBEE, UTINFALTISDHE
([CHETE. REMHIBALZEEUTILIA LThiE CHiE

o BHETUFOEIRZFAENBRL CEFIRTAE

® PIEDFAENFFNEENTHD. CAISOLNL THREHD

AREFFREINTLZN
XBERRETI R+ —BIROEINCHSTAEE N HELRDIRE(C
DVT(4&i

® |SERENGS :
® JXEERE TEIN

i
B

(e]V)
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RIS =R ST

o BREEECHUTTFRAOZEDIMIE DMERETZ
FRUTLRL

® ERCOTICXMUT, RIEMZZEL T, #HEAH (V>3-
P-ER) ZHERT DETS

® ERCOTI(. giE™M#3(Day Ahead Market)% iBUT. 5
BhHetR

o HIHMIZRZICAENRTENMIALILESE.
Supplemental Ancillary Service Market (SASM)%
BUTCENEEE

® #Ej75% | ERCOTH R RBFICIREES

o RERDIMIE : LEESASMTHRE. TN THERNE T2
(& RTEAZPLUT LA ATHiG TASE TholcBiR%E . FTE
DFHEE(Reliability Unit Commitment Procedure)(c
DT, FAEIRMIER/INCRBDLI(CHE

® ERCOT(IZEE ORI THD, TU7ZFIcWERHES
TR DILHR AT ELER T TLRL)

® FEDFAENNTEEIN OBV RIFEH LRI Z 7T
® [ZfZU. SASMEE TIENNGRIEY S48E (FF MR RTHD2%
2=

o XS TENR
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KE : FIV7TORBHERDTTE (F8E)

I e NYISO

FEREAR TR @ /\FEEHEEL. FlRHeSHAHEHEERET ® NYISOCHUT. 7> 3 -—TiZEEZEU TN ERAZENEERSE
=5 ® PIMICHLT, 7> 3U-ThiZEEZEL TN E R NIRRT b
FEIRDFER ® PIM(Z. FIH ™5 (Day-Ahead Market)eU7ILAAL-IN5>S @ NYISOIlZ. AIHM(Day-Ahead Market)&U7 L5941 LTiis
>/ig(Real-Time Balancing Market) &@LU T, A% (Real-Time Market)&iBU T, FAEEHEHER
TR
MERUARES e REES5iEL : PIMNZREICHAERED o FEF5i% | NYISONRFREFRICHREIED
1) RERBOME : RENMHBALEESUTINAIAL-NTOS IS RNEROME | RENHBBULSSEUT7IVIA LTS T, FEIR N
SERSE THE DER/INCRDES(CHE
TIU7EERVEGEA e BHETUFOERZAREHERL CERAATEE o BT OEFRZRAENERL CERARIAE
BHMFROLHE
&
SAENOWERIR o FREDHRHENFFEEINTHD. PIMLNLTHENOAEGTR @ Regulation : 20134FF2HARD1%,. 20144F(F2HARID3%
i EHENTLRL TRegulation B =(CHHUTARE
® LSERZENHBE ® LSEFXRENHS : ik
v Regulation:ZHhW\E%0EF 3 v Regulation: IR)LF—2Z X Gl H izt £ U7 I 51 AT g
v Synchronized Reserve Tierl : 2L TZIAL DS51E U MHTiAE X FRIZEHF
v Synchronized Reserve Tier2 : FKiZEDFALVRL v Operating reserves: U754 Lzt x g1 B iiize )7 )L45
1 LTS COFREFEEDE
SHEEDFERICH XBERETEUR KBRS TEIYN
H2E DL
OftHEH

HiPf) PIM Open Access Transmission Tariff (PIM, 2015)
PIM Manual 11:Energy & Ancillary Services Market Operations (PJM, 2015)
NYISO Manual 2 Ancillary Services Manual (NYISO, 2015)
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BITAWZT I
® CAISOICHIIZERTARES DIAMESHE T EEDiED

R IERODEZT

v ER&HEI500kWE E (755 —>3>(FCAISONZRHNIEATAE

ERE AR

(Regulation UP/DOWN)

BREN TR

(Spinning Reserve)

v CAISODEMSHIEICERIGL TEMEBAZIERM CEDE

v CAISOER# 10D UAICPIEDISE (Ramp Rate (MW/min)) (CELETE3IE

v REOLHZ603 L EEMEIRERIRRETHHIE (RIETIE TEALLLERDISS)
v BREOLHZ303 L BEMAIRERIRRETHSIE (U7 LTS TEILLEERDSS)

v EMSHSZRADBREMEN25%%BR 5L
(CAISO Tariff, Appendix K Part A)

v ER&HEI500kW E  (7FU5—23>(FCAISONZRHNIEETAE

v AN HIRIFEZOMOFIEICLD EIRERZECBREHChN DB EIMICIEE IS

u HNFHIEOZEM : ORIL-T5%. @R NF+0.036Hz, @NEHINERIZENS 1T THAEE
B EREHIEIREEOZRM | ORMEIREBN'59.92HZ T OIEE. SMRISREHND10%(CEIET L. QFKHE
REN59.92HZIA T DIFE. 1 THAREIBIL
v CAISON'SDFGEAERICIDLRTISE (BMEN) ZFinss
v CAISODASEBIEHNS10DMAICREL S (BHEH) [CREL. 300U EREHSN (BMEN) ZHEFFTEsiL

(CAISO Tariff Appendix K Part B)

IEBREN AR v EAEEFI500kWRL E (7515 -2 3> ([FCAISONERHN IS AT AR

(Non-Spinning v CAISONSDFEEIEDICHRILIIEILE (BREN) %FIATS

Reserve) B 212U, CAISOEDZESIT, 13 UAICH
v CAISODHEEBIERNSLI0D UARISKREL S (BRHEN) (CRIEL. 300U ERELD (BREN) ZHFTEdL
(CAISO Tariff Appendix K Part C)

TS99 25—k v ERHIIIMWEL E

(Black Start) v AREBNSOEBHEIEN R, BSEEEIUCAISORMRICREIATESE

v HNFHIEMSETHD . RRADEIR/FERHLEERNEIAE THhdIE

v BN ERRY—NPyTETRE(Start-Up Load)ZRBEL TV
X 24— NPy TEROFFRE(ZCAISONMERIRE

v RESCEMENOFAE (READEAN. RENSOIRIN) Z2iTXDIE
XAEINE D DFEERE S (FCAISOMERIISRE

(CAISO Tariff Appendix D XU K)

82
54



BRASH =R SR

HUTAILZTM : AR DIERERDEZX S

H”bﬁﬁﬁ@%z?’i (BRHBEARIFRECHITSCAISODEREA)

,/ ‘0 CAISO(FEHOFEZFAZITV. ENZMIZI MG OMRICINZ T, 6%0Contingency Reserve, Regulation. %
' BIOAERME TSI 3% (Load following, Flexible Capacity) iR I 3.

) IRTE. Load following, Flexible Capacity(ZSECDDH THHREINTULRN, CNA%EBIFTHIR I BTHiHRET%E
IRETH,
| ® RegulationDFHEBAN O THBEDL%ELSEIEME THEL TLA, KBS ANOBRILAICLIEEME TORE
(FBELEENT, IRTEE. RWINSREOTVDERTII BEDFEET—4. TR TR KEA - EAOOEHFRECEDE.
| I Bl [CCAISONATE U % B TRI ZM (CEREL TLD
® Contingency ReservellDW\TIE. 2 DOERRTHEIND,

OROBRZBT VTN (XBIROWIE) ZBE (CORERMCIOTERL THD. FLBR—D20T7 727 > NI ZIETE
2. RISFERABT 727> hD50%ZMNABBECHD)

QBFFEEBCTFARED 6% (FEXH. HIEHEHE 3%) 28T

| ® CAISOEHIACERRIOBEET LTV, ZD6%2%Contingency Reservel LT, 100%%1E 1S THET 3.
: SIE I BAEEFI(ESpinning&Non-spinningz¥ 4 3 DA T2, HH. FRILLEEL TContingency Reserveh' i@k
ToHNE, IRINF-ELTEV RETHNITENEA TS

® Contingency ReserveDF|AIEEAM (CEASCHIBREN TS, HIZ(E. KA - EAODEDZENTFCHTEELSI2ED
: (C(ZContingency Reserveld xR\

| ® Contingency ReserveDIERE(IOVTIE., BERKZ BFEBIGON, RKOBFIBRIMKTF I 2. KHIHZW

' British Hydro®d&572¢ZAT(E5%. NIFLDPGRE TIE7 Y%L DIABMENN TEZ, 6%I(FZDEZEOTRELD
DTHB. 22U, CD6%EVIEMBEIFSERBLUVWEEZI TV, EARN(CIEZERXEROLE. SRAITY MOBHR
RO T, BIETFHRVWEEZI TV

RIS =R ST

BUITAZTM - RABDEROZZTS

O HEE - KI5)¢ - MO OFRICEE 9 S5 BT

EETFRIDORFfE T

v BIH (Day-Ahead) : EX5|IHODO1HBIOFET10EEF =T, HHD2485/E 595 % F8l
Hour-Ahead Scheduling Process : EFEAED753FINS 1573 HE(C4E]1FH
Real-Time Pre-Dispatch : EEHE30~450Fi1(F150BE(CFH

Real-Time Dispatch : EFER15FRIISDHBECTF R (EHEHBIFHHEIL5DE(CHE])

ASRNIN

IEWARW N v 4= S =[O S il

v Day-Ahead : ER5|HO1HBIOF 11065 2T, HHD248E 0% FAl

v Hour-Ahead Scheduling Process : £F AN 1059 BIN5 153 HE(C4[E]FHI
v' Real-Time Pre-Dispatch : EFEHEND30~450FINS5 150 HS (T

v Real-Time Dispatch : EFFED10~ 15 BINS5DHE(ICFHI
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HUTAILZTM : AR DIEERDGE

® Resource Adequacy (RA) Requirement : #U)JAZ7 M/ &5FEHEEZE = (California Public Utility
Commission: CPUC)D“/J\»%%%(Load Service Entity: LSE)(CERIHHA NIRRT
v LSE(C. BHEEREND115%EHOMHIEHEFRZIRT (RESEBCSENEEZIND)
v LEEMEEDI0%%. BIFFCICHER. BlC, LEEHNEED100%%. BIAFTICHER
v LSE(3. Z2RILIT 5> MaERAR] - 2% CPUCICER S . CPUCIE. FEFEENCAISOICIRHUERESTEIELSE
MofEEEHRZEEUT, %Bﬁ%‘(;ﬁ&ﬁb‘cmégt’iﬁﬁ; R
v BEZNEEAICRESEEG. CAISOORIEMIZ/U7 VA ATBADAILEFE(Must Offer
Obllgatlon)
v 201505, FTEDRE H 7RI THER S B DFlexible Capacity FrameworkZz&A
® 7>33U—H—-ERT5E : CAISONEE
v BIE™5 | RESBEE(CALETR. CAISOFPIEAZEHMNEZND100%%Z71H MR THE
vV )ZAA LTS - BRI TRIENDIBA TR DNIARE T 35S, CAISOFUZIIA LThiszBU T, mE

SR
L . - == =H
BiE10A3 A1 10:00 1300 755m BEE BALE

U754 Lfiis
7o335U—-hiE
(13:00~EE
¥87557810)

fHiateR (FIA)
ZHERED100%

&

W) HIEAREMIGEFROOMKLEE (8414852013.11)
HFR) Resource Adequacy (CPUC) http://www.cpuc.ca.gov/PUC/energy/Procurement/RA/
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® Flexible Capacity Framework
v E  RADFTFRIEB LU T, A NOHDBIROERESZ/N\FTEBEERIOD. NUIANZTINAIRBESE
S5 MDecision 14-06-050THE
v HE . OABXRBOEAILKCHIYZATOTEBOEAR (ATR)  QRIBABIOHZEICLZEZHS I
BAONREBOEEOENE GAEEH DKL)
v Flexible Capacity® BBIF#IRE : 3BT (RARKIE) +N-1HHE2
v AERBZRICEBIVNEBEECESE (F8) X —MNBRARKENSZSDEE

CAISOIUVTDI>IZEE Flexible Capacity Framework®fir&E{t(F
27000
g S HEEHELTOEIR
25000 Resource Adequacy
— 23000 Requirement
g L (REEED115%)
® 21000 — i #926,000MW
3 r
2 1o000 - e ! Flexible Capacity
; i\ Requirement - .
Y/ e (3&%?&17/7’#@// R OBamiR
i ; [&RA&A1E] . : KA
15000 — T AT —r—— ¢ i
12345678 91011121314151617 18 19 20 21 22 23 24 K “\\___?9“7_2(_)9_'7_1?_992”_‘{\’ 2 -CHP (I>1%)
Hour of the Day B e .
===2012 =—2013 -——2014 =—2015 =——2016 =—2017
HiPT) Tracking Progress (CEC, 2015) PR =ZEHAATIFRER
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o RENERDINN
v FESEECE I IIU-U-EADFHEEREE T 5CDIBED, 2014F0—RFfdp DI FRES
1,702MW (RIEHTMIIHBN—-R) Tofc. 7> 3)—H-EXEUT. BN DEADNT> N FRH TS
v T7233U-8-EZJANE 698 AR (20145F551) . 2013FLDIENILIZDE. OIBKICEDKIIFEEDIR
WENFFEBOIEI. @A AMED LR (2013fEJ:|:17°/oiE) DIz THS. 0.3$/MWh (INFEEBSIHRED
0.6%1EE) (CHHZTID
v PGREVPSDGRELOIEEREMRSEOENSHE. BHOERET>SSU-—HGICALBIC, BEATD1-1)>
J93(Self-provided ancillary service), €DIZMINFERIED—EBCHEFHAEN. FEFRNSEIUNT S, Bt
BR7>>3)-H-ERA(F. CAISOIHALT>>IU-—H—-EAN10%ZEZ LHDIEEN TS
v FERC Order 755 (&0 T, EIREGAREE I (CMileagel VSBESNE A SN, NTA-X> R /BREEOEVT >
S -BEADSZIMIIE NS GREETN D LSRN, CAISOT> S IU-IXMDFZEIHM/NTHD
CAISO7>33U-Y—-ERFEE (—BRHIDFEIE) CAISO7>33YU—H—-EXTJX N
1000 - MHydro WGas @Other  Eimport 25 - - %05
4 =Re_gulation down ::iﬁiﬁ:ﬂ up -
. zzz : $20 - i Mileage s=gmeCost per MWh of load | $D.4_§_
E 700 g %
§ 500 - %$15- -su.sé
g :ZE : g $10 - + su.zg
(] : P Ea— PR ~ e FRr-a— 50 - $0.0
Regulatlondown R:gulatlonup h Spin - Non-spin N
HFT) 2014 Annual Report on Market Issues and Performance (CAISO, 2015)  HiFf) 2014 Annual Report on Market Issues and Performance (CAISO, 2015)
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o U
= =
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v BARHC, FMBAORUVEREGAZES (Regulation) Offitfgh'ezbE<. BigFm/(Spinning
Reserve)ZU CIEBEEIF1H /1 (Non-spinning Reserve) DIBECATAZAKEL T HHTULK
v BIHTIBT. BEBRT>II)-H-EXED100%%MET B, U7IVIM LG TOFREZIREEN THD.
BB U7 IAA ATz, HB (RO TREEZFIETIERNS. RIHTIBLDEERDIENZ L)
v HBEREBENREITIERELT. OBEHOTUR LR(CIDIFTEIE. QHHDCAISOBRRFTEER, @&
RIROARTFARECLBBHETITNSDFNE (BIA) AE. 73‘\"=3§Lf\5ﬂ_CL\5
CAISO7>>3Y—Y—E XFi B iz ts CAISO7>>3U—Y—-EXU7 VA4 L9 {iis
gl averaggf;icesgl;lrvﬂ sfdmRegulation down zi: _j Weighted average prices ($/MW) e Regulation down
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HUTAILZTM : AR DIEERDGE

(&%) FERC Order 755 (&2 EIEEHIEIOMigERETORIEL (Mileage)

® FERCOOrder 755(C&2T. 2011EFE10AMSEIKEHIFE (Regulation) H—ERICOWTIHHiEERETOREULNMTH
nr

SUECIO TUSEREDRVEEMO TS/ — U TERRAF—-LLRBOTLD
PJM. NYISO. CAISOTIZ. FiE#EEI/L™H (Frequency Regulation) (CEEMIATATOS AHTIHE

Order755TLA FM2DDAF—AMNENN

v’ Pay for MileageXF¥—L1 :
HIEFECBITZEE (MW) ODRZEIEZERE
TROFEROREDEETCHID

v Pay for PerformanceA¥—A :

T RO PIMDOISICKIBICAIIEN LRI 20]8E1EEH2
CAISOT (. 22(IREM

PJMOERE L E(ETIHAEDOHERS

FHOERBEOHGARIES(CHUTOREN PJM Monthly Average Regulation Prices ) -
77r_?>X®IEEE'|$ (%) %%Fg Effact of Pay for Perfarmancs FERG Drder 755) ainca Octaber 2012
- Price o Payfor Py for Performance -
Parformence  Implementzd =
100 W Milsaga Poymant
Eﬂﬂéﬂrzﬁﬂgxi\:—h’fx—‘) 80 Qct 2011 — Sep 2012 Oct 2012 —Jun 2014 W Performanae Payment
14,61/ MW-hr $48.71/MW-hr B Capakility Paymant
. Accuracy E a0
T l Old Payment
ur 40
Instructed
: - mileage E ' ' l |
Under-response = ks I | I
adjustment = . I I
0
5525!535335355!32535’352553;%!‘5
vt | @ Reguiation - Actusi Telemetry E i g 5
Signal Month ol

HiFf) CAISO. Pay for Performance Regulation(2015) HFR) GSS. Frequency Regulation(US)
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TFON : RBDHERDEZ TS
® ERCOTOEEFHEEN(ITL3TELE, Frequency ResponseDiRTE(FRR0\,
o VEFHEE(L. ERCOTRABENSANKREZZZELSIVV"RYNEE" (I3 RE=ZARET
v ROORKEEANEH. ROREEDSUERZEN O ISTINENHDIZEH
Regulation UP/DOWN

B8 Response Reserve Service Non-spinning Reserve Service
(Reg-UP/DOWN) (RRS) (NSRS)

BE. AGCICLH THEAIT, BB E AT  RHERSHEZORDICERCOTICIOTHE 18R 2ZF T30 UNICAIEL HICEBEL.

BIDIIRHENIHEBER

SNZEMR TR (RE-FEER)

FREH N Z 1R MR cE2EHA - 3F R
IR

BE RIREIR AR R T B D HINFEDTENSIR 18 REZI T30 UANDPFTENE I EHE S
HEN2AEHER (SRR, ZOEES/KER 1 BRI EHES
TEZHIHA R EER
EEM BAlA : SsecAN BYA : #seclA BAgA : SminlA
23 : 5minA F3E : 15sec k 23 : 30minA
5 1BFRAL T 1BFRALL e - 1ISRELLE
WEMESEETE  RYMEEOZEEIEOEHERE98.8%HNE N-2EHHAZ IR Y MNEEZEEIRDSHEERXE95%H%
DEZT (8,760hrm>5 1. 285R(FLFCHHE D NEZ D) CBEEREORREMENND70%EHE  EIFSAN-1EHIRLNIUE
1R o, RRSICEHDZFIHFIGEFEDE| (zI2U. Regulation UPTIhEROBE(E
BIFRA50%ET) $2EB%)
{ES Fast-Responding Regulation Service +  RRS[EEREGHEA DN 7Y T,

(FRRS) UP/DOWN

« Reg-UP/DOWN®OH Ttk
1secAAITIGE

- MHE=(F65MW(UP). 35MW(DOWN)

Hiai8i1BIF(Emergency Energy
Alert) DRSFBEIRL THFIA

« Equivalency RatiozE A L. {KIE4
NESEE(C, FIEREREEzFELD
EE<EHih

(%) ERCOTI(}. 7>>3)—8—-ERELT LD, Voltage Support Service (VSS). Black Start Service (BSS). Reliability Must Run (RMR) ServiceZARE
HF) ERCOT, Nodal Protocol Section 3, Methodology for Determining Minimum Ancillary Service Requirements
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THFYRM  AEDEEROZZT
o 7233U-H-ERIE. BIREEREY LR, FRBFHOY-LR BBFROY-LANEEND

® [EREGRAEEY —EX(Regulation Service)
RRERE O ZEALICH ST BIZHERCOTHS DI FIVCSH ARG TEBMEB RT3 73 3U-—ER
v ERCOTOEE. FAEANEIFEDL. 2% L2 EVREERVEIICHDREDFHEIZHIR TS
v BIEEERUZTAEE T (Regulation)D98.8/\—t>41)L. @E308({ERUIAEEHDI8.8/\ -t 41 )L iBEDLI N
HAEMETHREY)Drequirementz &
v BE30HBOVINHORREIICRegulationDFEE RN . 2% ZBUIIEE . TORIEIDEEZRN1.2%IE T D4L(C
BIIOMWZIZ AT S
v ERCOTIFRNREBDOR IS =ENMIfmA. RegulationlcMWZIENIHINE IS

o IEBE)Fm/HH—ERX(Non-Spin Service)
AT THD (RFRITIEFELTORL) MFEDE A0 UARICERR - LB TE2EIRED—3P2HEHIB3ETIR
HEnz3r7>230-49-EX
v ERCOTOFEE. £EFEIN95% T, IEBEN T/ + RegulationTRYMNEEF RIS -2\ -TE3EI0+3RIE
BEE RO DOFENDE
v E-IBEHEIREL,375MW, £EBE TEA2,000MWHHH#FENS
v ZEIY-SUNMPRWNEE. ERCOT(IIEBEEIFmACLDEIZE LT3

HiFT) ERCOT
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THYRM : SABDEROEZ R

® 2, 300MWOBEN P ' EiF £k RH CiEIN5

o BB T{ES) (Responsive Reserve) : sxf@ififEENRNADIBREICLIEREBREICTILTESD, I
NBEERCOTMXE R CEARBEIRMIRENCELIZE IR EBRKPLUANCEIRBROREZINF TS
CENTERASSA> (FRARITIRFGELTVD) BIRICKDIRHEEINS

o VAW R Vava
Non-5pin deployed to /
improve the reserves

(safety margin)

Responsive reserve
deployed to recover
frequency back to 60 Hz

Unit trip causes frequency to
go below 60 Hz (59.71 Hz)

HiPf) ERCOT Operating Reserves Workshop on Resource Adequacy and Shortage Pricing
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THEHM : AEDHEROTTE

o TIBANZXLILLZBERER : CAISOIVFZPLPIMINTOLIIC, BRBEE(CERICHEHIERERIFIERT
TELRRWV UTILIA LHTIBAS, 20144E(C8 A UfzOperating Reserve Demand Curve ZBUAMME X D= AICL
D, FTEDHHE N IFRIRTEREVNSIEZ S

o 7>33U—-Y—-ERME : ERCOTHEE

v BRI : aiEMB TRegulation (UP/DOWN). Frequency Response Service. Non-Spinning
ReserveZz iz

v BT 5 —3REMS (Supplemental Ancillary Service Market) : BIEMIEI0—- X%, SZALEROFR
SR ESBHECIDRARNDOREBNRIAEFNZIEE . SASMZRHWT, NEDZHE

v ZNTEARRE I 3% E (. BIETHPUT IV ATIE TARE CholcBIEZ . FiEDTFHiE (Reliability Unit
Commitment Procedure)(CfE> T, FEZEIAMER/INIRDLIFRIET S

IES #A =E BALR

PENIIEGES
(RFHR605
All)

HFR) FBEREEDRETROOMRKILE (B51%8512013.11)
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THFURMN : HBDHEROTTE

® ERCOT(FEKEZE60HZMAARDTHT>SIU-P—EX (A/S) ZRMHLTHD.
EREOESVRIFERICHDRARNEZBLTVS

v ERCOT®MSecurity Constrained Economic Dispatch (SCED) (&. 52 RIfR CREULEHEZFBBENICHEEIESL.
ROSDECFRANDIBELISADETIN THD. REBELRENZFLWSEORBIKREII60HZERD

AVAVAVAVAY

SYSTEM FREQUENCY
59 60 g4

A

AIS-%F, FHEMSECRAT, BMORAESN (ZEV-IY) ZHRL

LOAD RESOURCES|

62

v’ ERCOT(. Zf@EHIE. FE-EHFRES
TwWd

HiF) ERCOT, Operating Reserves Workshop on Resource Adequacy and Shortage Pricing
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THYAN : ARDEEROTTE
® Supplemental Ancillary Service Market (SASM)

v ERCOT(:»r AIAMISR T FREDT >3- —EANRELTOWSEHIT D355 . SASMZEL GENNKIZEH
EZ1TD (SASMIHU T, SIBEERH TAILZITD)
v E"FE(;J:&: BRRFEONFD T, FNEDRBNZRMETETLRL (ROTRERR) . L. EERICSASMZE
CTENRET B0, FRIFETHD2%IZE
v EESNMEIIERAEL. AIAHISTOREEBARORETIIEL RERCHERUGRESN (BR) M @FEHID
HHTHREREECRD. RRBMNRET S, FOlD
v REEOFHERET>SF)-BOVTHRTMWIZE

722N -Y-EXDFERBIRRL (20144F/BEFIHME) 723 ER B EDHRRE - FIE(20144F)

[ AMean Median
i 11 : sy P
oo Service Hours t M) (M7
2014
80% I I I I Respomsive Reserve 2000 46 20
I I I I Non-Spin Reserve T3 48 40
o TUp Regulation 686 40 20
Pon | I I I I Down Regulation 850 a4 15
i
Bsow - I I I I 2013
' I I I I Responsive Reserve 3138 4 20
gm _ Non-Spin Reserve 610 50 as
I I I I Up Rezulation 430 18 20
3% - I I I I Down Regulation 575 m 15
2012
i Fesponsive Reserve 3756 3 15
I I I I Non-5pin Reserve 64 36 8
™ WA/SS Normal [ No SASM - ASS Failed or Infeasible [ SASM - AJS Failed or Infeasible I']:F mm ;25‘2} :; i:
o T T T T T T T T T T & .
Jan  Feb Mar Apr  May Jun  Jul  Aug S-ep Oct  New Dec :m-l . 20
Annual Eesponsive Reserve 4053 a9 20
Non-5pin Reserve 1254 ] EL
HPr) 2014 State of the Market Report for the ERCOT Wholesale ;1:““%“’“‘“’_ :E; ;: i‘:
Electricity Markets (Independent Market Monitor for the ERCOT Regulation

Wholesale Market, 2015)
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THEYZM : AR
e ERCOTI. HIBT>35U- Ml TAB DT> 5\— LR EHE

o WEFLES(L. BEREGAEFHS (Regulation) H#I400MW(UP/DOWNENEN) . BiEFiES (Frequency
Response)h'#J2,800MW. 3EBEEIF{/ I (Non-spinning Reserve)H'#J1,400MW

o ELRMIC, B4 OELVEIREGA%ZEFE/ (Regulation) OMEHREEL. BighF{H/1 (Frequency
Response)ZU TIEEEN T/ (Non-spinning Reserve)DIB(CATIASKEE(E T A TLK

® FTEIKWhHOD7>23U-1ANF1.51$/MWh(20144F) . /NeEBHEMDEI3-4%

ERCOT7> 3-8 —-EAnEFESE (20144/ABTIE) ERCOT7>2 3-8 —ER M8 DHEFZ(20144F)

i70

DRegulation Down B Regulation Up B Nonspin Beserve B Responsive Reserve
B Responsive Reserve B Nonspin Reserve
 Regulation Lp I Regulation Down
=#=RT Electricity Price  =8=Di Electricity Price

460
450

$40

Annual Ancillary Prices. |
Regulation Lip 51488
Regulation Daown  $10.80

s20 Responsive Reserve 514,22 |
Manspin Reserve S 5.53

1 Ul

o B M M My Mn M Mg S D Mo Dec Jan  Feb Mar Apr May Jun  Jul  Aug Sep Oct Now Dec

HiF) 2014 State of the Market Report for the ERCOT Wholesale
Electricity Markets (Independent Market Monitor for the ERCOT
Wholesale Market, 2015)

430

Ancillary Service Price ($ per MWh)
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HUSA = REES 5

5 EE DR DRI

ERCOT(F. EHOFEBOE DK FTURINREETIMRCHERREN TR OS2HIR T 315, HhkERT
10~ 153 UARDIEEEI iR NOY -EXZ2BA LTS

RIEFABT(E. 733V —EZANECH BRI EEER D IS+ D RA T4 I RIBME T 2L 58 THHELE
ETINRETHIEMRIBENTWVS, 7233 - —EADORAI NV ERFSEERGENICRELZIT
LW\ 72330 -H—-EZMIS0EMH b EREIN TV

RIFEFEEREGESUTVRED, 2 TORMINAZR HTHISCSINTERLSEBmMEIN TS, ASIF
BEADBRHENEVETEFIE, IRIF BT, RORELRENSEND, FCRNDFEG. BIRET S
A E(down-regulation) DEKEEEHZEEENZ2BUTVWAILICBEINETHD
ERCOTIVZICRFBENFEEEN2ILAL TWBIESH, ERCOTIHERINEEINZT —Ha DU, HuE
(CFAL TR EBEGESN TWVD, FISEEIRE (G, ANREEENBFCHEENNSVGEDORK

RROERTHD, T, BHFREBOLNEEPOREE

O ICEMETHD

AOEELSHRFLERE T3 ST IZREN

Fle. EEZARYMOVWTKRENMSABRRREREZ DU, FRIEERBROREDERZHRINETHD.
HBEICIO TR 722U —EXADFRES FZ2NET 2N ENDD.

HPR) Utility Wind Integration Group
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(%) CAISOLERCOTOMIZEENDLLER

iz

CAISO

ERCOT

U751 Lthis

D7 )IVAA LTl (3B
BENTGOS ) I BIHD
EHEMHE. Security
Constrained Economic
Dispatch (SCED)T5%)
filf CEEHE, Mg DU7IL
A4 LRE(E157 FElbE.

D7 )VA4 LAz (3B
BrNT>2)SBIH0D
EHzAHE. Security
Constrained Economic
Dispatch (SCED)T5%)
b C3EhE, ffligDU7 Il
A4 LRE (1557 bR

73— -EROEE
Regulation Up & Regulation Down : 4#CEDESHIENCHELTEAMHIES (ERCOT) H51073 (CAISO) MUAICIEREE Y —EX, Xt

[EREROZEEIIGICERTS

=k

CAISORIAMIZFENS|H

O7HFICA-T>, /0-X

(FBTHIC10:00a.m. &R

($1:00p.m.[CHETREN B,
(IR HBAERS)

ERCOTHIHMIZ(EATH

6:00a.m.lcA—T>U. BB

10:00a.m.(C70—X, #E58R

($1:00p.m.(HBREN B,
(FRHBAERT)

7oo5Y-4-ER*

Regulation Up
Regulation Down
Spinning Reserve
Non-Spinning Reserve

pobd=

(Spinning ReservesihE = =
FBED5%ZIKAFEE TG+
BEO7%ZZOMOEIFETHI S
+IEEEN S OAHEERTE] S A
=0100%)

1. Regulation Up

2. Regulation Down

3. Responsive Reserve
4. Non-Spin Reserve

(B REREE (IH R
2300MW)

FEHY—-EX (Reserve Services) : BARNERIHET B2 DFHEE HRIRM

i#EFfE (Responsive (Spinning ) Reserves)
FEBEENFHS (Non-Spinning Reserves)

73 (CAISO)H53093 (ERCOT) OB —EX
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BERREMF
CAISOICL B FiRRDETE :

FARE=[(FHHRREAE + TV
> RUZIRY R + IR DI HEEE
NBEE]-1

AVITAILZT7MPUCIEFmER
15%%E3RL TS,

ERCOTICL 25T BINE w1
(Planning Reserve
Requirement)DEtE :

SHEIF @ (Planning Reserve
Margin)=[(B2&5t — (Firm
Peak Load)/Firm Peak Load

TFHAMPUCIERAK FARER
13.5%Z &KL TS,

: 10D REIDRAREREHEEY —E R A2 T ORBHRAEFERE)Y - RICLDIRHETS
P AV UREREN BRI —ARUATS O RERE (SRREEHRAI-E2F) ([CLDRMINS10
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PIMitE : SR DHERDZE RT3

B Regulation Primary Reserve Secondary Reserve
Synchronized Reserve Non-Synchronized Reserve

EE  EE RRERBEAEIIHIC. AGCILE IBREZITIOSNUACFREL SIS R TLOD IAICFRER SIS Day-Ahead Scheduling Market(c

BIERERITCSDUAICREENSR  FIERRELEER FEn]RERIFEHAEIR TATP—R—=XTHEREN., 30 LA
BER ([CIRMFENZHENER

TE RREREERAEIIDC AGCILE  1EREZITI0DUAICFRIEDE S
BRI SDUACHIFENT  HERCHEUEREHATEER
ENSIREENZABHER

B BAYA © — BAE © — BAgA : — BARA : —
B®A : 5min{A A 10minBA BA : 10min2{A BA : 30min2lA
5 — 5 — i — e —
VEFESEE e AJE-/IERT (0000 - ® Primary Reserve (Synchronized Reserve&Non-Synchronized 2015 E—-IFHEEN5.93%
EDEZS 0459) : TOHORIEFED ReserveD&st) (FREBERN-1BEHD150%(CHHL T 22 2014%F E-IFBED6.27%
0.7%tHHDE
o F—/BSRIE(0500 — 2359) : ©
OHEOE-IEEDO.7%HFHDE BFD22055AEME ® Primary ReserveihESE
® RegulationEBLHBEDED (L. @ Reliability First Corporation Synchronized Reserve/ &2
WMEEN+2%UAND15MWIEL (RFC) NEIRIEMES DET
RELRFNIEIRB R o RLBAELAN-1BED100%I(48 o HBEBIER>RV
o EEEROUHE=SEIRLEE L3%=
FAEHD25%LL T
& ® RegulationfiZICENNI B(C(E. ® TierltTie2M2FEEN®S e (fit&(dmarginal non- =
HEER. FEERLORIK ® Tierl(d. IRIF—HIHETEALLL synchronized reserve unit®
0.1MW®MRegulationEHWHE TERECED. BRCPIMDIEE BT HSBRCLOREIND
o FHELERFAGCHIERIAER/\F B3 HIHOITRICEO TV SHEEES
ZRADNENDD 035, 103 URICEENHI(CH S
® RegA: #—E>. IVI\1>REAJ)L BFFREERNTEZE0, Tier2
REFERELDER(C2FVE(TESN FEnist
2ES ® Tierl M E5EHCHTIEL. Tierld
® RegD: \yF—I51D1—)b. K HTHESEAETIRVGEIC
NREGEDRBVEIRIC2FEITXE Tier2z 5L DFEE
BN3ET

(%) PIMIE. 7>33)-H—-EXELT LSO, scheduling, system control and dispatch, reactive supply, energy imbalance, black start serviceZ#RiE

HFf) PJM Manual 11: Energy & Ancillary Services Market Operations (PJM, 2015)
State of the Market Report for PJM 2014 (PJM, 2015)
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PIMHBIE; : AR DHERDZZ TS

® PIMTI(L. 2f&EMRegulation>JFILHH3
v RegA: 4—E>. DDA RBA I REMERBOE RV E(LXSNZIES
v RegD: NyFU—0T5A 1= )b, KIOBELEDRBVWERIC2MWEILXSNZIES

® Performance ScoreldRegulation>J FILADIEEHDESZRIIBIZETHD. 0~1.00&FH %S, 10
MB(CEHIN. 1FECEDENREIND
v RegD&iR®DPerformance Scoreld. RegABRLDEFWMBEZ R I EREICHD. [EEEDEEERT .

® FERC Order(c&oT. RegulationDZIAA&RIE CHIFBMarginal Benefit FactordDfsE N EIBE.
Mileage RatiofBEAZN. [GEMHDE\RegDERDOZIMIMENZERTESNDLICHO

PIM Performance ScoretI{E 1A PIJM Marginal Benefit Factor&MileageDFIEHRE (2014)
(88 1-wh{7-Regulation>4F)L51T3)

100 7.000
mRagh | ———Marginal Benefit Factor
o Siaan Fagh) |=—tieage Ratio
"
% g
E — g 5000
&
g S
= &
= B &
} = 4000
: 5
- ]
g &
& o g 3000
k-1 @
]
5
E s 2 2000
2%
1000
it
0.000

081060 01470 [T 081050 095100
Performance Scone Range

HiFf) State of the Market Report for PJM 2014 (PJM, 2015)
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PIMitiE : SRHEEDHERDZE RT3

® PIM(Z. Synchronized Reserve and Regulation Optimizer modelZ BB\ T, #HHEETEZEIRLTHD. RFEANT
BEDTier 1EBREOTHNSEROBBFNREREZRFET S, Tier 1EJRNDH TSynchronized ReserveDuh BES %R
TERVEE. TIELDTier2ERNAEENS

® Tierl&EIRIC(E. Tier2EIRIC(E. fRI—E> . KDFEEPTIRIZRIINEEND
® 20144 (4. TierlBIRMDH TSynchronized ReserveDwBEDKEPDZFHELI

Mid-Atlantic Dominion subzonellHl1%
RTO SubzonelZ#\F3Primary Reserve® (MW) Primary Reservez (MW)

5,000

‘m uverags Non-Synchronized Ressrve MW 3500 o e R

. . -

. Average Tier 2 Synchronized Reserve MW werage HomSincronizes Resene

4500 . Average Tier 1 Synchronized Reserve Capabiliy MW —fverage Tier 2 8ymchronized Reserve MW
Symchvonized Resere Requbement W 3000 = uerage Tier 1 Synchrorized Reserve Capabilty MY
4,000 —— Primary Reserve Reourement MV Synchronized Reserve Requirement MW
e Primary Reserve Requirement MW
3,500 2,500
3,000
2,000

2,500

2000 1,500

1.500 1,000

1,000

500
500

0

Jan Feb Mar Apr May Jun Jul Aug Sep QOct Nov Dec

HiFf) State of the Market Report for PIM 2014 (PIM, 2015)
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PIMithis; : A DMHERDTTE

® Reliability Assurance Agreement (RAA) : PIMN\GEEEE (LSE) ((EHEHERESZET. PIM HT—
IWERAROBIEFRERZREL. & LSE (LTELSEFEMHUEX (1 +PIM HNEHIFiREK) 12FHREBLLTEIDHTS
v FRR#IE (Fixed Resource Requirement) : LSE (FESOMHENHEREF LG IHBEBRMEEHZ. OBCSHFEE. O
HEZFINITNHTEEFEL TEW
v RPMi5 (Reliability Pricing Model Auction) : FRHRMRRBIRABOHERS - IEZE I M I T IV 2RI 2I28(C. 2007
FICEASNForward OB EMH. BSH#E PHEMERS | THIENIL Sy MeBER TERVILSE (LD T, PIM BT —L2KT4
BURZB 2 —IEUCGREU LT BRNIGREUAHEHOxfZLSENSEINT B4 . SERICHIEBINA -3 a>hFfESN.
EETFAOE B ZIEEZ T, BIMOA—I2 3> % FE
o 7>335U—Y—-EAHE : PIMNEE
v ﬁTJE!;ﬁt% : BIATIS T}, RE-BEBEHEC 1B ODay Ahead LMPE ZHWT—RAIEHSREL. FIHTH TR ERFAES
ZEE
vV UTWAA LN TG - REBEE . siHMSE TEILENANEEREZBALATEE. PIME. FILEROARFALXRESLNE
[CEDAEDDAEBNRIAENZIBE . REDZFE. 5 HEBICEHENSReal Time LMP (CEDE, —HAEIFTEICERHROZELAIC
U TTIRAmENEAZNS
7¥) LMP : Locational Marginal Price

SEIER 34T FERF E) =] [z =] Z0]=] [z =]
5H 6H 0:00 12:00 16:00 18:00 EFEa BRELE

I\

FRR$UE >
INEBEECLZETREE

D7IAA L+
NS> i
7>335V—his

(16:00~
18:00)

14

HPR) SHRAETISEFRAOORKILE: (B44852013.11) . PIM Manual 11:Energy & Ancillary Services Market Operations (PJM, 2015)
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Z1-3-9M : SHBDEEROERTS

Total Operating Reserve (NERCD7EZ 93 Total Operating ReservedkDRegulationZi<)

Total 10-Minute Reserve Total 30-Minute Reserve
Regulation (NERCODEHK Y 3Contingency Reserve)

10-Minute Spinning 10-Minute Non- 30-Minute Spinning 30-Minute Non-
Reserve Synchronized Reserve Reserve Synchronized Reserve

E R B AGCIOTHEAT. k2 BREZUTIODUAICE  IBREZUTIONUAITE  BrERUTI0DURICFIE  Bre2H 309 UAIICRTE
= B RERSERAEIIEHCEE HACEERREARAER HAOCELETRERIERIAER — HACEERRERRIAEIR HD(CELERTRERIERIEAEIR
SNZHREBEBER
= RREIRE A AR TIEDCHD  BERERITIODMURICFAE  IERERWTI0ONLAICRRIE BRI CGC0RLARCIE  BRE=IF T30 URICFRE
= BHEOHEENSIRMENZFHEE OEIVHBR(GRETIEERE  OBSHES(CHENEELRIE OBIVHBS(CGRETRERE  OBHESCHEDTEERIE
HER HEEER FHEEER FEEER FEEEER
IGEEM BitA BitA : — Bt : — BAtA : — BbA : —
FE : B : 10minlA B : 10minlA B : 30minA &A : 30minA
FEE 5 FH FHE i

@Total Operating Reserveh'ERbiBEEAN-1BD150%(CAHHITDEL £
WETE o VWESIBABIBICRE  @Total 10-Minute Reserve N'RHBESAN-13E#D100%

EBEOE N3 (AT BRI o
A7 OBEBEEAN-1BHD50% ORI
2 [=] - 0 3 1
(ESTHEL OOOEELT R
253 ® IRIF-IRIAVNIZTA
BB (6B RIS
na,

(&%) NYISOlE. 7> 3U—H—-ERELT LD, Annual Budget Charge and Other Non-Budget Charges and Payments, Voltage Support Services, Energy
Imbalance Services, Black Start Capability Services Z#RE
HiP) NYISO Manual 2 Ancillary Services Manual
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Z31—3-U : SABDEROTTE

® Capacity Obligation:/)\55E%% (LSE) (&, —EOMHEHZMRIDEFEZE>THD. & LSE (FABXE2H91 ICAP MiimziEL T,
NBOEIE I EMEIR T D, NYISONVNGEEEE (LSE) (HENERETRZET . NYISON SV 2ADBEIE FARRZREL. &
LSE [CTE-IBRFOFEFRIX (1 +PIM NEDHZFHE) J%EMinimum ICAP(Installed Capacity )EUTEINH T, Fe.
[Minimum ICAPx & METEIME LK |2 L SENHER T AREMinimum UCAP(Unforced Capacity)¢d3

v ICAPM#5 (Installed Capacity Market) :&LSENE 4 iREN2BMinimum UCAPZEIZI1zh. Unforced CapacityZziHiEd 3
. NYISONEERDRAIOBFILNIFI1TOA -3 %RET D, (Fv/ (ST HBRIA—Y2>a> . BIRA-I23>, ARy hA—I23
>) SHIINEBHISNTOVBDEFARY NTEDH

® 735U—Y—EASE : NYISOWEE

v gIE™E : fIETIS TR ERAREHZHREE
v U7WVAA LT - BIRTSI0-X%, REBSBEEQ. EEGEFAKR75DRIFTEROALAFIEE, NYISOE, SBAILEROAF®
EEBRECLAENOARBNRATFNDGE . FEDZEIX M EBRIMCRDLS(CRIE

o= =R = n
S@A3008 A 0:00 5.00  11:00 RIS wmee  moym

7 )54 Lfiis

7>335V—-hiz
(11:00~EFE
755381)

e

HFT) THSRABETIBETROOWCKILE (B54EH2013.11)
NYISO Manual 2 Ancillary Services Manual (NYISO, 2015)
NYISO Manual 4 Installed Capacity Manual (NYISO, 2015)
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Reserve Price (S/MWh)

Z1—3-UM : SABDHEROTTE

$20

S18

516

S14

512

S10

58

56

54

52

S0

HiPT) 2014 State of the Market Report for the New York ISO Markets (NYISO, 2015)

NYISO7> 3 —Y—ERFT B iimF I
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20144 00perating reserveDFIIIE(E. IRIVF—FEO TRV, BIFECHERLTET FEUR

2014 DRegulationDFIMAR(L. BIELE27%IBIN, SE1VOHRAC, RAHTADMEEMEIIIF-FEOFTEON
BERORIENERERELTETANS

AENDOAZEE. 20134, 20145FLB(C, RegulationD AR BN EwREZ W\, 201 3FF2HARID 1%, 20145 (F2HARED
3%DEARI TRegulationh* R BUTE

20134, 20144FLH. AR HNREUIIEDAverage Shadow Price(ZdDemand CurvelSEVVKETHD, U751
LTSEA& ERAZE D ORNEZHBOAIEME(C IR TULTZ

SN BEFDOUT VA LTt

Product

2013

Average Ancillary Service Prices

2014

== West 10-Min Non-Spin

West 10-Min Non-Spin ~ SLO4  50.90 EEmWest 10-Min Spin
West 10-Min Spin $479  $4.50 . .
East 10-Min Non-Spin 5422 S4.14 EmEast 10-Min Non-Spin
East 10-Min Spin $8.57 8832 EmEast 10-Min Spin

East 30-Min $0.48  $0.43

Regul s10.11  S12.87 —+—Regulation

Frequency of Shortage

h)

Average Shadow Price
During Shortages

Sep
Oct

Nov

2. REARTEOMFE IR

Regulation Price (S/MW

@
I~

3,500
3,000
2,500
2,000
L500
Looo
500

0

Numberof RT Intervals

m2013

m2014

Average Contribution to Energy Price

2013 2014

|Requirement:

ShadowPrice/ Demand Curve Value ($/MWh)

Dec

Reserve / Regulation Requirement

30-Min NYCA $0.01 S0.02
10-Min NYCA $0.13 S0.18
10-Spin NYCA S0.11 S0.30
10-Min East  SLO4 $0.77
|Regulation (+) S1.53 S3.44
Regulation (-} _50.07 -50.09)

n [Affected Region:

West NY $1.72 $3.86
East NY $1.76 S4.63
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2.1 BRI
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BRM : ENTSO-E(CH B EFEEFHImDE 25

® [FXNTSO (ENTSO-E) (& BEREVTHS—2MINEAREZEBICREEO TS (Scenario Outlook &
Adequacy Forecast (SO&AF. S HARBEETTHS—RiEL) )
® [ETUIC2012FN52025FCHI TOESE - BREDHISHBLMHEFRENREINTVS

o AHENDORBUE. AFRAADMBIGEESNTHD. O1ASIKIER 11K, @1A%E3KEH 198, @7A%3/KER
11B¥

EECEHATRSE - IHRHRESE - IATTRESE - IEELRESE i
- SIEVMBLRESE - SATA-Y-EXFHA i

v IEMBFEES=Z (Net Generating Capacity) : BRES=HNSFTNEIEELPFIANENERZELSIVCHKRESE
v FIBATGREESE (Non-Usable Capacity) : UTOL&SREHHIRZIETE
> FHESEECLZBRRHBCEDIHHFIR (REREOEIRSE)

> BRNTRV—RNREASIR (XEFIFICEIHENHIRSE)
> BRRIERCEDKE IR GBI YA B TREHTIRTHREEBERFE COL IR . NHREERFECORPEDZDRIE, MElmEDEL)
> LRIRIF-FIFARIERMECE DR (HHEHMELL TEHSNBVBARIREIRIF-RERE
> REHIRICEDHAHIR
> ZOMEAFIE CEE. AATORDOEKHIRICEDIOKDFEERMBOL IR, TRIEHIFICE DL AHIR. SMEPURICE I AHIR)

v FHEFLERERESE (Maintenance and Overhauls) : EHIFREREPLRTODICGTEIEN TV FIFARIEETRVRESE

v FHESMEIERESE (Outages) : BHCIHOTHATERVRESS

4 *‘/7\7_'L\-‘)J—EZ¥{F|§73 (System Service Reserve) : FCR (F5A<U—. th>4HU—) 0N (1EBLUAORREZEICHL
oY =5310)

v {EFTE3FIANIEEEE (Reliable Available Capacity) : EEEOTICEDK
#5757 (RAC) —-BAHRE (Peak Load)

| AR =

: ERBRBESE (NGO) :

L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o — — — — — — — — — — — — — — — — — — — — — — — — — — — ——_—— o ———— 1
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BRI : ENTSO-ECHII HEFEFHMDE X 75
o HHETMHA (RC) EFFNI—-UTPLUR-I—=I> (ARM) OLLERICE S THHUATI DREIENEHIT

v ##8FE7H (Remaining Capacity) : {EfECZ2FIAHAIEERE (RAC) MSEmARERS|VHETHA
v FPTFHhY—-UIFLOR-¥—I> (Adequacy Reference Margin) : RAREREUCENENZIHEFHEEKRFEESE (NGC)
D5%ICHBHITZFROEEITURY -

ENTSO-E(C& 3 REMEHEHMORER

<FHIEiE#E : Remaining Capacity = Adequacy Reference Margin>

System Service
Reserve

Non-Usable
Capacit

Net Generating
Capacity (NGC)

Reliable Available

Capacity (RAC)

Adequacy Reference Margin

109 HFT) ENTSO-E, Long Term Reliability Assessment
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BRM : ENTSO-E(CH B EFEEFHImDE 25

<frafloBE>

o NGC (EFEIRETRMEICE > TEGEN (CHIGTIEERERXED . /KDPENDOBEIREL (SEERKPLREORFOL
SC—RIXNF—ERARICEATEIRE THD. FEDONGCOSI5ERICHIHEFRIFOERBISICEU TR
ns

o HEMDARMI(FSC (Spare Capacity)(CMAPL (Margin Against Peak Load)ZhNXzbM. #828E (thig Oy
ENTSO-E£1%) DARM(E. ZEDAEFRMEREZEREL. ZEDMAPLICEEEOSCZINZ TE

o FIFEHFETSORED2>FUA (Conservative Scenario A & Best Estimate Scenario B) (CTEHih
o SHUAALBIIEEARRCLAEIE OB N D, S FUABIIIREL AL HNE LE N T

<HZEHIDETE>

o ENRFEOTTHI—IEEIREBOZBE (I IZEIRNDOBLIBL. BRETVTHS—LIXETTHY—OsHENITHN TS

o Load FREBELAICHVTORELERRICIERINLIRNTOBHEE (IB/KEHEMRC) OIS, BEFROPINE
FFET EUROVNY, XEBIEKR(FET £

o FHICHIHOTIHBERDRIZEMAZIETL. FlTeY - ZiFN - BUANRRE (GFCAOMR., ZBBEKRE. IR+ -3
(CBITZiEER) RERENET S, DSM (Demand Side Management)(C&3E— VD EEBHIREEE I 5. TSONS
DOFAZEETLTLIN, BEREZFIRLEVEBON2EHMETFHI (highest expected load growth forecast
by TSOs) ##F
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XXM : ENTSO-E(CEIFDEREEFHEDZE X 75

<FHIDZZ 75>

o FEEREBOERFTHY—FHMIERCICLOTITI. RCHETHNIEEMNRFEESTENHITEAERL. RCHETHNIEH
EFENRNBULTVWBLEREKT D (BEXREHMIZEL TLSH, STHEMEEDLEERI(ZL TLVRLERK)

o ZEINRBRER7THS—FMIRCEARMDLLERICLOTITS
v RCZARM : ZEMIAICEAUTRIEN RV, B HEIEE
v RCSARM : B A LS ZEERAR

<{Hia{EREEEHm>
o TEHHATBERDURINI%LERBLIC, IRNE99%DEMEERIIIBLIM (SC)YEMETSELL. TURSAF
(CBURCRIT Y BLoad, BLPANFKEMBIL LK, BRALCRIGT 379 LEE EERBUSCZ RIELS

o |EEOEECEDVWTEEDTSONEIIRFOIFHICIEU TSCZRIEEHOLECS. SCIINGCD5~10%IZE THhol.
ENTSO-E2IRHTIENGCD5%LEFEL TS

® 2014FFTEFEHRNTDRICLDHIEEITOTEN, E-VRFEINZEENCLD. 20158£02016-2020-2025F8(CAZ
EDDHEATOI

o TURDZEBNIDOVTI(E, 14FEFEDE(R (climatic years) (L&D (DFEN8760hx 14/)V5—>THEET)

111

RIS =R ST

BRI : ENTSO-E(CHIFBEREFHmOZE 275

o FTRMFICEIE. NGC (Net Generating Capacity) (F&EINT250DND. UC (Unavailable Capacity) hEHIT 3.
COERFBIREROMEED (KWAHiE) MRV THD, BIROEINCHEVWUCHIEILTWVS

o ARlICHdE. BEEHTUCHEINI NN U T OERACLS,

v AITFIREA-N=IR—ILHEF TS
v KBAOEFR FIRROSEVERRCH AROEVZEAD £ 7ROUIE COFHEICE D)
v RHOIFIAF4A~10BEBVLANLTREELTVS
v 9HOXBN RN E—?(C%D"(?‘Fllﬁﬁﬂ'ﬁ‘éﬁé (non-usable capacity)
v SRTLAY-EXFBHUFELANIGEE—
GwW
1400 [&wW]
2400 — e
1200 2200
’ =—MNon-usable of wind Non-usable of solar PV
Loo0 2000 = MNon-usable excl. wind / solar PV =—=Maintenance & overhauls
180.0 — . —
=System service reserves =—utages
800 160.0
140.0
600
120.0
400 1000 —
80.0
200 60.0 ; :
40.0
0
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 20.0
00 T T T T T T T T T T T 1
® Reliable Available Capacity W Unavailable Capacity Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 3.6 3-ENTS0-E forecast of UC elements, Scenario B, year 2025
Figure 3.6 1-ENTS0-E RAC and UC forecast (RAC + UC = NGC); Scenario B; January 7 p.m. [GIW]

112 HiFf) ENTSO-E Scenario Outlook & Adequacy Forecast
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RRM| : ENTSO-E(CH I BEFEEFHImDZE 275

o ERRMIFICE I ERERRUBIREAEU T oS0

o KRBT (residual load) D3ZaL—33VICBRUTIE. LEEAIBE (extreme) RTURERGZIETEL. ZOBROI S
%ESTE. BEF—TEDERERDAZ (flat daily load shape) #IEELTIRIEL TS

o
100% -

e -

s

T
= RES i g B Mot attributable
o Fossil fuels W RES hydro
= Nuclear sox i

B Biomass

¥ Non-RES hydra

0% Salar
® Not Cearly Identifiable o

- B Wind

0% -

0% <

s

o ¢
|a Als A|s

W16 2020 025
Figure 3.2 2-ENTS0-E total NGC breakdown in 2016, 2020 and 2023, all scenarios; January 7 p.m.

[absolute partial values in GW] Figure 3.5.2-ENTSO-E RES generation capacity breakdown; all scenarios; January 7 p.m. [absolute
pariial values in GIV]

HiP) ENTSO-E Scenario Outlook & Adequacy Forecast
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BRM : ENTSO-E(CH B EFEEFHImDE 25

o AFUZXDHEBIUTDESD
v Scenario BIXFROIRIF—>FYUALLTNational Grid TERESNZ20145EDGone Green ScenariolZ& DK
v LIPLOZARA S MNE-TERIR Y MORI T, ZEIMDOB (Scenario ALScenario B) TEANIDADRELAIEZRT

GW Great Britain [GB] GW
Lowest level of adequacy power balance among reference point (19:00) and peak time
10.0 10,0
8.0 8.0
6.0 6.0
4.0 4.0
2.0 2.0
0.0 0.0
=2.0 =0
1.0 =4.0
6.0 =60
-B.0 -8.0
-10.0 -10.0
-12.0 -12.00
=14.0 =14.0
=16.0 =16.0
5822353353288 822553353:88¢8325853333%28
2016 2020 2025
Mimportable capacity for adequacy - sc. B = Importable capacity for adeguacy - sc. A
Exportable capacity for adeguacy - sc. B Exportable capacity for adequacy - sc. &
O Rermaining Capacity |reference point) minus Spare Capacity - sc. & B Remaining Capacity [peak time) minus Adeguacy Reference Margin - sc. A
O Remaining Capacity (reference point) minus Spare Capacity - sc. B B Remaining Capacity [peak time) minus Adeguacy Reference Margin - sc. B
HFf) ENTSO-E Scenario Outlook & Adequacy Forecast
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[E : National GridlcB\F3=EFEE 1

<MHIEETEFOEE>

o (FURIHIIZEBHMHIAETEIZ (L. British Electricity Trading and Transmission Arrangements(BETTA)D#R
ElCED, REXRERM QL7152 R%ZBR) DOTSOTHSNational Grid Electricity Transmission (National
Grid) #hRE

® TiEUFEAG/\TACDWWTIENational Grid(d. KE THREIZIBH I 3 THIFRAZITOTLDDITIERL, E5(C[E
HNREIFHE/N\ S ADHFFOEEZE 2 TVBNDII TFERL

<HEIEETBIS LG HFHmOFE>
o [FEEOFEHE/NFRIEARN(Cplant marginZBAWTIRES. plant marginlZL FOR TEREREIND. fhEEIEL plant
marginzigReL TV BDEFNDHDPT S8

plant margin = BROFBE=E — FERAED
o B, TNTNHHREL TEATDESD
v FRAKEN : ACS (average cold spell : IR BRESER) TOFERAEN (R=CHRE)
v a7  SRIEBENGET. REUERERLE. @R, BRED. BRELO4 XD(CHEE
v ERER s BARMICISVR, AT DERBOT S EEEUE L
o [ANFEEOKWAMEC DWTIFA T OESDTEH
v ERK : AAORE(OVTEEAN ICRBESETHE
v RERRAT MRS TRAOFEEOETE=2ERKUETE
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m[E : National Grid(CHFB=EFEE Sl

® Future Energy Scenarios (FES)DBIFEL T LT D4DDSFH)ACEVWT D2 I D ETREBESZETE

® DECC®HDDM (Department of Energy & Climate Change. Dynamic Dispatch Model)®7 )Lz {EF
v BEMSNOREEZFESS FTUATEEINTVRKETIEZISN TS
v DDMEBEEMIHEOEMFDEDcapacityzstELUTHD. 3RRHIDOLOLE SHEERERmII LINE
® LOLE=3h/yrllDW\T(E ERFEDRZICEDIVTSD. 2010F 11 BICREUCKRIEMENDIRENZCEEBFEUTLOLER
STE. CNIERIINREET —HICEDEZ Y THAELR—NTEIHT
o ENFEFESTMER (Z2A/ RTINS HH/IBER/E— MR T/EV) ZXIRICEDFIRI (T Z/mEZ/20fM) THOH
® DSR (Demand Side Response) £2014-2015FNEETHD1IGWEERAL TLS, 2018-20190X(C(FDSR
HBENSEMBCBVTHRINTLIDOTENUFOEEEMRMHENZEABTE . DSROKH(FEZE - EBRHBERLD

E
&0 Figure 5: Future Energy Scenarios Matrix

More
Prosperous
Consumer Gone Green
Power
Less No Slow
prosperous Progression Progression

Less ambitin| CTeen Ambifion  |pore ambition

X : DSR(ZElement Energy Study(CEDWTHEET
HiFf) National Grid, EMR Electricity Capacity Report, June 1, 2015 4. Scenarios & Sensitivities
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=[E : National GridlCH I BSTEE ST

® National GridDFuture Energy Scenarios (IRILF—FKSFUA, FES)EHIZOEELRD
ER EEEBITORRZVAVAZEX LS FIATHS

Consumer Power

Economic — modersis sconomic growth - e

sy erippyantceamcen - [ oy car v BIFUAR R BEREY, BER.
Technological — high innovation focused on markst Technological ] . -

:Jr::ni.m mmgmgﬁmmq e ?i?’ﬁ]ﬂ"]@giﬁﬁ'fbét}tb\é

Social — consumeriam and quality of life dives behaviour

and desire for ‘going grear, Not & CoNECOUS dedisian

Environmental —long-sem LK carbon and
renawahies ambifion becomes Mo rakaed

v BEEHL FEREZBNICTTERD

. . _ . v SFUAETEP RO AT LERD
SO With as 35 The prefemed choics for generation 21 03 ToCUE
owriowcarton S BRELUUERTD

‘Social — society is COSt CONECoUs and focused
‘on the hers and now butt choices ans limited
Environmental —naw

HiFT) DNV-GL

17

HUSH =R G A5

Z[F : National Grid(CHBITDEFEE T

REDFHENEOEECREVER T IIRAT IS -

. EOEHEEREEZAE — LOLE 30ME
HANGE v National Grid: OfgemD D e IR E%FEH

. BAEREOOBETIBTHEE

o SRR T CORSBHEFT

o TIBPEEMREEIRES ZE IR
Ofwm «  National GridDEZ45—
o AEY-EXBADE
National GridNREE H%ZRIET D EZHEER
P OFFITEIANDEZS—

FMEDACEMHEO R E 2 EIR - RIF I DET
o SRATLOFHRIMT
BETECERRMME (10+EM55 - MO-X%ET) 0D
Vo35 -ERBDDHBESORE
ST LAY —-C20HE
ARG -CADOZNER (FHEHEY LX)
L Reserve SO/ M INDIGE

nationalgrid
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RE  FEMBCHE TR

® LEFTI(E"The Electricity Capacity Regulations 2014 (L{F. Regulation) (&0, SEMRITR D DHZMEIETF
RN TESNBICLSCRIfz. BEEFLL T OEHD
<tE>
o SFEE¥ (Regulation 65%)
v EEEEEIMUTOLITEE
"The reliability standard is 3 hours of expected loss of load per capacity year.”
o B=MBICHIIZVE=DETE (Regulation 75%)
v 84, Delivery Body (National GridMETE) hEREEEZRIZINEN. electricity capacity reportz XE(C#kes (Regulation 72%)
v ZOUR-KT. BEA-ISC THRIEINEEEN recommendation”%3ER
o B[EA-VICNEMATE (Regulation 105%)
KENENEZRTE. TOFE. capacity reportDifRELRRZFEELIIHEFFHANBE (Regulation 125%)
TO’. A=D33NEMESHUEALENRE
FHaEI8RF(C(E. Capacity Market Warningh"&aan. B2 TEILSNCBEBIREEEHD
ZNIZED T, capacity report TReN MG FES IHBEHOB=(FERIND

AN N N

Figure 2: Comparison to 2018/19 recommended capacity to procure

B0
50 |18t pear aGW 40 " 5.5 Tetal
valume remBIning 5.5GW hes 55 56w welume
required| fa 2 contract rmaining required
40 1z T-1 aution far mare from 2018/19 S53,46W)|
capacity or apted out than ome remowed
GW 30 ::U_u" ywar fr:'n 2019/20
- 53.3 wolufre
49.3
438
20
10
]
201819 2018118 201819 2010030
wCapatity o procure #T-4  T-1 0201819 1year  © 2018M9 = 1 year

HiFfT) electricity capacity report 2015 National Grid
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o EHEEEIIXINF— TUREZEKE (Ministry of Energy and Climate Change) h4i&iR

v BIRENZLOLEFEZELLTUA T ORTEIEZEZIASNTLD

> BEoOmETEAENTLS

> BECHIDZINNVETIRT—AICHIF2EEDHEITHD

> De-rated marginlCfE5F19E%ZTEHD I GEIEDHDIE B ELEIRDIENIL TV HIHZICLE) THD
o SHEREQ. FHMBE2CHNDIANBNCLHOTEEERME T IBLCLDERNSEIDHT

Figure 2: llustrative optimal level of secunty of supply

M Incremental cosfof

providing capacily
o insure against
blackouts

Incremental costof
blackouts

Cost (E4W

| > Energy
Optimal Level of -
OptimalLe Securnty

Increasing level of capacity./ Decreasing level of Unserved Energy/

HiFf) DECC Reliability Standard Methodology
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® 8. TFIVT(OEEBEZRTEIBIODIC. BUTFIARZ BRAT 3> ZA&ET UL

v LOLE : Loss of Load Expectation — FRIDORREIENTERT, REATRILIGS. HistFHICHEE(CILT
HHENANE I 2IFBIHAFE

v De-rated Margin : E—JFEIFCHIREIFKEREEMN
v BETOSERTIEEY | KEBTENREL. HEENOHIEZETEN(OERTI 2K,

BfJTRY
v EUE : Expected Unserved Energy : BERAERICGERLT. ENFBE(CHUTHIETIIENTERL
EFBEINZFROIRIF—=
v EFC of Wind (Equivalent Firm Capacity)

n&E(C1EEND

: de-rated¥—> V(SRR DFIETEE . AT A
DORNFEEZRB I BHICNERFirm Capacity (ERMELRIEE) O=THD. LOLETHIZMHIGEFEEE
BZEoLAN)L
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RE : FEMHLHIE TR

o SFEEREIEER/\GA-F2DONMEHTS

v HTREAOIAb
v BREEKOEFIRR
FERE TN THELIS

RS AOIAb

BREERKROEFER

® CONEfE (Cost of New Entry) &VoLL(Value of Lost load) fEQ&EFE%{FE>TEFEEREEOPRELZELH IS

Cost of New Entry (£/kW)
Equilibrium
Reliability
Standard  in LOwW CENTRAL HIGH
LOLE (hrsfyr)
£31.89 £47.18 £66.21
35490 | 090 133 1.87
= 16,940 | 1.88 2.78 3.91
a=
2 g 10,290 | 3.10 459 6.43
>4
HiF) DNV-GL
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1®D, National GridtttReserveOMEBESEH ORF(C{EH

Generation Type Base High
Availability
CCGT Pre 2018 7% 29%
CCGT 201813 88% 90%
CCGT 2019120 £9% 91%
CCGT 2020121 90% 92%
CCGT post 2021 90% 92%
Coal 85% 28%
Nuclear (Existing) 82% 89%
Nuclear (New) 0% 30%
ACT Advanced 89% 88%
ACT CHP 8% 88%
ACT Standard 88% 28%
AD 83% 88% %Eﬁ BIJ
AD CHFP 88% 28%
0% oD% e
Biomass CHP 88% 28% {Eﬁ__l- F.lbﬁi
Biomass 88% 28%
Conversion de-rateX
Coal CCS 88% 88%
CHP {large scale) As CCGT As CCGT
Dedicated Biomass 85% 28%
EfW 88% 88%
EfW CHP 88% 28%
Gas CCS 89% 91%
Gas Turbine 5% 95%
88% 28%

CHF 89% 88%
Hydro 85% 85%
Landfill £88% 28%
0CGT 05% 25% 95%
oil 85% 85% 85%
Fumped storage 7% 9T 9T
Sewage Gas. 85% 28% 28%
Solar PV 0% 0% 0%
Tidal 22% 22% 22%
Wave 22% 22% 22%

BRASH =R SR

BHIBHICERALL. EREEETE0de-rateZR (kWIHME) (ETFECD

HName for technology Plant Types Included De-rating De-rating
class factor factor
(2014) {2015}

Qil-fired steam Conventional steam generators using | 82.10% B4 61%
generators fuel oil
OCGT and Gas turbines running in open cycle | 93.61% 94 54%
reciprocating engines fired mode
(non-autogeneration) Reciprocating engines not used for

autogeneration
MNuclear Muclear plants generating electricity 51.39% 82.31%
Hydro Generating Units driven by water, | 83.61% 84 87%

other than such units:

driven by tidal flows, waves, ocean

cumrents or geothermal sources; or

which form part of a Storage Facility
Storage Conversion of imported electricity into | 97.38% 96.63%

a form of energy which can be stored,

the stering of energy which has been

converted and the re-conversion of the

stored energy into electrical energy.

Includes hydro Generating Units which

form part of a Storage Facility (pumped

storage hydro stations).
CCGT Combined Cycle Gas Turbine plants 55.00% 59.00%
CHP and Combined Heat and Power plants | 90.00% 90.00%
autogeneration * (large and small-scale)

Autogeneration — including

reciprocating engines burmning oil or

gas
Coalbiomass/energy Conventional steam generators using | 87.64% BT.86%
from waste coal or biomass or waste
DSR 89.70% B6.80%
* De-rating factors of these technologies were provided by DECC
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Figure 18: Wind load factor at times of daily peak demand 14000
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HPR) : Ofgem Capacity Assessment 2013
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® National GridTIZFTOGA (Transmission Outage and Generator Availability, JXEB{E1EEER
OJREFE) CTIEATIRERBI I 2K

v REFEEE(ICUSC (Connection and Use of System Code) &Grid CodelfiEL), B,
National Grid#tICETEHEIET —5ZiRtT

v TOGAZ AT LATINTDIBERITZNFH

v F—4(ENational GridD:EREAEEHDETE T

v' National Gridl@FEIUZAFAT. XEDEIEENF

o TiZFOEEMZERDILYD. REBEESTEIMEILT —S2TiBIC AR IEHE
v EUDOREMIT(Regulation on Market Integrity and Transparency, miiz0EE e ERR M ICRES
IR (C&o T REFBEBEMIGCREZ R EIREFE - EAFTENSDIRLE IR TR
v mitzENational GridDmEISICED T, COIRIRIIFEE L N EXEZILIET DHICHRTHD

Copyright (C) Mitsubishi Research Institute, Inc. 125
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® 2014F(CHELULBEEMIHICIIIEE (2018/19055) DFERIFLATOLESD

® DSR (Demand Side Response) DEELZIHTI TSN 1%EKE, BIFN6EIEE. Fik-UTL —
ATIEREEEEN GO

4 TRIDFIEIRS BIFAER DFREIRS

HiFT) "Final Auction Results" National grid T-4 Capacity Market Auction 2014

Copyright (C) Mitsubishi Research Institute, Inc. 126
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o EEB=F+HUULICHD. Hulgdh SRFII(C(E, MBS HDRRESSLHRL LD

® 1990 FERICADHFEUHIBZBMMESNFTLVREFINADIEKENRAD U, IRFATEH2D U EOFE
BEZFREFLTVS

® RAVIDIENT7TO—-FZELTUVD, REZRMOT7TH>—(CRELT. BEBHRIFIELRL. BMWi £
ZHA-UTWVBEIFTHD, EARHERS - EMERERIBOT7T DS — 2RI I (HUTEERZRF>TUR
W REBE(ITHIBHNFFRITZENIEZS

o HEHhHILINE RFHFESHELLEIND2020 ELPEOTET. FEEMIE+HD(CHD

<FEETECHFEFm>

BIET—HETSONUNEL TVBIN, BREBE(CT —FHRHEDEZNBRVCEDHD., )\WI7—FFRBTE (LS
E2ZBRVEIDNHDD. ZEMEOH| KT (EEEE TIREEETETLVRL

ZNEFRIIC, TSOPENEH TR BMWINSARZEPID YIS MEFZRITTHREIL. BUSH AR
FRLEE(C. EURESARHULTWS Security of Supply monitoring report” i MF1E, lZlcUEZ4—
HEm
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L IR DFEBE S (FEBEIRRE(CHD. EIMOFiw 12 ET DHE(FR

2012FEH520225FDREICED B EFEETNBIBTEINS VA
) . EER &
&l .

BN

Leistungsbilanz 2012 [MW] Leistungsbilanz 2022 [MW]
-500 I N 9000 -500 N - 0000

W) “Systemsicherheit im neuen Marktdesign — Fremdkérper oder integraler Bestandteil?”, Dr. Oliver John, Amprion
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o RFEMERIDERDZE L. SHIRTE. BIC#tantF1U71(CRE
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o FHEIUTOEATRETHS—DRENDS :
v BBERILHSEADERT
10 =Y (0=
v ERESREEFOBELL
v JLEORRERARO RN
o EFENRMISRFILLDRFRERIBENTE D (CRDETHELEND
v BIREBEBER. (A REA-ANTOREFINSIETD. (X
F¥FEN]1 (winter reserve) N FREZESE LU THSNTND)
v TSONRETTHS—PIXT LAY —EZDHIEICRNMERVEE X DIRER
EFHEUTOBRERELDFEEF %, BNetzA GEFBRYNI—UREIT)
MERENVZ RS DL EMBERTETS
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R RAYTRE7 T H> —Zimc S TeshSENNI (Cis

ERFARSI(MW)
2013/2014 2,540
2014/2015 3,091+545
2015/2016 6,700-7,800 6,000 4,800
2016/2017 6,600-7,700
2017/2018 7,000
2018/2019 1,600

HFT) Bundesnetzagentur

Ry fHaERRESHME (BRAX)
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® TSORBEH. RFBERIOS I MOMEHEICOVWTIHEL TS, ZORBRSERECEEROFTEADIR

=L9%

v TSODOZDHTTIFIRITOEBRY I —I%260%IE8 I DEN'BAS
Mofz (BLERYNI—IDRFZZFRN)

v FESNZERIOSTINMIFAROAC-DCIL— M EFH. RS
YOR Nz RYDOERETNIXEITIED THD
-TSOORFET > TIEETEOFHUVENNE
-BFET 7> O—EBEBEENADERERIR(ZREREBERR) O

IBINTHS
-ERORRCKELENZTOZTI MOV TIEBERI (LB TiER
52%

v FERSFEEBRRIOTEZIRAT S

SERS  BEMIG-2015-201 74 (ROt S THIBO R EZRDIZHIC
6,700-7,800MWDFARNNUETHD. CNIFTEREEREBOREL (R
FH AR AR LLPE0THD
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o SiE10FDR. BRHTIHREE BB T HERNABIRTOERE R VEFBUTHBILA

v HLLWHBT YA BEANZX L. BT A EOREEEATS AV, AE- “
] BRMNBEAN=ZX ADOHIE
&5 NI YILT—2a %=
> BIfERR(CTHCSASEIRODERFIDONTE. FITHS AFLADE ST - Capacity market
> EERMNTEH (E—-98RE05%. =4.4GW)  BESSEIVFIEIHDENM - Capacity market under development

NE2/\WwI7yTHinEri32020/2025F TOEFEILE Capacity payments
> RIETIBA-ZTOFEICEIT DAL —ILZNFER I Capacity reserve

BB FEEBT2. 7GWZ B Hish 55aHK(CH1T (20204F0DCO2H) S
IMERZER T BIHDRTE)

X . Romania
2013-2015: Academic Entry into ‘
research on market force of 2007
failure and design 2015: White Book Strategic 2010 1996 260 )
options consultation Reserve ]
~ 2005
() () () () ()
2014: Green [ 2015: Draft _
Book mhmm Electricity HFr) BMWi (2014)
consultation \Q Market Law
™
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® RAYICHIFZEFEEFHMEILLTFO=DOh'%D
v BDEWH'REIE%ZFRUTENTSO-EICIRMHL TV FEFEETE
(German Association of Energy and Water Industries :
RAYVES KEBEESR
v BMWi h"F4TLTLSSecurity of Supply monitoring report
(Bundesministeriums fur Wirtschaft und Technologie :
EFBFRFERLAME)
® ENTSO-E ([CHRHEL TV 2FEHEETEIG. R YER4
DDTSONBDEWI(CT—5ZIRHALTVSHD

RAYDTSODEFETLF*

i SO TERNTSO. LEENZOIHRLT. elia (INLF—-DORFHERE.
TenneT AT HDRFERE

WA T2 EBNREERMIASRE FENECHITRIGERESECREIZRE)
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 LOLE™HiARFEBOIR MDFHE(FLA
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FAICHT D2 BREFEEICER 207 —9%RELS

v BAETSONWEIEOSFUATREEAL, FREILEN - SLO0BE | HEEaNETORE (5l : i
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ZHIBOTLD - TR
= 3 5 375 - -KIR (B | E- VST ERCEAIS
v EROTEME (7) PIRTALAODHIEALTLS )
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A
ORLENBECHE
_ eiiR/95 AR BEOTIIATF I RETET, Bl | AAMRETF HOERNDFEIE (R
HEGIL/ R T IR
F) - . s
, . - FEBIER /IS5 AR DBFE DTS F(CE I
A STESH, REREELL /iRt N 7 = 7
N
i3
£ ZOMOIBERICELZEEREE | ZOMo. HLSIOBREEROZEE (BIR AR, A2, 95204) | HRRE. BHmI1t>
%B & (HE3RR, BIR) 25k, BIAMOBBELTER (CHP)
wHERE e
- _FA5A%Reserve TSONFEEYS BPrimary. Secondary . Tertiary
v
A
EREOHDEHEY—
oy
SIRL09S FUFEIREDRO BRIy N~ ICEHL TVBIAT
wREaR 7>l DEBEEOET. BEU. AHADFHAEO

AIFIR e ey St
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HBFIBEAOHELKIIPSPTORKEE
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HFT) ENTSO-E, Long Term Reliability Assessment
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® TSONFATIE. BIRMEFEIEY—ADOEEAIHI

v FAEIEER TR BVEEREEE N ORE | ZEITIEIR

ZEAITIREIEFBFE DI % AN TE2IHED e — p—
HEEITD PV 100%

> BEIRMEEEY-SUCERIESFENAN Wind 99%

N - o “ Pump storage hydro 20%

v AR (FREARKR) MEI30IeeHIEMHATES Run-of-river hydro e

Fig. TSOBOEHFEEHFH

100%

Generation

(share of installed capacity)

HiFT) Reliability margin calculation of the 4 German TSOs, 2014 0%

0% Hours per year ~ 100%

135

RIS =R ST
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® 2011£F(CHIBTHEHIBUTIE. 4TSONENTSO-EICIRE T BISREHAEDHBALL TUFOESD,

<B4AETEREIRIF-0#EH>
o EHREBEOMEH IRTECIDETEFERICESDENELTHD. 5~10%EZE L. ZIET—FEIEDT, TSO.
BHEEE. BREFEE. BUIBEMREDI LU AOEETHERAINTWVS
® Security of Supply monitoring report T(&5%%£H. ENTSO-ENIRH 3 2F/a5TEI TIE10%MEAENTVS
o — 5. ABARE(ODOVWTIRAEZEINRDIFTACRET 3. #figHI oL TGRaNnTLS
SREE RBEOESD., BN 1%, KEFFEE0%EAETE.

<EEEE>

e IR7f DSM/DR MOzhR(Fadequacy sHfh(C RIAA TLVRW
—IREE. BIEOESOF A B]§ER DR (EFHM(C RIAAT LD,

<HHEEFEEHE >

o SHERAZELUTE ENTSO-ELRARICENHHEREERDIATNI%ER DL, IRNDE99%DEFHMEZRITHL
SRSCEFEEL TS

® COSCERFRRFRICHIIDEREE-IEBREDE THDIMAPLZEUZARMB NGCD8~10%IZE THh. RCH TN
LBETHHERIAATND

® CMNI9%LEVVSIEMEIL. [99%BEFAMENDNETDTTIEVOEDTHD ., BIFZHIBIBRHUIRL, SERHFCEDHSNTLDE
DTERV

® —5T.EAYARTldtertiary reserveDiEE iz FEROFIETIToTVD. T TIIE—IO0—-RTERL IANTORF
BIFEEITRELTI9.9%HERL A THML THD. IAETDEHELANSHELERTEROTVS

T FR22FEENRAEERBINERE GEINECEIAHEERESCREIHE)
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KE : NERCICH I SIS EFREFHMOZE X 75

® NERC(. REAMEIGEREmEL T, mc510F05HiiZ{ToLong-Term Reliability Assessmentt. EiR15FDE
F /R ZE(CHBIIBD TR O:HTEZTTS. Seasonal AssessmentZz 3kt

o RHAEEEMINZ XS (T TRODED
v HBE(Net Internal Demand) BEEOSUERMICEIE-IEELETE (Internal Demand®)H5, HIHEaEREEHIRESE
(EiZEmaTHR,. RiaREEE2K, CPPENE) 2ZELaIVED

v #8751 (Anticipated Resources) : OFlHIVZADOBFREFMORBRENS5. - IHHICHEEDEBNIRIADZIED,
QBT A TR IEEEFR U EER O 1V MORERE. OBHEFIHIUVZNSOMASE (FirmsTXEZiimiss
DEM) OEEHE

v BEF{(EE(Reference Reserve Margin) : READMIGEFEE FHI(CHID, BEFELRDZ TR, FHTV78ICEEFREE
EDEZSIRRD BEFHROEETENMEELRVEIFITUTICOVTIE. 15% (BN NDEZEOBS) |« F2(E10%
(R ONKDEEDBE) %iEA

B ) I RO -IEEN TR L OBHERE
NERCICL 3 REAEFEE s iriEH TEBHEENENENS50%CRBLOIRE —IEEEE

<FHIiE#E : Anticipated Reserve Margin = Reference Reserve Margin>

Anticipated Reserve
Margin

(Anticipates Resources — Net Internal Demand)
Anticipated Reserve Margin =

Reference Reserve Margin Net Internal Demand

HiF) Reliability Assessment Guidebook Version 3.1 (NERC, 2012),

2014 Long-Term Reliability Assessment (MERC, 2014),

2012 Long-Term Reliability Assessment Methods and Assumptions (NERC,
2012)
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KE : FTV7ICHEIRFEEREDE R (F84h)

o HFHHIVFICHIZHEBETDERS

“long-run 50% probability “ : EEREHERAINKUE
HXHNBEFTROPREEZN-ZASAVEVTRE (N=R
54 h5 _ERN - FIRN S 3 RIEMENENENS0%ERD T

N=RAF1>DE -
AH

Sty :
ATx .
DR .

KE : FIV7ICHITDE

“long-run 50% probability “ : FEREHNER
ZNNRU IR R B F RO REZ -5
AEUTRE (N=ZF1 05 EiRN - THRNS
ZAEEENENENS0%ERDFEARTE)
FEHN-JE. BEOEREBEEZHIL, E-IFE
DENIHU TEOEFILA
XIBEMEFEDDEEEZ R TOSMNEIAEA
BEOFIHSURE — MR ERRERE RIAD

EiEEZE-IRBBEOMNIEU CZOFFILKT
iz, FHIAE (E—V8RH) E—RCEE
BEEZBND

FEROBIRICEZFE FENIEEREL TR

ISON'HIfHIE]ERTBEHIRIER) (EiEETEH
R FBAGFHEELLH), CPPEEHIZE) ZHNik
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o HHIEHIVFIICHIZREETENEZS

H#EIVF

N=ZF12DEZ -
5]

BIx .

DR .

PJM

“long-run 50% probability “ : FEREHNEZ=ZIN
KRUFER RN BB FRIOFEMEER—Z251 LT
WE (R=ZFAN5_HRN - RN I DA REIENZ
NEN50%ERDTEIETE)
1BZE7 — 105BDOPJIM Hourly Load Data’U'World
(PIMICR3% 9 32SERC. RFC, MISO. NPCCO—EB
Hbisk) MOHourly Load Data%Z£(C, PJM Load
Forecasting ModelZFiL\T. PIMRIDZ s R e
SEIAHFEDEIMIRCHITZ. BARUSELOE -
IEEZEH
PJM Load Forecasting Model(d. IL>4—318R (B
H#. ABE ARBBE#. 9Y-51L) & (BR,
RRE. BE - SETIU-T—. KBY) | RHEE
(ANO. GDP. &t/5—-55 LRE) %#EE
BRENAIAT N, TRIVF -3, TSAALARSTT
YR BAFTOEZTOENOPOEDEHEMHAD

FEROAIRCIZFEFMRNEZERE
RPMi5. FRR#IE. Base Residual Auction (]

HAZREA4—233>) . Incremental Auctions (&
BEA-I3Y) ZBEUZDRZNI

HPT) PIM Manual 19: Load Forecasting and Analysis (PIM, 2015)
NYISO Manual 26 Reliability Planning Process Manual (NYISO, 2014)
2012 Long Term Reliability Assessment (NERC, 2012)
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ZAAE)

ERCOTitz#8 DDSUEMIMHICX DU hMOE 4 (DTSR

BE - 275 - EE AP IR (CREREZE

FEN-TJ3. BESFROEREEEZFIEIL. E-IREDOMH

VIS0 TZDFFIER

FEIEEFER. TUR(Heating and Cooling Days)B LU
BEEE CGEEXEREHR AN, AQ) (AEET

EDEVTIRE (EFFARNOHERNEEDIER)

SHImEEZ EH TUVBERTIIAK, _LEEOTFBREEZITILT,
SHMETE (E—-V8R) F—RICEFSEEIBND

TPROATIRCELSFE FRNEERLTORL

ISONHIHE]ERTBERIAES) (EEREREHIM. FioiE
22§, CPPE2IZE) ZHNik

HiFf) 2014 ERCOT Planning Long-Term Hourly Peak Demand
and Energy Forecast (ERCOT, 2014)
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 “long-run 50% probability “ : FERZENERZNKUIHERR
HNEEFROPREIEZN-ZF1 U TRE
N TFRNI 2RIEEHENENTNSE0%ERDTEAETE)
NYISOAID1MHICH W C2ERPE D BEAEER1TD
Stage1 Tl STEZFNIEECE DV RGO FEEEENTH
N3, k4, ATIRKEPIRIREERREZAE
Stage2 T, MLANNOEIRTOIS L. EEDFRS, Hesand
TREERQECIDBIRNF —FERRUIER -5 S %RTET Do
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o BHIEIUTICEIBHHENBEDERS
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HEHOBEIEE OFEHTV RO FREBIIORETENDS5. E—J5RHE
(Anticipated capacity) HCHEERXRBNRIAHZED., QFIEITU7ATIESE
FFESIFRIEFT IO IINORESS. OkE
HIFEITUZHSOMATE (FirmsTXEFHEEOB0)
aEtiE
EREBTT I NOBEIEE
N ® Xy A—A—(TIEU THME

® \AARZFEBEXY MA—F—(CHREOTIERE I BN HR
8L ZMRBEL B THD, BHEFEETS
o BEDHKEREZIEFAT, BKFCIVEMIORES
ZIRE
o BAESERD1BFRHIHDFEBEDFIIBZEH
o HHGNICHIOTIEL (LB, 8k TIIME
(F137E%H) ZERTE)

o VIKEEBESFHD B GV REBEOFIIEEZH
&
o {HHEN(CHIOTFFEL (HBE(C, 4REFIE
(Ft67E%H) ZERTE)

o ENETLNRAOFRER M (BFRFE. BIREESKIS
7)) (& BEBECHMAFNTVDERRBU, FFEROD
FHEITHIR

StEHELE ® BENEIRIA( I EREZITRE (E-VFEEFHD
SHESMELE ERFEELLBWV)
HPf) Loads and Resources Methods and Assumptions (WECC, 2014)
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FEECEEER

® XUy hA—4—(ChSU THvED

o BENFHOREXRBEZEFATEE
® ERCOTTOKD ST\ 523U

® 201MELUFDOKRIGHFRERIEENSBBIOTOT7A
WEESTE (HE2(F20 1M ELFEUNIREL TLRLY)
o ExhH A, FEARD100%

o 201 ELIRORHDRRERBMENSHBIOTOT7A ) %
RE (BURT —(EF20 1M ELEUNIREL TLRLY)

o AL, BEEBERINEIZD56%. AFERSD
NEFED12%

® LECLEER

® BEDERIMI I BFATRE
o SHEYMELIE(E, BEORIEZ X CHERREYERIE

HPT) ERCOT Reserve Margin Analysis (2015)
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o ZHIHIVYICHIBMIENEBEDEZTS

RIS =R ST

HEEDOBSEI8TE OFIHIVTANOBIFREBIMORESTENIS, E—J5R

(Anticipated capacity) TICHEEREENRIAHZED. QHIHIUFZA TEE
FRFEFRUESE IO 17 NOREST S MEH
FTUTHSOEMATE (FirmiBEZZHFHEE0b0) O
A5tiE

BRETS  NOBEIAE
XA ® XUy hA—4—(TIEU THE
KA o BEDFEERIEZIBFIATEE
PNy ® EZNHTI(F, EIRD38%
[R5 ® AUE-IBFDEITHE A EIRD13%
BERFES o BNFtIRANFEERMm (BFE. BIREESARB
J6) (3 RFEROFHEITHRN
STEHSLE ® BEDERIA I BFATRE
STESMELE ® SHEAMZIEE. BEOEREZHEEZ TGRE

o REHARINSERBELIIIRIFE T EDTF> MO
WTIE AFEIREE D 0T -SRI —TET 5> hOFT
BT -9 TEHIFZEITS

HiPT) 2014 Long Term Reliability Assessment (NERC, 2014)
2012 Long Term Reliability Assessment (NERC, 2012)
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OFIEITI7RAONYBETIBADSHNEEDHD
existing-certain resource@lfHIY7 A TEHEIFD
REF=DO5. AMFFERA]. State Environmental
Quality ActOTESDDIRITRZE ST, System
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» Conceptual Resource, Energy-only Resource,
Transmission-limited ResourceldZ £/

o XyhA—H—(ThSU THE

o BEOEREBEREZIFATEE
o =R AE. EABD65%

® RN EAED17%

® BT LN RZOFEENE (BFRFE. BIREEKEG
F6) (3 RFEROFHEITHIRN

® BEDERIMI ) ZREFZATRE

o SHEIMEILE, BEDREEHEZ TRE



BRASH =R SR

KE : FIV7ICEIRREFRREZEDE RS (F81E)

o ZHIHIVYICHBIIPEETMEEEDERT

TFREE
EDEZTT

@ Building Block Margin (BBM)A=

o WECCESHNmHI{EHRE (Balancing Authority: BA)&I(C.

BUF4IEEORE EFICETEE

> Contingency Reserves : EzbiEfERN-15HF
HEBSC, IERRI0DLAICHEIBN T AZHRF TS
(Area Control Errorz€0(C93) FfEH. E—UF%
ED6%IEE

> Regulating Reserves : BEHFE I

(Automatic Generation Control)(C&>TEIRER

FEE#ITOBRENFmII(Spinning Reserve)DfRE

> Forced Outage : i85 10FMOEHUEIET 5%
PFEZ T, N-2B TSI DD ERFEH

> Temperature Adders : BEDZUREENS.

10%0ME=R (10F(C1EI0ER) TRET =R 1K

RSN EERDTFEICHIEI S TR
o Sz TOUNC_EEEARETZAT O BEFRRIFHIC
F2%. CAISOLU7 DEAEFHEF15.02% (20154
k)

HPT) Reliability Assessment Guidebook Version 3.1 (NERC, 2012),

2014 Long-Term Reliability Assessment (NERC, 2014),

2012 Long-Term Reliability Assessment Methods and Assumptions (NERC, 2012)
Loads and Resources Methods and Assumptions (WECC, 2014)
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® LOLE(10£E(C 1 [@)

o ZHMELSHEHIFOMIIZE5H(C. MDIEIR
OFJEEMEZ . THFH RN DRI EEZERLEDITAR
. B RMEfHEL CExpected Unserved
Energy (EUE)Y'&%HHDTLS

® ZNZNOIBZEZFAVVIHEND2016FEEmOELE
FhwR

ERERER BEFHER

0.1 LOLE 16.75%

(1 event in 10 year LOLE)

0.001% EUE 11.5%
(EUE MWh per Total Demand in

MWh)

HiF) ERCOT Reserve Margin Analysis (2015)
Scope of Competition in Electric Market in Texas (2015)
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KE : FIVVICEFRREFRRFEEDERTT (F8E)

o EHIEIVIICEIBETFHREEEDERT

TiREE
EDERTT

® LOLE(10£E(C1[m])

® PRISM (Probabilistic Reliability Index Study
Model) ZERY—ILEUTEEFREREZE N

® PIMIVF¢EdISWorld (SERC. RFC, MISO.
NPCCO—EB5) D22DIV7%ETINE

o BHOAEHEZX (Probability of Loss of
Load) Z5EULIBEDLD., SBOLOLEZEEL.
HOLOLEFER TEB(EFE/NENETD) 521D
LOLEZ&ET I D E CEBDLOLEZEH I3

o F[EOEEFNEREIEMRDMICASIEDLL, BEHR
(CXFUT+4. 200EFEN D21 mOFEZE (CXTL T

(&

T EtERZEE
o SURSFSF. BRERM REHOEILFCLIEHE
#BEERE

® 20155 - 2016FDOEETHEF. 15.70%

HFT) PIM Manual 20:PIM Resource Adequacy Analysis (PJM, 2015)
NYISO Manual 26 Reliability Planning Process Manual (NYISO, 2014)
2014 Long-Term Reliability Assessment (NERC, 2014)

2012 Long-Term Reliability Assessment Methods and Assumptions (NERC, 2012)
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® LOLE(10£EIC 1 =)

® T4, The New York State Reliability Council
(NYSRC)DInstalled Capacity Committeelc&D
NYISODEAEFRERNMREEND

® E2 7O 321 —23>%Z2AVEMARS(Multi-Area
Reliability Simulation)ZERY—)LELT, RFEE
&7z 5Tl

® MARS(FXEB=(CLIHELRINT S

® NYSRCHYRTEI2015%-2016FNDEEFHER(T
17.0%
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<LOLE=1H/10FE0:%TERMICOVT>

‘0 e HE S ENOHEER RN FEBERA OB DN BEE (TRSNIZDE1933EFE THOILH CNICEATIRYID

FERBEDHXII1947FCRBIFTRRINBIOR.

o JLKTIE., 51 MHR (Resource Adequacy) TREFUAERDEFEE BERF0.1B/EFETHolc. D

BAITEEAE (31947 (LS DT DMidwest Generation Meeting TGiuseppe CalabreseNRERUIEREX E

THBENTEZN, 0.1B/E(CRO I EEREIR(EAFETIEH B, [Loss of Load Approach J(JIRTED

[ Calabrese Method |EM-ENBCENHD.

° Calabrese(DEﬁY(Et —ERHOECBVTEBNARE (BE) MFRIN3BEERICEIVWTEREERZS:

XTI DEEN-RICLTLS, C.W. WatchornlZBY) BB EF iR CEAUER DR EHEL TS

° Watchorn(i%(})E XOHFT, [EEEMNLY—EEFEEDOLAILE. 8~10FEMIC1BEVSTFEEIZRDFIFIE

TENHIETEIRVERTHZ 1 ERRTNS, UNU. ZOFROIBHLUITRENB IO,
® EC(CHHD5ET, 1950 LARE. LOLE = 1H/M0GEL TRREN., I/EBERENTVS,

ﬁ%)
Calabrese Giuseppe, “Generating Reserve capacity Determined by the Probability Method” American Institute of Electrical Engineers,
Transactions of IEEE, Vol. 66, Jan 1947

Watchorn, C.W., “The Determination and Allocation of Capacity Benefits Resulting interconnecting Two or More Generating Systems”
American Institute of Electric Engineers Transactions of IEEE, Vol. 69, Jan 1950
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® 2014 Long-Term Reliability Assessment (CAISO)

Demand (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Total Internal Demand 57,606 56,767 57,004 57,245 57,580 58,003 58,257 58,542 58,742 58,930
Demand Response 1,996 2,019 2,055 2,081 2,132 2,184 2,236 2,287 2,339 2,389
Net Internal Demand 55,610 54,748 54,949 55,164 55,448 55,819 56,021 56,255 56,403 56,541
Resources (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 64,102 63,531 63,670 63,675 64,014 64,383 64,576 64,280 64,470 64,106
Prospective 64,126 64,327 65,205 65,951 67,431 68,441 68,744 68,462 68,646 68,285
Adjusted-Potential 64,126 64,327 65,225 65,998 67,478 68,541 68,847 68,565 68,748 68,387
Reserve Margins (%) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 15.27%  16.04%  15.87%  15.43%  1545%  15.34%  1527%  14.28%  14.30%  13.38%
Prospective 15.31%  17.50%  18.66%  19.55%  21.61%  22.61%  22.71%  21.70%  21.71%  20.77%
Adjusted-Potential 15.31% 17.50% 18.70% 19.64% 21.70% 22.79% 22.89% 21.88% 21.89% 20.95%
Reference Margin Level 15.02%  15.02%  15.02%  15.02%  15.02%  15.02%  15.02%  15.02%  15.02%  15.02%
Excess/Shortfall (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 139 559 467 226 238 180 141 (415) (405) (927)
Prospective 164 1,356 2,003 2,501 3,655 4,238 4,300 3,758 3,771 3,251
Adjusted-Potential 164 1,356 2,022 2,549 3,702 4,338 4,412 3,860 3,874 3,354
Peak Season Reserve Margins Peak Season Projected Generation Mix (Cumulative Change)
24% 5
22% 4
20% 1“:-'1 3
18% g 5
16% g
14% 61
SR T
10% -1
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
| n An“cicipated ) W Prospective . M Natural Gas M Renewables
Adjusted-Potential = Reference Margin Level B Petroleum Pumped Storage
HFf) NERC, 2014 Long-Term Reliability Assessment (2014)
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® CAISOT(F. CPUCHESHI10FTIH JEVWEHERETFREZREL TS, TORER. $15%
HBEREBOTLS,
CAISO
Planning Reserve Margins

2015 EH FEMHEREL
(GTEFEE)
et RS TEIARYY ISO SP26 NP26
BIfFREPN 54,044 26,660 27,384
BEIEFEEFR 0 0 0
SR THTRE I 2FERR 278 17 161
FNRIES] (Moderate) 9,500 8,700 2,000
fftiaE (Mw) 63,822 35,477 29,545
DR 8uERTBEIAET O 5 A 1,840 1,297 543
FE (&1, EFER) 47,188 27,183 20,832
STET R 39.1% 35.3% 44.4%

FARE = [(HHEE + 7Y RUZRDZ + EUEIRE 0I5 L) /HBE]-1

HPR) CAISO: 2015 Summer Loads and Resource Assessment &D=ZHa&AZFRER
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BUTANZT I HFEFEE ARSI FEROIRIR

o FmEDEM(L. CAISONDIZYAO-HIIY -, HUTAILZT7 NSOV - KU ACEDiERLT
W3, A DMERDIHIC, BHETUZMS0E A ZINBRL TLL)

MW
Reserve
Margin
Requirement
Imports
(115-117% of
summer peak
load)
Additional California Resources
Total Resources
Needed
Required local (RA Requirement)
supply (decided by
CPUC and CAISO)
HiP)  CAISO
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o V- RIn#ENE+5
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v’ CAISOOFBE -#a s . NI 2TV (WUTAILZT7HDFI80%) DEMHZEREL. 2D ETHITA
JVZ73tEB (North of Path 26, NP26) RUFEEB (South of Path 26 or SP26) DFEMHZENEINIRETITS

ISO, SP26 and NP26 Operating Reserve Margins
at 2015 Summer Peak

26.4%
£
£
2
2]
=
@
-
o
o]
[v3
=]
£
=
il
@
(=18
[s]
MNormal Scenario
Notes:

=>Demand based on 1-in-2, or 1-in-10 Weather.
=Outages based on 1-in-2, or 1-in-10 Generation curtailments.
=All Demand Response and Interruptible Load has been utilized.

HFf) CAISO: 2015 Summer Loads and Resource Assessment
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nISO

3% Firm Load
Shedding

Extreme Scenario

NIITAWZT I« FHGERRE LIS D EROIRIR

o TELHMEOURIE. BHISRICEIRES FUAZFATHH

BESFUATO T
Normal Scenario Operating Reserve Margins
Summer 2015 Outlook - Normal Scenario
1-in-2 Demand, 1-in-2 Generation Outage and Moderate Imports
NP26

Resource Adequacy Conventions 180 826
Existing Generaton 54044 26,680 27384
Retrement 0 (] (]
High Probabiiity Addtions 218 17 181
Hydro Derate (1.511) (634) (878)
Outages (1-n-2 G Tl (5.028) (2.163) (2.882)
Net Interchange (Moderate) 9.500 8.700 2,000
Total Net Supply (MW)" 57283 32680 25785
DR & Interruptible Programs 1,840 1297 543
Demand (1-in-2 Summer Temperature) 47.188 27.183 20,832
_Operating Reserve Margin'* E% B8.0% 20T

W/ > FUATOF w1

Summer 2015 Outlook - Extreme Scenario

1-in-10 Demand, 1-in-10 Generation Outage and Low Imports
Resource Adegquacy Conventions 10 SP26 NP26
Existing Generation 54,044 26,660 27,384
Retirement 0 0 0
High Probability Additions 278 117 181
Hydro Derate (2,733) (1,338) (1,397)
High Qutages (1-in-10 Generation) (6,704) (3,478) (4,165)
Net Intarchange (Low) 8,300 8,500 1,100
Total Net Supply (MW) 53,185 30,463 23,083
DR & Interruptible Programs 1,840 1,297 543
High Demand (1-in-10 Summer Temperature) 48 370 29,006 21,735
Operating Reserve Margin 11.5% 9.5% B8.7%

HPT) CAISO: 2015 Summer Loads and Resource Assessment
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E

MRS = RS HTN

iC:

Existing Generation (BIfFREFT) @ERIRILF— 72%,
BARRIRILF— 28%)

High Probability Additions (SR THARBUE S 2FKERT
(BR)) (KX BA. )\AAHR)

Net Interchanges of CAISO(CAISOMO#& M BERSIE)
Total Net Supply (#ifitieE) = BIFREFR + SHEETH
MBI IREBA(EBIRE) — OKkHh HAOETD) -FELERS
FT + #NREIERSI=

ftia =

DR & Interruptible Programs GEWTRIEETOY5L) (88
[CRENTTRERMWER)

Planning Reserve Margin= [(#t{&& +7 <> RUZIRVR
+IEMEIEETOYS L) /EE]-1

Operating Reserve Margin GERFER) = [(##HaE
+ FYVRUZAR>Z+ ERFRIEET DI SL) / BE] - 1
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AITAWZT M FHEERREFHICH T 2 FELHFEDF

CAISO 2016 Local Capacity ¢
Technical StudyTRHWSNTLS
1> Ty NMeT5 R :

HiP) CAISO 2016 Local Capacity
Technical Analysis

Copyright (C) Mitsubishi Research Institute, Inc. 151
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BUTAZT I FHEEFREFHECH I S APEEOKWATE

o (HIAESFEE MA(CH T B ARG DOkWATHE
v CPUCOHTETI(E. 20204 CEIREEMREBehind the meter®PVEEN'S, 500MWAE, 20245 F T (455
BFPVOFENT7,700MWIBER B RiAH. TG, FAEBEE(CLBPVICOWVT, CPUCHIHA GRS ZRTE
LTERU. StETRV R hE2EHR LTS,

= PG&E SCE SDG&E Average of all 3 IOUs

Peak Impact Factor

. . 0.47 0.47 0.47 0.47
(E-IBRNDOREE)
Capacity Factor
0.18 0.19 0.20 0.19
(B 15250

HFf) California Public Utilities Commission

Copyright (C) Mitsubishi Research Institute, Inc. 152
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AUITAIZT M ¢ HFSEREE IS TSR EXE Ok WATME

o E-IROMHEHERMEDDIERBTED—EIDH

v ERRBTEDS5. E-IFERICOMIEHERMEIBTE0EI SR BAONFE12.5%. KIBFHKN47.5%. NI
90%

CAISODRAICERZN AN RUKREZICLSHHEHOHETS
5000

4500 Wind

Solar

4000

Exceedance Nameplate [MW)
[
g

|

|

1000 ‘
500 I

Jan-11 Jul-11 Jan-12 Jul-12 Jan-13 Jul-13
Source CPUC: Energy Division Staff Proposal Regarding RA Program Refinements
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HUTAILZ7M : Resource Adequacy Program

Resource Adequacy Program(cDW\WT (GRItEARIARCHIFBCPUCDERER)

,’/0 AIIANZT7 M/ NFEEEEE (Load Serving Entity: LSE)(&. FHIE— ’]ﬁ-ﬁ%+15%d)“'§'ﬁﬁ{%ﬁ%
: ZE)\, LSECLHO TRESNLEEREIBIHTISZEUT I/ ATHIBADALEIZNIFELETS (Resource =
Adequacy Program) . CNICED. EREKPE TCAISOFMERICHBRARR HZEIRTEDIL(CR S,

, 15%¢ V7K EE(FCPUCTBEDT —7E 2 FZX TRELIZED.

® 115%EVVSEMBIXCPUCHYRET B, CAISO (FZNICEDVWTINEARDEARN R FiRHE2ETELT
CPUCIRH 9%, CPUCIIED#8=Z L SE(CAE T -

| ® Resource Adequacy Program(C#i13115%(dE— I iEL THEMET 260, E— (3 ZHiB D4FELE,
L EEOE-VISERECRICRETD. KOE-IFEOE-ILONRDIEN, KIGE5HE— O@K&)EE

RIDPBRICKIZHEHEVZFINBVERDNDN BIHEBE-IDOOEREICKZEMELEE
Do

@ FRI15%EVIEMEL. BALEIEENE SHEBETHE. —5T. AB%-AHREOADE
L AR EATEE D MEZ TOBECEEE T RN ERD
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HUTAILZ7M : Resource Adequacy Program

RABEMEEE (2013~20174)

2013 2014 2015 2016 2017

NNEFISHRE $/kW-H $ 345 $ 3.41 $ 312 $ 270 $ 3.16
FEiAE $/kW-B $ 3.28 $ 3.32 $ 290 $ 329 $ 3.39
RKMARS $/kW-H $ 0.11 $ 0.1 $ 009 $ 027 $ 1.60
BailtE $/kW-B $ 26.54 $ 26.54 $ 2654 $ 26.54 $ 6.43
MW®O85/\—t>414)L $/kW-8 $ 748 $ 7.81 $ 540 $ 3.00 $ 5.10
(85%DMWDITFZ D _LPRAE)

LB =EETH(MW) 109,947 96,712 91,788 54,289 24,887
BEHIMWOEIES 28.2% 26.0% 24.6% 14.6% 6.7%

HFT)  California Public Utilities Commission- Resource Adequacy Report 2013-14
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® 2014 Long-Term Reliability Assessment (ERCOT)

Peak Season Demand, Resources, and Reserve Margins®

Demand (MW) 2015 2016 2017 3018 2019 2020 2021 2022 2023 3024
Total Internal Demand 69,057 70,014 70,871 71806 72859 73,784 74710 75631 76550 77471
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 68097 68,954 G9,889 70942 71867 72,793 73714 74634 75554
Resources (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 76,751 77673 78478 79360 78760 78,760 79,060 79060 79060 79,060
Prospective 79,574  B1486 82,991  B4,361 B4972 85,343 86014 86384  B6755 87,126
Adjusted-Potential 79,574 81588 83,172 84580 85251 85621 86292 86663 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 1852%  1966% 2036% 2071% 1978% 1875% 18.16% 17.19% 1624% 1532%
Adjusted-Potential 1852% 19.81% 2062% 2102% 2017% 1914% 1854% 1757% 1661% 1568%
Reference Margin Level 13.75% 1375% 13.75% 137%% 1375% 1375% 1375% 1375% 1375% 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) (5,236)  (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
Peak Season Reserve Margins Projected Peak Season Generation Mix (Cumulative Charge)
21% 3.5
18% 3.0
15% 2.5
12% é 2.0
% 5 10
="
6% | I © 05
3% I I 0.0
0% 0.5
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 -1.0
W Anticipated B Prospective 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Adjusted-Potential = Reference Margin Level M Matural Gas M Renewables M Coal |
HAT) NERC, 2014 Long-Term Reliability Assessment (2014)
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® ERCOTIEHBEXNZZXLZBULTLRLN, REFMEE D OERICKINL TS

Load Forecast, MW 2016
Total Summer Peak Demand (based on normal weather) 70,014

less: Load Resource providing Responsive Reserve (1,251)

less: Load Resource providing Non-Spinning Reserve -

less: Emergency Response Service (10- and 30-min ramp products) (1,071)

less: TDSP Standard Offer Load Management Programs (208)

Firm Peak Load, MW 67,484
Resources, MW: 2016
Installed Capacity, Thermal/Hydro 64,767
Switchable Capacity 3,496

less: Switchable Capacity Unavailable to ERCOT (824)

Available Mothballed Capacity 1,875

Capacity from Private Use Networks 4,344
Non-Coastal Wind, Peak Average Capacity Contribution (12%) 1,366

Coastal Wind, Peak Average Capacity Contribution (56%) 941

RMR Capacity to be under Contract -
Operational Generation Capacity, MW 75,965
Capacity Contribution - Non-Synchronous Ties 517

Planned Resources (not wind) with Signed IA, Air Permits and Water Rights 1,780

Planned Non-Coastal Wind with Signed IA, Peak Average Capacity Contribution (12%) 493

Planned Coastal Wind with Signed IA, Peak Average Capacity Contribution (56%) 206

Total Resources, MW 78,961
Reserve Margin 17.0%

Notes: Estimated Capaclty Factors for Non-Coastal Wind and Coastal Wind are (12%) and (58%) Respectively
HFT) ERCOT, Report on the Capacity, Demand and Reserves in the ERCOT Region, 2016-2025
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HHaEREHMCOVT GRIBELREERECSITSERCOTD:RER)

'® ERCOTEUTIE. LOLE (10£E(C—E) MRFHICTEBLEEZTVAL, EoE6104E(CLEDHHASE
L LVSOREREN DS, ZEERTEAC. SR, FEEHELCRNCHERIEEOSNEELL
'@ PUCTIFIRFE, RENIRMEREISEICOVTIREILIAH TLS. SRDBZDIFPUCT THS . SEICIGRES
L BLEBS, oL, EREEEGENARDGE

o (SHEMTORBWIEG. MEEFRELRVEROR. BH (FFLRFN2DO0XS, EHOE—)
FEECRE) OF-20RMOTERAEVIILEUE, BCREBNRTIHETIE, HHEBIRTET
HLENBVEVSEREHD. 2T NIOSZIL—3aVREETI, DIV TR N

0 (BEFBEIRNF-OERICHVEEIRNIKRE(EUE-IRBHOZEL T SLFBELTNS
h?) TOLSRBRELEEL TSN, 10£EROFHERBLOP TIFICEFRLTLB0E, 3~4EFHKTSH
3. 10K RERENAZLOT, BEBELTRTVZISBERL)
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SEHN : BREHECETIER

BEMHICEAISERT RHEGBRECSIDTFIMNAREEREZEER(PUCT)DERHA)

~
N
\

® FHHRAIBEENHHZIEAL TR, Energy Only MarketTHhd. TH YR IHRFHILHIZZERL TS, |

D ZOEBAIRD 2 DTHD. OTFHAMBREFREFNRTIZANZILZIFATED, EESDRER(C#HS |

. RMUz. @ERCOTOFREREFH(CBATHOIL.

® ERCOTH'EAMEL T2/l (Capacity Demand Reserve Report: CDR)DRN T, 2011851 |

- ODMORER. 2015FCIUT-IN-INRET SLRENC. TOeh, REREEEMBEZEAT |
IhEnEmaIBLIEN, EA(FRiE- oz, 20150OCDRT(E2022FF TV —SI(INEBRKERFE DL |

L [T TV, LIV R BEMBEHRERITRFTINET -V THD,

. @ PUCTIIBEmMiE0EAZRX3NNC, FREROEEEEDHICORDC (Operating reserves

i demand curve)tU\OHAAEE AL (BRERIGRESIR) U7 LATHBOT 514 A5y T ($4ReH T

. [284($9,000/MWh)ICBDTWS. LD CNETDETS. TIBNIDTIA ZAFry TICEBELL LR,

. o [EMBNMFELAVSD, FIRRBERRIA LTS5/ 2FryI(E, SBIZN (value of lost

i load) ZBAFZ TRHTVBN, ZOAMAEKEDZ HIE(EEHFONEROTUD

| o RHGEIERFICHMEIENSMEL (Scarcity Pricing) . #iiREIRERZIET . COFTMBIFIEZZOI>L>

! T17% R 21EREVTERCOT(EPeaker Net Margin(PNM)"6BEARL TL%, HEIHRFISEBRD |
FETHO201 1FESFTARELZIRIPNMN, BEM20124FET(E. PNMEART3RIKELEROTVS
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® The Operating Reserve Demand Curve (ORDC)
v BREMBEHEATYII)-TIBEFELRVERCOT T, HHMEE N R BULSSOEIREFHECA 71
Jx52%I%. 2014568 h50perating Reserve Demand Curve (ORDC)%E&E A

v HHEHORBEAITEUT, Value of Lost Load (VOLL)%. U794 ATISHIEMASIC_ L REI B THRE
TN 5., A% HIN2,000MWE T EZE, TILVOLLEY,000/MWhEFBZENTRS
VOLL : BFELLHTREITIRERDIEELE. FEHIREBOLDICHEERNZIAOTLVNEITIEIBRACEDERE
v’ 20148EOORDCEME(FE T DED, JAMATOA /NI NMIFAEFREL TV

Price of Reserves ($/MWh)

Operating Reserve Demand Curve 2014 NDORDCEEE
5250
VOLL 6200
5150
g
=
- 5100
2 w0
8 Lo
& [ - "___.__'_':
%0 Ritc S
0 2000 4000 6000 8000 ($50)
. [1] 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
Available Reserves (MWs)
Reserve (MW)
HFf) 2014 State of the Market Report for the ERCOT Wholesale Electricity HiFfT) 2014 State of the Market Report for the ERCOT Wholesale Electricity
Markets (Independent Market Monitor for the ERCOT Wholesale Market, 2015) Markets (Independent Market Monitor for the ERCOT Wholesale Market, 2015)
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THFYAM | BEFREREDE RS
® LOLEF PRz kHdiERn1D

v' LOLEEUTIFI0F(C1E O & HIRN S OIS TEFEE R EL RO THD. THFIATEHER

v ERCOTOIRINF—METE LOLEOYR—MXDZX LAELTScarcity Pricing (ORDCE) %iB
INEHL ., TNICEDFRSZ 2RI DM TV R B, B PR MIF TR TEFRE 2T
£33

v [Energy-Only JECOSTHBERRICHE W TIE, THIZOALEITTRIBERNMRED

v' ERCOTOEnergy-Onlyi5 T, FARRME T INE IRIF—HiBMige 7> >3 —Hhisfiig
NEFFTBHLT. iRERIKEZTET D

HFT) ERCOT Texas Nodal Market Guide
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FEOM : BEPREREOEZS

0 EAETHRITHIANBRBREZESNRELTVS

v 10F(C1IEDOLOLERE(CINE, ERCOTOF@EREFI16.5%ERBEI TN, TFHANRBES
EAENEF[TI2EEFEZ(313.5% THd.

Resevere Margin LOLE LOLE vs. Reserve Margin
7.60 4.07 2.00
9.70 2.00 128 .
11.90 0.88 140
13.00 0.55 1.20
14.20 0.33 LOLE 1.00
15.30 0.20 ggg
16.50 0.12 0.40
17.70 0.06 0.20
18.90 0.03 0.00 : : : ‘ S
21.50 0.01 9.50 12.50 15.50 18.50 21.50 24.50

Reserve Margin
24.20 0.00

HFf) ERCOT
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o FANFEEBLLIMHERNNODEIDSTEIT A, 2014&10@0)ERCOTEE$A'C‘7¥KB.b\éﬂ7Z¥ﬁbL\7'3'/£(L
&0, ERAF2009F~2014FND63—X>, ZHAF2009F~2013FND5>—X> ENENZENETHA

BICHEIFRE-IRERRIDSS, 206 -I/RERFBOTII(CEEINL

® 2014%F10H14HMERCOTESERTHK

a. NBERDN 9%, /BFE %}_U] H'36%ERBOTLD
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PIMithis, : (HISEFRE LG HERDIRIN

® 2014 Long-Term Reliability Assessment (PIJM)

RASH=ZES

RENEHEICEDE, EIEB 2L TG ELTHNER T 2
=) (%) E EFRNDEEOGS. NERENDN12%. BEFRERINS6% THd. ZFERDEEDS

HUSH = H LG

D d (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Total Internal Demand 160,259 162,470 164,195 165479 166900 168593 170,027 171,217 172,542 173,729
Demand Response 14,812 12,402 12,402 12,402 12,402 12,402 12,402 12,402 12,402 12,402
Net Internal Demand 145,447 150,068 151,793 153,077 154,498 156,191 157,625 158,815 160,140 161,327
Resources (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 183,163 192,850 190,457 185,904 185928 185,928 185928 185,928 185928 187,498
Prospective 186,787 197,909 195,818 195,962 194,767 194,768 194,768 194,768 194,768 196,338
Adjusted-Potential 186,787 197,909 195,818 195962 194,767 194,768 194,768 194,768 194,768 196,338
Reserve Margins (%) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 2593%  28.51% 25.50% 21.44% 20.34% 19.04% 17.96% 17.07% 16.10% 16.22%
Prospective 2842%  31.88% 29.00% 28.02% 26.06% 24.70% 23.56%  22.64% 2162% 21.70%
Adjusted-Potential 2842%  31.88%  29.00% 28.02% 26.06% 24.70% 2356% 22.64% 21.62% 21.70%
Reference Margin Level 15.70%  15.70% 15.70% 15.70% 15.70% 15.70% 15.70% 15.70% 15.70% 15.70%
Excess/Shortfall (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 14,880 19,221 14,873 8,793 7,173 5,215 3,555 2,179 646 842
Prospective 18,504 24,280 20,193 18,852 16,013 14,055 12,395 11,019 9,486 9,682
Adjusted-Potential 18,504 24,280 20,193 18,852 16,013 14,055 12,395 11,019 9,486 9,682
Peak Season Reserve Margins Peak Season Projected Generation Mix (Cumulative Change)
35% 12
10
30% 8
25% g6
20% a ;
@ 0
15% * * * >
10% -4

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

M Anticipated
Adjusted-Potential

M Prospective
= Reference Margin Level

HFf) NERC, 2014 Long-Term Reliability Assessment (2014)
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PIMitiitey : (AR EFAE AR DR OIRAR

o BA=mi% (RPMMER) : LSENEFMISNEBZE(CWU T, BSREIIBES0EM I %@L T
RUEBE(CR ED‘&?‘JZD% BREBEA -3 IBUTHRE

v A=D3a (3EH R EINZ N, BMEIEEEO3EFICHRESN2F)HE
Base Residual Auction) TXEPDOBEENEEIENS

v PIM(Z. Base Residual AuctionDRERICEINSEA—-23> (IA: Incremental
Auction) EMEENZA—-I23>%ENNTRETDTEN DS, FIZIE. BENETEICHUTRELTL
a0, HPIOFTEICHKESN TORVENSEOVEMENMRELUCSE. E-IVFEOFRIN £
FHI 3155 Incremental AuctionZBaEL TREZITICENTES
PIM RPMRDSA LS4

AEEA-723> (BRA:

—a1—3-=IM

Fy 3 Years |
o« f 10 months
A Mapbe - i
{ \ i 3 months
) | o =
h 4 T G@ June 1 May 31
I
EFORd Delivery
Fixed Year
Base
Residual
Auction \ L
i Ongoing Bilateral Market a
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® 2014 Long-Term Reliability Assessment (NYISO)

HiFT) Long-Term Resource Adequacy Summit FLt>7—33>&# PJM Capacity Market Overview (February 26, 2013 )

HUSH = H LG

Demand (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Total Internal Demand 34066 34,412 34766 35111 35454 35656 35890 36,127 36,360 36,580
Demand Response 1,189 1189 1,189 1,189 1,189 1,189 1,189 1,189 1,189 1,189
Net Internal Demand 32,877 33,223 33577 33922 34265 34467 34701 34938 35180 35,391
Resources (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 38,311 38330 37,980 37,980 37,985 37,985 37,985 37,985 37,985 37,985
Prospective 41,715 42,691 42,702 43,217 43228 43228 43,228 43228 43,228 43228
Adjusted-Potential 41,715 42,691 42,702 43,217 43228 43228 43,228 43228 43,228 43,228
Reserve Margins (%) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 16.53% 15.37% 13.11% 11.96% 10.86% 10.21%  92.46%  8.72%  7.97%  7.33%
Prospective 26.88% 2850% 27.18% 27.40% 26.16% 2542% 2457% 23.73% 22.88% 22.14%
Adjusted-Potential 26.88% 28.50% 27.18% 27.40% 26.16% 25.42% 2457% 23.73% 22.88%  22.14%
Reference Margin Level 15.00% 15.00% 15.00% 1500% 1500% 1500% 1500% 1500% 15.00% 15.00%
Excess/Shortfall (MW) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Anticipated 502 123 (633) (1,030) (1,420) (1,652) (1,921) (2,1%4) (2,472) {2,715)
Prospective 3,907 4485 4088 4,207 3,823 3591 3,322 3042 2,771 2,528
Adjusted-Potential 3,907 4485 4088 4,207 3,823 3501 3,322 3,040 2,771 2,528

Peak Season Reserve Margins

Peak Season Projected Generation Mix (Cumulative Change)

30% 0.10
27%
24% -0.10
21% "
18% £ 030
15% z
124 0,50
9% G
6% -0.70
3%
0% 0.90

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
M Anticipated M Prospective
Adjusted-Potential = Referance Margin Level

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

| M Natural Gas W Coal M Petroleum M Renewables W Hydro

HFR) NERC, 2014 Long-Term Reliability Assessment (2014)
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BRI @ BIFEAILANDIIE

® ZENHIRDRE
v ZRA>DFI, 2013FBF AR TR EANN22%. ABBH5%. BHRRELSSCAHEOENDD
® FIEROBHMAR

v SETRMEASOZEEIDOFAIFEF THoN BIROEN, FBEOZ(L. IRF—DE@E L TYVRIAROSAR
EF RN TS,

35,000
W OTHERS (inci. exomt/imporr) B COAL

W SOLAR M LARGE HYDRO
30,000 = wiND W NUCLEAR

W GAS
25,000
20,000
15,000 [,

10,000

5,000

Source: REE
BHTOTPAIA : ZR1> 2014568208, MWh HiFF) EUELECTRIC,
HPT) REE http://www.eurelectric.org/media/154655/res_report_1409

19_Ir-2014-030-0569-01-e.pdf
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® EUNCO2HIRBRZEMK I DLHICF. BIROEAMBENVE., — TR SATLOTFIVTAZHER
FBARODFIHEEELD

v VWFEET SATAREICHEBERBE2 AU TVBIFOREEREE (L. BIRDEINCLO TS T BRI TSI
FIF-THIBTOFRENEEROTNDS

v’ CCGTIFZART AR EALICHEBRBBZMHEL TLH FREBZEAT I, IRELSENRVHEAEEN AL TVS

g

7,000
- 2005

oo wi0i :
- & 2o1) 0
o £,
; &
3,000 s
2,000 20
T & 7z v & & SOSCOLOLOOOC
&
Sowrce: GlobalData f
ZEDOCCGTHENIFH
HiFf) GlobalData §
HP) EUELECTRIC.
http://www.eurelectric.org/media/154655/res_report_140919_Ir- B« ANYFEISTOHESME 20074128 F2013%4E128
2014-030-0569-01-e.pdf W) OMIE
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® EUREEFENZTNEIRZL TS
TEREBAF NN DR A EFBEH (COHEE

v
v HEPITOAOHITE. ReserveY—> QM 021BLTWSE
v
v

v BIXZBEOHZCHEMAD : BETOTFREEOAR-

HABH =R G R

BSUBIENEEL, BEHiHZEA
MiZ CEFERORBUNDONT FILLVEEADIKEN TERL)
E—IBF OS> —EBOEEEZIIH T DR BUAKICRIF AN
® BINIMR

FE. AALEFRORE) BIEEROELE

v BIRZHEFECENSER1E TIN5 SIRNBBIRCEAT 1T INDZEA
v BERO/NUTHERR

(]

5l : ReserveN—>>DFH| 2014-2018
f£) J52A WP RTE 4A) =E HFT) OFGEM

HPT) EUELECTRIC,
http://www.eurelectric.org/media/154655/res_report_140919_Ir-2014-030-0569-01-e.pdf
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BIREAR

AL
BABER

JE R ZE &N

PR

ZOfth

9.0%
BiE(323%

Feed-in tariff, 28%iHl. T
FIF—1HEIE. BIRERmA
OFEAFO—>

RAYTOBIRILEANIZTAD
BAOMARICRZELHEA T
JERBDTWS,

BE DX

14.7%

fHENEE DY BIREND

BRERRR. BIfA

HE OB

16.5%

JUZ7 LTariff. BIXEHO
BIER. BIRSREREDE
BRI

BIRCGERIZRENES

(FZ5DECBRR

CCGTMD2 T~
BIKFEEBPROILA
FEMREOZA
RFERARDERE
AATFREE DR L

B (EFREURETISAME
BICTLVZT L%RY) IRE
RIRFEIROI, 2015FDF

DETEETE
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IEREBAIRGET. NHFE
EOIIHAR(IDRHIH TS,
BETHOBANNID(> L
STATERBH?
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Nor 37.4%. Swe 34.8%. Fin
29.2%. Den 24.2%

Sweden&NorwayFBE TR T
4B (green certificate. ZI
451)

Sweden(d/\ ARRKI O & 7o bR
Finland(ZFL =7 ATariffE BT
Bh

Denmark(d L7 ATariffe e
DB bR

KRR DR LI Nord Poolé.
TSORINordelEET1 D05 Uy
REULTEK
SwedenZ K HRBMRELEED
DN G B IehiX BARDIE(L
PE
IRTEEITRORIN SR DTS
B RERIEOERCIEER SN
wRELTER
Denmark(cf@> TV RIDFEED
Tz, FARBEDRONGDZIN. 45
ETOX S TERETFE,

HPT) A : eurostat
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® SCOHM(CHNZ T, 2015DSOKAFT (L., FlexibilitytrampingZiHiid 21zH(C. FxFEmHiizi 7o
o HMiCHIoTIE. EFKEM (residual load ; EEOER — ZEBIRE + must run&EIR) ZIBIZEEL TS

Definition of absolute values: ~ RL|(h) = L(h) — W(h) — §(h) —must_run ~ GW

In relative values- rli(h) = RL(h)/L(Rk) %
* L(h) L(h) = Lnorm(h) +/- AL(t°C, k) -.. hourly load (GW)
t’c ... temperature or A "C temperature fluctuation (°C)
Lnorm ... normalized load
w(h),5(h) ... hourly wind and solar generation (GW)

Example of the residual load simulation

W (summer week - year 2020 sc. B)
20
70
60
50
40
l"
30 1}
{ \ Ay ‘Ii.
O A AN L
10 [ .“r LA ;N
I . i |‘ \\
0 _)II J _)III _‘J‘“,_ Ll CToalll ..III ,.Ii_ _..|I b a N,
= pr= " o Co |.... ET |I|,. e
-10 T
20 morning RES ramp ‘<:| evening RES ramp

B m N B geteNEgeTeANSge TN Ege ot Nl e %e NS ope e N ®hour

RES [wind + solar) RES (wind) mustrun s RLramp ——load ——= res_load

Figure 5.2.1-Example of a residual load simulation year 2020 Scenarie B
HF) ENTSO-E Scenario Outlook & Adequacy Forecast
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XXMM @ ENTSO-E(CEIFDEREEFHEDZ Z 75

<BIREA(CLDRZETl>

o EIIATNEE(CHIIZO-NIOFZELOVWTOIBRZIRMH T DHIC. FREE T TOMEIEO D HERL TS
o KFRBEMT>T (residual load ramps) (CEDT. 0.1% (99.9%percentaile ; 30) Tl

o CNFERORBNIREIORRERS>T(8760 x 0.1% ~ 9 hours)EZLL)

® NBAHMIE. BIROERZENHIH (Curtailment) VRIDIBFEEZL

Table 5.4.1-Falues of the indices of RES load and energy penetration oz @ RES curtailment risk for all

RLPI — RES I oad Penetration Index = Maxinmm hourly coverage of Load by RES ENTSO.E countries referring to years 2016, 2020 and 2025 Seenario §
o RIPI=max(W;+S)/L; forim123,. 8760 = ALPI e ACR
ey RES curtailment risk
2020 2028 2018 2020 2028 2018 2020 2028
REPI — RES Energy Penetration Index = Share of annual energy demand covered by RES production AT 603% | 615% | 7% 11.6% | 125% | O 0,07 0,0%
BA % | a3,0% | Soam | 25% | 42% | naw | 00w | bom | as
o RIPI = (‘" anmual + S llnna])-"Eaml] BE 71.8% 04,9% 9,3% 16,7% | 11.1% 0, ! 0,05 0,0%

anRe | G17% | 7Rk | OR% | l0Re | 00 D% | 00%

] [Zog% | s00% | 25% | 38w | sew | 00w | 00w | 004

. . . . . @ aass | angm | osaw [ osem | owew [ ooow | oow | 00w

RCR — RES Curtailment Risk = Probability for RES curtailment in the power system 0 | »l00% | s100% | siooe | aox | aRsw | aex | o)x | Gax | o4%
DK | »100% | >100% | »100% | 357% | 447% | Siaw | 3o | 82w | 142

o RCR = (number of hours in the vear with P r..q; < 0)/(total number of hours in the year) Ji | 854% | 97a% | 113% [ 135% | 163% | oo | 00% 0.0%
BEO% | B5A% | G0N | 260% | 3% | 253% | 00% | 00w | 00%

Absolute values of the residual load hourly ramps by countries  [s [ e om [oe [ o [ Tom 7o [om oo oo

GW 3ak | 352% | SLSM 0% A% | 113% O 0,05 0%
o {99'9% percentil =38 ] [T sere | ooaw | siomw | s 1% | 4ae% | oo 0% 7.3%

12.0 ¥ GR T AN >100% | > 100% 19,3% TR MO ook | 00% 0,0%
HR 1.3% 9% 39,2% 35% 6,2% 6% 0,0 005 0.0%

10.0 Hu | swe | 1saw | 1eew | 1w 1% 30 oos | own | ous
IE >100% | »100% | > 100K | 266% 354% 3T A% 1.5% 49 8%

BO m B9,TR | 718% 89,5% 146% 16,7% 19.2% 0% 0,05 0,0%
o | same | e | 755w | 10.8n | 1a7% | 148 | 00 | Do | 00%

60 L 0,0% 0,0% 0,0% 0% 0,0% o o 0,0 0%

W | o21% | Seo% | oiow | eme | 7AM | 1aA% | oo | Dok | 00w

4.0 ME 00% | 434% | S03% | o0 5% 6,7% 0,0 [ 0.0%
. MK 92% 13,6% 18,08 1% 2,2% 10% 00% 0,00 0.0%
20 WA A3 M 10 18 L8 L0 A8 a8 OF U7 a3 o5 a4 a0 B4 &4 &3 &) &8 M| »100% | s10m% | caoow | suew | saaw | 4irw | saw | ba% | iiaw
’ o WL | o | 7eA% [ ato0m | 7 | 153% | Jsan [ oo 0% | 00%
0.0 NE eos | osm | 1zen | 2o | e ors | b (e
.2.0 1y O848 49 OF 88 44 07 A5 06 a5 42 a4 0 a3 -as 031 44 a8 ] AL ok | SEOM | 633K s W% | 126K 0,0 08 0,08
d - T 2i00% | »io0 [ sno0% | 2iax [ aes | rars [ oak | 0aw 0,3%
40 RO 1A% | 920% | 912K | 157 | 180% | 181% | o0k | Do | 008
RS 0.0 13.9% 20,0 00 2,1% ) 00% 0,05 0.0%
'b.o SE A8 TR 53.0% L1,2% a5 10.3% 1.7% o 0% 00%
sl 143 13,7% 13,3% 5% 2,5% 4% 0,00 0% [y
80 £ 12.1% 13.0% 14,3% 24% 6% 28% 0 0.0% 00%
warage | 128% | a55% 50,4% 2,7 13,1% 16,0% 0,¥% 0,8% 15%
100
120 Comment;

Highlighted countries with REPI and RCR indicas corvespond to the conditions of power systom
operating with high RES energy penetration (REPY - 23%) and curtailmant risk (RCR = 2.3%).
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RAY : BIRENOIRIRERIBL
® CD1 0FERIT. MYDEBHERTIE. BAEUREIXRINF-—FRE (BIR) MNERNTEN

v RAYOFREPIERDZELDFEEER 100% T = . . . . l Other RES
> BIxOEn 80% - -- - - R . .l :\’:V\i/ndonshore
-Bitlﬂbticﬂ%ﬁ‘é/f?\)bb“ﬁ(:%u o BB EEE e | 5o
IB7E. BLAGARBERONI0% o | oo
> E?b%@éﬁﬁwﬁﬁﬁﬁﬂ’ﬂﬁﬁﬁﬁ 20% |

-BURICED, oL EHVEE (GW) DZRAROBHE |, |
-2009-2013FOBIADIEN THIE
-20223535_CE9|}%E"](:\ %é%fﬂ 180,000 30%

mmmm Geothermie

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012  =Nuclear

160,000

Photovoltaik - 25%
140,000 - W Biomasse N
120,000 + - 20%

Windenergie

< 100,000 - mmmm Wasserkraft 15%
+ b
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RAY : BIXREKROIRIREREL
o IFRMCIE. BN (BELSEL) BLUPVHLEND, EAIOHIREIIEZHD

v BB ER2034EETICEBIRDIITHHREID50% .

i R4 WiEFBD20244EL 2034E R TORN . AR ORBESE
v 20FERICIRTEDIOGWHS180GWE T2{EDRE (GW) : REBISEEHE 2014 (SFVUAC)
v BASHRHEEIR ZE S TSOTLICEIXRDEENEHSTLD

382 4 135
3.6 b &3 i Wind -OFF
= - . % e - s = Wind -ON

L3 PV

) //2
BIXONRERSE -

— = ~ -sa en

(TSOIC& 2 RMBISEETE 2014 YFUAB) ;"'
124 165 3., AL) &t oo . - /
- — e

200 oth || . % Thiiringen Srandenburg

W Other
180 oy — Hordrhein- S // ¥ il
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— 5 Sachsen-Anhal

140 wind offshore — - o [
120 - I
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100 wHydro _ Fd
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80 el * o
60 36 12 Rhainla g 2024 2038
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o BIXDEAMGEBERNBEBIRIGEICED, E-IREFNAY A -DSHLEHENS

BIROHENITH I HBITHEEDRIE
FOEMMRE - IFEBFRELETEERD

BHHFEDTIBOMBE T FFCERE-IFOX
BEEPV

Electricity Prices and the Mert-Order Curve

Low Lavel of Wind and Solar power
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Marginal costs Marginal costs
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Demand for electricty
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o HIROMHIGFCHTIFHEIIRL  HHENMSCHIFIE-I/ATE-IDZT Ly KA EiFaE

(Residual Load) ZOiRA S0
T) RHBE - ABK. AHZOREHN CREORERCHIBNet Load)
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o HBIXFEOKWMBERMEC. EFEFEIOL—IFIREEENDSRVD, FIRMOIERESENVELRD,
FHILFSDNREBENGE

RAYVDEFFEOHB TR CoENKFRMAFLTSONOEERFEFRAICED])

v EREUREEOTI AR KRR
(FETERIDHT)

v BIROBALLOTHERIENORAERIE
AHYTZEDSRN

EEan (FEE-)
. Residual Load Duration Curve 2023

-3 AT LRI TE BIRDENMES,
2020/2025L0F% . fERBVREFAINRNE T DL FAEE
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> BEESEORABELEEOE-IN—E
(FECKRZERIAFND
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o SADSFEDBIXRDTZMEINTE., FHEHEDENMEHETR

v PCRIFEEIEHGL TWBI-OY/\ZRATLARAKTRE (ERIEHEFIFESTERD)

v’ 2010FLABE, SRESEDOH— EBETEZEE. TSO4L THNIERRREZEN EDNCEES ) | #IgTEEL
TVWRABDENHIFEEN. EHBROSCRONKEEH KRS
> LI, SCROMEEF/NFDADENTZEER O SHIERPBIROMKRIISCROVES(CRZEL TLRL

Total minute reserve tendered in the control areas of 50Hertz, Amprion,

Total_ucondary control reserve tendered in the control areas of 50Hertz, TransnetBW and TenneT
Amprion, TenneT and TransnetBW (MW)
(MW)
Grid control cooperation Integration of Amprion
Grid control cooperation [Integration of Amprion scheme founded control area in scheme
y o comprising 50Hertz,

schome founded |control area in scheme

EnBW and Tenne’ T

comprising 50Hertz,
EnBW and TenneT

3311

) i ."II 1,586

Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep ];‘ N;;Y s:: ];: ‘;;’ S:‘F J;; l:;y s;: J;; h:iy 5:; J;; l.;;y 5:; ]:; N;;, S:!P
08 08 08 09 09 09 10 10 10 11 11 11 12 12 12 13 13 13

2,064 1984

. R e Prgitive minute reserve = Hegative minute reserve
——— Pasitive secondary control resesve ——— Hegative secondary control reserve L3 pad
] ’ —— Annual average of positive minute reserve ——Annual average of negative minute reserve
average of | yeontrol reserve  ———Annual average of negative secondary control reserve

HPT)  Monitoring Report, Bundes-netzagentur, 2014
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v (ZETEIMICEEFR) TCREIBIRDFZEZRIRL., FaHOBESRMANELLTVS
> FTABNAOFARAINEESNZOEIOI0ERDH T, ENFETE LARNADFEDOHZFEL T (F @ 1t

RESFEEPROFLEA)
v THISIECLDRAE D OMEE DN

> UZIAA LRISERE A EZHIR T 3OS BEG | O, 1573 PXEmOEA

> BIXKEBEFREECRHEROEAZNIE->TRREZR LS. RNO@Ez 131>t 71T

Total secondary control reserve tendered in the control areas of S0Hertz,
Amprion, TenneT and TransnetBW
(MW)
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——# Value range for demands with the adaptive process

SBE: Secondary Balancing Energy

HiFfi ) Dena, Ancillary Services Study 2030, 2014
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Impact of RES on balancing energy demand

Balancing energy, [GW]
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Installed RES capaity, [GW]

Model: Normally distributed load forecast mistakes, normally distributed RES forecast mistakes
Source: 50Hertz

Increase of installed RES capacity by 1 GW leads to increase of balancing energy demand by 50-60 MW

HPR) S50Herz/Lt>&#)

183

RIS =R ST

1Y BIXERISTI XTI

o S TFDRFEDRZES(FEON, EEAEEISRICREITDIBIROI S I HOWEBMETHIB IR T
BRI D
) BIRICLZTT0H)
v IO THOSEDFEE G
voOEEE (1sHL) ENTFTes —
> RN ANE B DI, BBISCR (EHTCR) ol
> BRP (Balance Responsible Party)(&8 828 - B 2 6B OHER(CEK - Abweichungen v?

0. EIEOR—NIAUAPICo3 EFHER AL BRI ATV RS 7 ) e
PRICIBCENTES
v BIRCEBTOTH 15 ORISR BISAEU T TS
> BIxPMEFEGO G 00 //
BRPOBISSBIEORBRT 1~ EE -

-HHEE| :

> TSO : : Nv/
-TCRO{EFE EEETTDDROFE) . _ }}M/
15901 (JOvY) FiehoHRERS| : mr/J 2500 MW

HFT) Tennet ekss wewne weeee mESE ReLES EREGS HSEeE LS eese

184
105



RY : BIRERICHI DTG

B AN OMBELFED) -2015F3H20HOHEROFE

v BBREHCEAR RAKBEYE/ (RIVFEERI G 8 GWAEH
v BRIODIATE A-ZANT Z4R RAYDIZKFEBZAERINE TTEIETEREVSFER

BERAISTOREKFEESE(W/m2)

Giobalbest rablungsstirke

Diffus best rahlungsst Srios

06 00 09:00 12:00 15:00 18:00

=

BRASH =R SR

RAYDENS AT ATHERUEflexible 5K FEBERIRAE

S0

+ u () ~ w
(=] o o (=] (=]
L

Leistung in GW

(]
o

10 -

0

Hours during March 20, 2015

HiPR) J. Weniger et al. HTW Berlin. October 2014

185

w
(=]
L

Residuallast inkl. Pumpspeicher
Turbinenbetrieb

Last

T T
0:00 4:00 8:00 12:00 16:00 20:00 0:00

HIFf) DNV GL

1Y BIXERISTI XTI

B : AEHOKHESEFES) -20153H20HOHED

=388
a1

RIS =R ST

v’ TSOFFRENOFIESZ4GWHSBGW(CIEPURZ (SCRIFfEE (2200MW) |« TCRIF500MW1E)
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HiFf) “Auswertung des Effekts der Sonnenfinsternis vom 20.03.2015 auf das deutsche Energieversorgungssystem®, Saint-Drenan et al, IWES, 2015
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Minimum System Inertia Excluding Contribution from Embedded Generation
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Figure 8 Sysfem Inertia (H) Changes for Gone Green Scenario at 70% Wind Power Cutput

HPT) National Grid System Operability Framework 2015
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System Restoration
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® [EMNT(E 2020FF£TORMEINID33%2BERIREIRILF—THIEVSBZEZIBIF TS, 2012FH
52020FFTlc, H$&Z11,000MWOFTHRBIREFEMEFRTIERATFN TS

® ZMFER. CAISOLLT. OBIXREROEHZE CHSRBREEZHAOMIEL. QEEEEHO T IR
(Overgeneration) & SHR&HSN TS

o ATFENLIIC. 2020FERFAT. FRIFRUYAIC, DFREEZENMEEINTHD. WIROFAEENT
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= =« » sHour-Ahead Demand Forecast s fctual Demand  sss=het Demand

Net Demand is calculated by taking the actual demand and subtracting the electricity produced by wind and solar
resources that are directly connected to the 1SO grid.

HFf) CAISO
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® Flexible Ramping Constraint
v BIXZEHORUERHREZBCHU T, MERIOHIE THREUAERE N TEIREIDECAISON
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HiFT) CAISO, 2014 Annual Report on Market Issues and Performance (2015)
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® Flexible Capacity Framework
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v %:% : OABHAREBOEAILKICHSIYZITOTEBDIEKR (A TH)  QRIBABIOFZECLZEHS I
BAOINFKEBOEEOENE GAEEHDRI)
v' Flexible Capacity® ARIMERE : 35 T2E (RA&KME) +N-11HH=
v RERBERILERVIESEECESH (58) X—RNARAFREMZESEEIE

CAISOIUTTOZ>TZEE) Flexible Capacity FrameworkDfir& 1+
27000
e M HHEHELTOEIR
25000 / Resource Adequacy \“.
— 22000 Requirement !
Z (BBEED115%)
2 21000 #126,000MW
3 K\ ________________________
2 15000 ,\\ Flexible Capacity
© Requirement . =
Y/ . (SH%Faﬁjzj"’Tib/‘/ PR
i E [g‘ﬁﬁ_*ﬁ] . : 7_}(7]
15000 T\ : ¢ ; -
1234567 8 91011121314151617 18 19 20 21 22 23 24 | H_ﬁ?g??t!?_??_q"_“_‘{v / ‘CHP (O¥1%)
Hour of the Day B -
2012 =2013 =2014 =—2015 =2016 =2017
HiPT) CEC, Tracking Progress (2015) HP) =ZEHEAFTPER

199

RIS =R ST

AUITAIZTM : Flexibility Capacity Requirement

® CAISOl(ZFlexibility Capacity RequirementzXDi@D3#EL TS

v Base Flexibility : @524%%‘3(;3‘56)‘5\ FRIT TEBDRAMEDRICKEME (FIXE, &
RIVTEINYRCREUIZE . RICKERSDTEENLBEFRIPICHEETD)
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HiFf) CAISO Final 2014 Flexible Capacity Needs Assessment
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HFR) Scope of Competition in Electric Market in Texas (2015)
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Increasing Renewable Energy (RE) Penetration

NREL: Can We Really Run The Electric Grid on Renewable Energy?
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ramp ate (Increases in this period from 4,052 be met with conventional
MWWhour to 4,560 MW hour) generators

ZEEIR (Variable Generation: VG) DXRFRICTIT B4 KA\
1) BEREGRAREOME S
2) I TZEIDIEN
3) XY NEEDOAEREDIEN
4) SOTRERRBEOIEX

NREL: Can We Really Run The Electric Grid on Renewable Energy?
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ERCOT Large Ramp Alert System (ELRAS)
1;:JW
- BRI SRS B %
. AHRETRCEL. ERCOTHMEMTZT—5% | o <
FRWTHH ™
. SYTOREEBATEMIREEVGRBRCE | o et
FBIER (RATIRS) L1 |-
AMand 1 PM
o BFEOLA-IULHBIEFEBEBEEDT S TART T |
(=1B5fE(21,000MWIL EDF>T) OHESRDHE
E 2000MW
) ERCOT
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FEHAMN : BIRE R T B

® ANFEBEBOASERICIZEBIREIVIZADKIBRE(LICHIET B8, ERCOTIEFE2DLIRT > FU—
Y—-EXDBREKRZFE. IRE. MSSMEORERZENLTVDECS
v RRSZ3EHICHE :
OPFRS#H%ZE&YIL. NS HIHERONE R ES %R
QFFRSZE%IL. BREEFRAZEDELT, LDISEEOBRVWY -2 ZRE
v (SHEEHHTORY. BRAEEDHIEICISRVZETHIZ -85 TE5170)-%24E

4790-7

Regulation Regulation UP/DOWN Equivalency RatioZE A 356, X Fast-Responding Regulation Service (FRRS)
UP/DOWN (Reg-UP/DOWN) IERZEBERL UP/DOWN
(Reg-
UP/DOWN)
Response Primary Frequency Response RIREREEURZECBIRR(CHIEI2E  —
Reserve Service  Service (PFRS) RIEE
(RRS) ERSEECETZENOTH, B
S PR E D& FE(C[E11E S E 2 HEE(E
IFERIS

Contingency Reserve Service IBREZHTIODLIAICFAIENE I CRS1 : SCEDIERICESED

(CRS) [CREIPERIFEE CRS2 : SCED#ERICIENRVED

Fast Frequency Response Service IBREZITCOSMAICKIGEIAY FFRS1 : #F45thF/I1093 . BHIIERC159 L

(FFRS) IERIEE [ i

FFRS2 : ERCOTIEE DS EFHt. BHEIES
218073 AT i
Non-Spinning Supplemental Reserve Service 1BRNSI0DUACFIEDL AIGE  SRS1 : SCEDIERICHESED
Reserve Service  (SRS) I2EIR/HEIHRI e SRS2 : SCED{ERICAANBLED
(NSRS)
HiF) Nodal Protocol Revision Request 667 (2014/11) SCED: Security-Constrained Economic Dispatch
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TEYRM : ERCOTOT>S3U-Y-EXANFEDE=

ERCOTOIRITT> 33— -EXEOERF T 5C0ED,

1.

5.

RIT7>23Y-—EXDEER1990FEREF(CRFRINIHIGZRETZ2R(ICLIZEOTHD, TRTE
DEIRBIFHEBOREBEAZBHREULED TR

WIEDERCOTICHIFZFEBIVIA(L, 15¢TEJTJ(DB(DEZ(¢K3(EE§

ERCOTORIRICEFTIRE A SNZFRLILMERS D O—EB(E. ERCOTD7 >33 —H—EZD&HNA(C
HIEEREE (LoJEEM) ZIBECUR
FLUWPITO—FIEEF R UFRRDUY - ADOR B ELDBESERT 3. TNICLDERCOTIE. &
IKEDEFEEZHIFURNS RERTE3L5(CRS

SETEDNE. 1RME IR NICRI A RMBF OB M LICED. ORI —
H—EREMHIRTEBRLICRD

HiFR) Utility Wind Integration Group
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FEHZM : ERCOTOSEDASTOY

® ERCOT(E. KEDRENEBHOZRFE A ODWTHITREEZITOL

® ERCOTT(F. EAFRBOLIETIRINFRET IR ERBB TR DEZHIRT 5/, ELENF
E210~1573 I 2IEBEB TP —ERZEAL TS

o (SFEEZHHTU DO DIKUIREIIELATHI- I =), ERCOTI(ZASOIELEZ REL. ROSEEAND B R
RETLTWVD

. Synchronous Inertia Response Service (SIR)

2. Fast Frequency Response Service (FFR)

3. Primary Frequency Response Service (PFR)

4. Up and Down Regulating Service (RR)

. ) ERCOTORFEDT>SSU—Y—ERHiE

5. Contingency Reserve Service (CR) .

ERCOT 2015 E—VEE 69,877 MW
i)  Utility Wind Integration Group BEEN e (10%) : 2.700MW

—IREREISE ; 1,300 MW
B&hE% (Load Response) : 1,300 MW
Regulation Up/Down : 500/500 MW

(August 2015 Requirements)
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® ERCOT(cHIFZ7>>3U—P—EXDERK
RED7YSFV-Y—-ERARS RERD7>S5Y-5—-EARS

Synchronous Inertial Response

SIR
o Bs 'm..r-;
Responsive Reserve Service from Load Fast Frequency Response (need to hold for 10 min)
RRS, (1400 MW) FFR
005 1h houns 005 10 min ih  hours

Responsive Reserve Service from Generation and | Primary Frequency Response
other Governor Reponse.

ARG, (1400 MW) PFR

/ /

01155 16 1h hous | 01-15s 1Gs 1h hours
HiFf) ERCOT Concept Paper:
Future Ancillary Services in
ERCOT
211
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TEHIM : BIXERICT I DN
® ERCOTI(CHIIZ7>>3U—P—EXDERK
RIEOT>Y5U-Y—ERES REDOFYS5Y—4—LARXS

Regulating Reserve Regulating Reserve
Reg Reg
(400-900 MW)
0 465 Semin 1h  hours 0 46 Smin 10 min hours
Non Spin Contingency Reserve Service
Kon-Spin
(1200-2000 MW] CRS
//
[} Smin 30min  1h  hours [} Smin 10 min 1h houl:s
Make-up of current AS Make-up of proposed AS
Non-Spin
1R RRS, (1400 MW)  RRS; (1400 MW) {1200- 2000 MW) SI FFR CRS
Response PER
=) ey
(400-900 MW)
00.5s58s 16 Smin 30min  1h  hours 00.5s8s 16s Smin 10 min 1h  hours

HiFf) ERCOT Concept Paper: Future Ancillary Services in ERCOT
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PIMits : BIREADFZE

o PIMEAR1IMOSE1MINBIVIOEFRIXICEVNTERRA RBIREABZNMEDSN TS, CNSOBERIENT
BIzIC(F2028FEF TICPIMENTHI3,800 FKWOB AT REI R F— DB ANNRELRS

o ZOFER. E—/afEks, BamRRCECGRMOBERENFRAEL. X TRBEERCIDEEIX MMEIMU B T B
ORISR EORENESEEZAND

®  UNURNS, Bttt SRIFRECERMNEFIRRD, LIRICHDBLSBEDFESN TR
o ZOHEHAELTIE, D2028FICHIF2EREBTERICH I IBERBEIRIF-DEIEM1~15%LENCE, @QFBAEPIEEL

FINF-OBABPINEEIICLEEIIAN L, @SEROEIREABFTEFEBHSIEESREFTNIIEL TLSIL, BEN
ZZ5N%

KEOMCHIBDBEITREIRILF—BABR EFEEHMACH 2B B FE A ERTE

=%
[NMT: 8% by 2015] [USW: 30% x 20285

e
29 states +
- DC and 2 territories have
[l Renewable portfolio standard Minimum solar or customer-sited requirement RPS (8 states and two termitaries
Il FRenewable portfoliogoal * Extracredit for solar of customer-sited renewables have RPS goals)
& Solarwater heating eligible +  Includes non -renewable alternative resources fMarch 2013

AR BRRFEECH I BAEN RENER R UB AR RE IV F — OB AL RGER MR _E DR - KA SICOVNT (BMER. 2014.12)
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PIMitills : BIREADRE

® 2L, SEROBIROFHPLFEBFIONELLEDIRRICS TR, BROBIELYZRINEUSRIREEN DD
® PIMERIFEREHBZFER(CEML . RFEREREERZUBVEI24N B ORMRETBTOTRAZERL TS
v 120RABA)  5EH (SR1~55) ORERETE
v 24PRABAI  REI (SRRASELIRE) ORMETE
® PJM. NYISO. MISO. IESOD4D0D ISO/RTODERARTRETZTY—AIL—TERCOVTE., BEHEZERR(CLD
MERFESN TSN, SEOBARJREIRILF — DB A PFEBHELE TV, ERROBRMEINITZURINGS
v EIREEREITIELEIC, BIRE LD E PERRDIERFDM R B ATINENHD

PIM RistEIOTOER (240 BH4A)L)

Year 0 Year 1
Dec | Jan | Feb | Mar | Apr Ila¥| Jun | Jul | Aug| Sep| Oct |Nov | Dec | Jan| Feb | Mar | Apr |May | Jun | Jul ;MlzlSen Oct | Nov | Dec | Jan

Year § base case Yoar 7 base case |

24-month long-term Study Cycle

n,.; i /[ o <—'

r Mew oad forecast
Latest queved genecation Newly Latest queusd generation Newty
Latest generalion fetirements approved RTEP Latest generalion relirments approved ATEP
Latest queued merchant transmission upgrades Lates! quewsd merchant transmission upgrades
Latest DSR/EE from RPM Laest OSRIEE from RFM
Latest Transmission from RTEP
__,/ Input to
> retool
\ analyses
12-month near-term Study Cycle _
Year 5 base case R 12-month near-term Study Cycle
Year 5 base st

HIFT) BCKEEECH I DIAISE RENER R UB AR R IR F — DB A (LS RETERARAZ AL L OFRRE - KAt iSCOWT (BHVES]. 2014.12)
PJM 2015 Regional Transmission Expansion Plan Report (PJM, 2015)
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PIMiiis) : BIREADFE

® Hoth. 20265, REIRICTIEIARBHARVRNDDEIEN30%IGETZT—AICHNTH., FfE1,500MWDRegulation

DOBNNFHERFM37TERIBHORFILTTZITOICE T, RIREFEE (CRERMEFEURL FRIRDRegulation=Z (FEE
f51,200MW)

® Ffz. Operating Reservelc DWW T(EBNIFAZEFIHEELVRVERIAFN TS

Load 2% 14% 20% 20% 20% 20% 30% 30% 30% 30%
Only BAU RPS LOBO LODO HOBO HSBO LOBO LODO HOBO HSBO

Renewable 2% 14% 20% 20% 20% 20% 30% 30% 30% 30%
Penetration in PIM

Onshore Wind (MW) 5,122 28,834 39,452 40,942 21,632 32,283 59,866 63,312 33,805 41,127
Offshore Wind (MW) 0 4,000 4,851 4,851 22,582 4,026 6,846 6,846 34,489 5,430
Centralized Solar 72 3,254 8,078 8,078 8,078 16,198 18,190 18,190 18,190 27,720
(MW)
Distributed Solar 0 4,102 10,111 10,111 10,111 20,294 16,907 16,907 16,907 33,823
(MW)
Total (MW) 5,194 40,192 62,492 63,982 64,402 72,746 101,809 105,264 103,391 113,650
Regulation
Maximum(MW) 2,00 2,018 2,351 2,507 2,721 2,591 2,984 3,044 3,552 3,191 4,111
3
Minimum(MW) 745 766 919 966 1,031 1,052 976 1,188 1,103 1,299 1,069
Average(MW) 1,20 1,222 1,566 1,715 1,894 1,784 1,958 2,169 2,504 2,286 2,737
4
%]Increase 1,5% 30.1% 42,4% 57.3% 48.2% 62.6% 80.2% 108.0% 89.8% 127.4%

Compared to Load

HF) PJM Renewable Integration Study Executive Summary Report Revision 05 (GE Energy Consulting, 2015) D= Z#&TAZTFIVER
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PIM | BT RE R FDHTIE

o HBIRBASIKICHD ARV —23>ORBE{LES AT AR AROER MR _EDRHDTTERMRETENTNS

v Regulation reserveDEMZFEE : —HRIOEBEFAICE DIV TRIH M CRegulationZiELZ. 1-2
H%F'eﬁﬁﬁ@%sag NCED WU ILIA LTiita TOFBEICKIDFEE

BIHEENEIEONE | BIRRESO4ERERTFAZAVIGHBORBKELS). BIfRESO1HATT
/,HJJ(D# &

v Spinning ReserveDREELTOIRIIF-ETERUT Y RUZRZ
v BIFRETI> Mramp-rate limitd@E Lk

- =) s, = i i *
U754 hdDRegulationFHiEERETOTR - - Ramp Constrained Units# =
(FZ BRI -2 F=-%R 1 Ramp-Limits =2%/min®s—2 )
Generator Ramp Limitation Comparison
£
Short-Term & ’
Wind+Solar ——{ ¢
Forecast E 100
Total Wind*Solar Production in PIM, MW
80
Day-Ahead Real-Time -
E Reserve Adjustment of Reserve
Da;-Ahead i /\ Commitment Reserve Commitment
ourly —a 20
Wind-Soler | § (12 hours shead)
Forecast Total Wind+Solar Preduction in PN, MW - 20
| J \ J
r 0000 02:00 04:00 06:00 0800 1000 1200 14:00 1600 1800 2000 2200
Day-Ahead Market Real-Time Market e Ramp Constraints - Original e Ramp Constraints - Fast Ramp
HiF) PJM Renewable Integration Study Executive Summary Report HF) PJM Renewable Integration Study Executive Summary Report
Revision 05 (GE Energy Consulting, 2015) Revision 05 (GE Energy Consulting, 2015)
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Z1-3-IM  BIXEADFE

® The New York State PSC(320155F(C KB D30%Z AR REIRILF—THIE VWS BEFEERTEUL, 2014FKRFRT

(. $925% D BARIRET RILF—TEEHNTLS

o FANFEEB(COVTIF. 2005FN52014F(CNI T, =iBEE(F48MWHS1,730MW, FEEE(F101GWhH'53,986GWhIC

=) (1[0
® 2010 DONYISOICLBHAFT T, AN FEERIFEEN'S,000MWEL T THNIE, RIFEBEICERZEZREIRLEEN
w3
NYISO RHFEEE (2003-2015) NYISOEA BifF-stERDFEEPIEH
4000 386
3,541
3500 1
3,060
g 3000 2,787 |
‘g 2500 2,533 a ] | |
E 2,108
E 2000 | a | | |
a0
(-]
1500 1,282 B B B B B 3
518 \.
500 | B B B B B B B B 1
103 12 101 Existing Megawatts
° 2003 2004 2005 2006 2007 ‘ 2008 2009 2010 201 2012 2013 2014 :'y Propicsed Megmwircts

HF) Power Trends 2015: Rightsizing the Grid (NYISO, 2015)
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Z1-3-UM : BIXREADEE

® 2010FFMDNYISOICLDIAFT TIE. RegulationhEE (L, EHFEEDOFREEN,000MWIENINT D E(C
(4,250MW~8,000MWODREICHBNT) . #I9%IENNTBEETE

o ERFmACEAULTIE, BMFEZHELLR

BENFEEEA(CLBRegulationnEEDIENN

HPT) Power Trends 2015: Rightsizing the Grid (NYISO, 2015)

?;ZEE A n NV r\\ AA n n M
Sl W VAW GV A WA\ VR AN/
B J/ ANV WY YRS Y W AWY WVAW RN

- | W
S wawav=

10[} AR R R R R A R R R R AR R

Q@Q “?'Q’hszg’\a@Q?@&@ .a?;\ ‘Q‘Q’b@%\\@q’\b@@m\ ‘z@"L \gg\&.\'b‘b%(\éb@ ﬁ"fb &%%Q;:b%%@&,ﬁ
I Aptil - May | June - August | September - October | | Nowermber - March
| —Curment Req. —— Req. at 00O of Wind —Req_ at B000MW of Wind |
iR 2010 B AET—X JRAR 1 6,000MWT - &R : 8,000MWT—X
(2018%Ffm E—VFHEE37,130MW)
HPT) Growing Wind Final Report of the NYISO 2010 Wind Generation Study(NYISO, 2010)
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Z1-3-IM  BIXEADFE

® 2018F( BT =8,000MWDRNFEENE A NI RZIRTEUIAFL T, &5122,000MWDEH -
KAHZANDFEBHNRANRE(CESRISNIEETE

® il Ak - RAHAREILAREIFENDRamping Capabilityld. Net Load Ramp(lx U T+ THdE
anre

Net Load Ramp&U

-mi (5% i
5-minute Ramp Event®ERMAnnual Duration Curve (LEMRFEBORamping Capability

600 6000

400

——

200 —

LT
~~

=)

401 E01 1201 1801 2001 2401 2801 3201 3601 4001 4401 4801 1 6801 7201 7601 3001 2401

‘‘‘‘‘

MW/ 5Min

-200

Ramp Rate ( MW / Hour )

400

-600 20
Hours

= Load Ramp — — — BD00 Hourly Net Load Ramp

— -—-Net-Load Ramp -—— B000 Hourly Thermal Ramping Capability

HiP) Growing Wind Final Report of the NYISO 2010 Wind Generation Study(NYISO, 2010)
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4, RFEBAKLEFAOI IR
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ERI : ENTSO-E(CHIF DR ZRFDXT L

o ATROITEVPAERBEEREDRHRBINFELET DL, BIRONTOANKIRICZ(L T D20, BARERK
HOZBNERBSRVWISCHIEITEINENDD . CORIIFOFTAE/N T ADERFCOVWT, BREEFOXTIHOE
A=) OMEIL T OESD

v IBROREIRY N —IIEGINZREIZVNREEEN=LEROEEER HE2 %2R0, AR HZBVTRKEHHZ{TRoTLS
v HIEETROLSCENENIFIEORRZ —EORATYIHSEBREN THD. FATYVIEEWKFEREMR(CHS

mean value

Restore normal value

0

Dt
RECGUENGY

)

Limit Deviatio

Free reserves

PRIMARY

Activat after outage
Free reserves—|
| Activate | ‘Takeover P " S Correct -
If responsible If responsible «-Free reserves—

Sched.fl Directly
L—Take over act. TERTIARY
CONTROL

[ me

Activate on long-term CONTROL
HiFT) ENTSO-E, Continental Europe Operation Handbook
https://www.entsoe.eu/fileadmin/user_upload/_library/publications/entsoe/Operation_Handbook/Policy 1_final.pdf, p2
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BRM : ENTSO-ECEH TR SBFORT G

o | ERDREIREHIHORDDOEITYI (& TRIOLIICENTNERDRRITZH/-LTWS

o KIBREIEEUR T 2B RMC oSS, Primary Control Reserve NEFLLUAICEMEL. HtL\TEL
7 EAA(CSecondary Control Reserve N'&1/EL. &5(CTertiary Control Reserve W EITHEK

o FIEAERRECH I ERMEIREDRENKEOILGE LA EEMNTRNNS

® ENTSO-E (UCTE)TI&, BEnEMOERCOVWTIATOLITIERLTLD

v OEEERRIREECB VT, 2R 3,000MW DREBRENERULEE TOREIEE N —(CLoTEaRERERZITSERL, Primary Controller
DOERENMETHEINETHD

v BEBEEREROSE—EREORIER 49HzEDERRARVEIICL., BRI BMEF TR T UIES(E. BRI A—(CLO>TERED10~
20%ZR{ERE L THEN G FEREMZ 1895 . BEREMZITO N —EIREITHZIVT OEZEiEZ B I 2TSOV B [CRE . ZFTSONE
BT CHBNR OIS DAENEMZZAURIINERSRV. 85, M —EiKEE48.7HzH2\348.4HzT 5> X Tld48.5Hz8%
L\348.0Hz) Thd

v SRTLABEENESSIR T URBE EEEERUERY NI —JEANICHBETS. COBE. BBDRYRNI—ITEEREBLRDIFEICH
RN ELZIBNNDD. DIz, BB 1Y NI—IATIIEHREEICIEBIH I, EIEEICIHU TR BN — 2 SEZETEEEE5C
LICEDTEAT LB Z DRI 2ENDHD

UCTE-wide activated Primary Conttol Reserve

] i Activated iSecondary Control Reserve

Schedule activated
Tertiary Control Reserve

H \ Directly activated
V . Tertiary Control Reserve

HEE i i Titre
HF) ENTSO-E, Supporting Document for the Network Code on Load-Frequency Control and Reserves ,
http://networkcodes.entsoe.eu/wp-content/uploads/2013/08/130628-NC_LFCR-Supporting_Document-Issue1.pdf, p110
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BRI @ ARURBERKLEFAOI TR

® [RJNE{K
v BAKECEME. NI, IAD, KE, &, &R-EE. TEDRENSEND
v OSCEEN'BARKERNEHRYNI-IDEHIE (Best Practice) /\>RIVIZIERRT DL
Workshop TRz (201457H)

v BEERMEROEROEE. MISRETOCAD AN IZRENEHEINS
BIRENCHESINSOXRE. BIROTBAOSALNAE
%@E%Iﬂb@ﬂ%%ﬂf\d)ﬁﬁﬁgﬂw%gli(i\ SURRBIFTISIRIZII TR R[URZENERR(CDOLTO

\AER
EEIROEZNFEOZE). FEitOcEZE
fEmlc o T, FE., XE. icEE
SURICEASNBRVWEEBNHEIG - AT LMRE., - AE-ID31R, BEDIENXTER
BAKE(CLHOTAETESINSCascadingz TP 26D FwD)> I DB

ANERN

AN NEANEAN

7 OSCE (Organization for Security and Co-operation in Europe : BRI Z2AR[E 7 H#4E)
FRIN, FRRPZ T AEROSTHENS SRR ADIRLZ SRIEHIB THD, BUG - Z2RE. BF-RIZ. AHE- ABIOOVTO
BRRBORHIC, BUANHBERLBRREDDDIA-ILZRHL TS,

HiFf) OSCE
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BRI @ ARURERLEFADI TR

® CRISMAXDIEFESFUAET I ZER. =1L -3 %17oTWS

BESFUA ROV TOZ0ORE : 58E. J50A, 2010F2827H28 HELILINSE EPTEBDIE A
F, BKRE BREFRVIK  BICBEKENSE, A, AHURELY
HIREE SURZES)., EDSRECEDA
FROKERRENSL)
>31l—33>  10,000km2(CA26,000 A
fER RN\ S=XUROT, MEDIEX
TWa,

B OBCHEHIREZITL. EIK
IREREERCER., BIHEK
EFOREFER. ABJER, B
. STI- ELTER (B
1) oEVS

Z0fth SRS RIKDITFEO TR I8,
BRI LRH LDFREENEIR.
DenmarkDFEE £ (D E
[CFEOTLBDT
Interconnector®ig sk ($fEk&

(BEOBRKLENFEKX) .
ESHHRCLIEDIBE.
Denmark(3E %z —&F(KS

¥ CRISMA : Modelling crisis management for improved action and preparedness
2012FE38~201558AICBVT. RMBEROETRIL—-LD-IT0J35L (FP7) OmTEMEINtF1)T12T—<(CLIZTOIS A
HiFf) Crisma http://www.crismaproject.eu/
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BUTAIZTM : ERHEEDHGERETE COERE

AL ESPASEHETMTOZEE®E | KET(E. NERC Transmission Planning Standard 004-0a System
Performance Following Extreme BES™ Events(C&D. ZISOFAFUEL ENRAEUIHEDRRNDE L% EHARI(C
DTS 2ENGDDH . FEFIR (mitigation measures)Z2I7 R - EITIIRNE(FRV. UNUCAISOIVF T Y2 I3 R

AL REFHZHEL . KEB(CLDEEBNREUIZEDEZENARENIENS. FRRIORIAFRLECOVWTZDURY -

;Ef >IN MR EREL | RIh DB SR Z X EBHEIR &5 TiE(Transmission Planning)[CHEAADEIZN'$D

7 : BES: Bulk Electric Systems

BESFUA : CAISOTIE, KIRMEKLELLTH>IF>OSATIVUFT
OAMEZBELTWD. SEI0FLUNIC63%DHEERTYI ZF1—R CAISOTV7 TR A i
6.7 L OMENRAL. IRFOEREREZERF CERVIBRENE o S AR -

A I30)aeziEEL TV

FHEEAE  IRF AT, BHA - SBHAOMHEEFERE ST (C A RRAR K
E(FHEAFAFTFNTUOR, Fo. XBHRETEICO AR L E TR
(RFERALE) ([FEHAENTLR, IRTEG. FRFHIZHFB(CPUCK

E) BBZBAHBNS, KRKEEDUZRIEA >IN\ M EDTEERICFE

fliL T, BFEXNROBRAXIRZ DI DM T, RETHITHN TV

)

HPT) Revision to ISO Transmission
Planning Standards (CAISO, 2014)
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TEHMN  ERGESPHGEREFHI COZRE

R ESPHRIGEHEETMTOEEEE | CAISOLEIRC. KEMRKEENRLEUIZEDRRNDRZE% TEHIR(C
DT 2HENGHIN, FEFNER (mitigation measures)z2I7Z - RITI DINE(TR0)
IR PORIRRECLDHGEBFD. REFTOBRE ZHEERREDET DIHDERCOT Emergency Operations Plan%
20144F(CERETU. TEREDERZEALTVD
v ERCOTICREBNOERIERZ(TS (BEXIRIFOKIEERTS>DETIRIT)
v FBPICEmergency PlanDIIR%ZIER (OBEEKIRRFOXT ISR OB EE KR DEELEFRADI RO BED
IKARBADBE2MIGER@OBEEER (MNLR—R)\UT—>, BEZE. T|K. HK) AOMISRDIIEOEZ20FCF
AEZART =Y OREIREITO B 2BFDDual Fuel3diEFEBFRICHUT, SIEERE S5>)

BESFVUA : ERCOTT(E, BV -/ \UT—> - BLWEIKICLDBENKAREBICLDNAFEEFROE L ZS ) ALLTE
LTS

B  HETRTE REA- B0 ERE FHE CARR KL E (FHHHAATNTORN, T, XEHIRESTECE
ARRLEIR CRIFIEMRRE) (FHEAFAFNTOR)
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PIMitis; : HERMEEDHIGEREMETOZE

o MEFRVHEEPMIGEHETMTOEREEE : KET(E. NERC Transmission Planning Standard 004-0a
System Performance Following Extreme BES Eventsic&D. BISOFAIMIELENREUIBEDRHNADFE
% TERRM(COMT I ZEN G, FBFIZR (mitigation measures)&iIZR - RITIIME(FIRV. UNU. PIMTE. BE
THole2014F(BEU LOEENFEUCEZRT . BEERHNSZDIZEORF ZHIAL. ZE0OMIGEREETHE
(CRBRS DR

o MEFESFUA : PIMTHE. XARRKELLT, BXIZ (BB BE. )\UJ—>. B, BERL) | LA, hESIEEL

(Geomagnetic Disturbances) Z8EL T3, X T. BESICX I 3707 APIIETABIEEL TV, INSDOK

MIELEETNTNITTU. PIMPERNREM R - FIEZEDH TS

o FHMIEME : IREFLTE, REA-FEHIOMHEEREESHMCRARE L E FHEHAFTNTOR, o, XEBRIRESTECEX
MIRLEWR CRFUBMIL) (FHHHATNTLRN

PIMICHIF BHBESUBELDFEEEL

25
20
15
10

5

bﬁ
Occurances :

N 2002 W 2003 W 2004 W 2005 W 2006 ™ 2007 ™ 2008 = 2009 ™ 2010 = 2011

0

HPT) Fundamentals of Transmission Operations (PJM State & Member Training Dep,2014)
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Z1-3-7M R ESPHGEEEFHME COZRE

o HEFERVEEVPMIGEHEFMETOERBE : KETHE. NERC Transmission Planning Standard 004-0a System
Performance Following Extreme BES Eventsic&D. BZISOFARIRMELENREUIZEDRRNADEEZ TFHAN(IC
DTS DENGDDN. FBFIZR (mitigation measures)z2i7F - EITIINE(FRV. UNU. NYISOFEEERECHNT,
IR BERREHRRREZMZEBULNA=F1 hB0 RN - FIRNT —AZ1BEL TV, £z, NYISOIUT T,
ITEDIEE  BEBFOE —VEEIR K (IR TIRM. 20126 (CRERERC_EFEUR) VT —> - B T/ LBEENS
FEZ . EBARZXEEIYESTiE (Transmission Planning)[CHEAHADEIZN'GS

o EFEIFUA : NYISOTII, AIRIELELLTIRZE - R NYISOIUZ([CHWOEERIMNFELEL TVBIXEEE
KZORME, BFELETELTVS .
o FHMEME : IRIFLTIE. REA - FEHADMISEFEE ST

(CRRUEL B GHRIPATN TR, Fo, KBHZE
STEICEAMRNBMR CRIFIERLYL) (JHBaHAF
NTWRWV, BRIE, XBROLER X BB OIEA
SR EELBIROEM, Y1907y RORARIREN :
BREENTVS =

HiFT) Power Trends 2014: Evolution of the Grid (NYISO, 2014)
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5. EFPXBRIGXEIDIN-V
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RRM : BEPXEBIRCGGREIT DIV

o HNEDN-SUICHHITZEEEFFEN—>2 (TRM:Transmission Reliability Margin) HE¥EINT
(AY)
® N(F—IRIABNEDIRFAERDOEREEZERUIN -2 THOIFREIT/NEL)

BRI (CHITDTRMEZEDEIES

« XEBEEEY—-T> (TRM:Transmission Reliability Margin) &l TTCEEMBICHERIANER TN T DL ERETH D AEEME(EIA
T@%’l‘%b‘BEEUé
EEHIEICEER 9 2R OFIROERUR VRS
'JT’J VA4 ATARRIOFEAEAIIEIRTIC KT T 212D TSORIDEE S ERA|
T 9”2%‘\)5131'/&”%(;35(«15 Z—J—.EEEé
« TRMOMBERFETSONENRELERDEREZRIIT2HEE TARDD. TRMIEZEEICLDZIL I ZRIEEMEN DD, £z, EARMRICAZEN
HNET7YIT—-REN3

* i N L
NTC (Net Transfer Capacity) : —DOMiGkIERAESIE] i act T
RXBBFE (NTC=TTC-TRM) . = —te— Transfer
] TRM (Total Reliability Margin) : ZHREROLELDRD E L S LT'E’:&
[CHERENZXES= p_—
B TTC (Total Transfer Capacity) : ZD0OHiBRIRAXER Asc ¥
b@";é\‘"é e NTC =T } m
ATE i fle BloA)
EAEFEDEI X r Tam ||
B AAC (Already Allocated Capacity) : ERBIZ(CEoTITIC
FREODHZXESE . v v 2
m ATC (Available Transmission Capacity) : NTCORZZER Planning Allocation
S|EJHERERE (ATC=NTC-AAC)

HiF) "Definitions of Transfer Capacities in liberalised Electricity Markets", ETSO (2001)
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RRM : BERXEIRCGEEIT DN

TRMOEH DL “Procedures for cross border transmission capacity assessment”
(ENTSO-E)ECSE#aNTLS

EiRZ1ET 5 TSOFTRMZZNENERTE I DIEMN'SHD. TOEFEF 2 1E>TLS. HIZE NILF—DTRM(G
500MWETSONEREL TLS

BAVFIBEL T TRM> — RS /HEREEELE AN TES
5 RA4YTIF 600MW/15,000MW T#I3%

3%DTRMIEERNZAF TR RYDTSOICI O TERBSNIEF
BTSORENTNRRBBTRET DN TED

LFEEDENTSO-EXE(CENTC, TTCETRMOFTENGEEESRIFNIERSBRVRBIZIRARTWSH, N5
YETEDEZIRATLVRL

I : https://www.entsoe.eu/publications/market-reports/Documents/entsoe_proceduresCapacityAssessments.pdf
il ESFEDOIEB TR #,
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RAY

FCREDDV BV - LSNIOERRE 22 AR NI RLEfESLETERW SHaERIEICIEE

MERIGE . FHRA > NARFFI 3 TSORID

HEIICHHES 2T LS IRl B )]

EEIEERES S KA «  ENTSO-ERMERRULITIL—IL

CE T AT R N—=22(TRM) o REERIETORIOTVESRTLO—IRFARE

LA NORM-IO-%FTEECT B

BRRSRIEH. BaR TTCD3%

BLRESFUAICEDE,

BAR7IO-FTE (W

EM, JO0-R=2)

ZDIEE . BRICL-TES ENTSO-EMDCodeT(EINTCIEIATENITEHE

N (2RF EPUN A N (BAHEE]) ([Cfttsen., EiRz#R RO

TR S Te) SARICROESI TR

N BHASEMHEOHTLL T TO-F Tld, Hats
HICEIBR®ER R S 3EEN S

S JOvIHA X (EEE TR
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HIITAILZT M

® MINEEWRKETE. ¥Y—2UdTransmission Reliability Margin (TRM)EFEENTLVS . TRMOERDIR (L. NERC
Standard MOD-008-1THRESN TV, T TIETRMZERTE I DEBHANRIEENTLSH. TRMOMEEETE AT
BZHFIV7OFHECERSNTVD, ZHITEHTIU7ETRMZ, BAZITELO13NBARINSEIH-HE (U7IL51L) OF%
EXPETETEL. ARURIINUZRSR
® RBN—T2ELT. TSONERT ZTRMOARIC, /NEEBEBENENFBEDHC. BHETLUTNSOMIE 172 F ORI DI2HD
Capacity Benefit Margin (CBM)W'EEY 3. CNid. B IUFHROZWREBFIMEIL I IHEEICHA T, /\wI7yFELTEERN
IBIBETHd. CAISOIUT TIECBMIZFRHSN TR, PIMEMIVF TIEIRHNTLS
® CAISOTI(Z. Fie3ENERICTUTTRMOFEENTRHSN TS
v FHEAOFTEIMS LT K BREC SO TRIER (L ENH DRI RN D IZEADX G
v RBENOI - TERBEEADI G
v BHETVU7(CBII 2R GEENEE2BE I B GEIENDITIE
® TRMBERBEFCOICSKEINTHD., LEEOBRMIFIHE(EHBHOFEEINZIHEEIC. CAISONRTE T . sxE=(d. £
SREECIOMBLRDZBTERT —X )\ - I—XTCAISONRELTHD. HBHIICTRMBENRESN TVSZERTIFRRL
o ZEIHF=E(ATO)L. ABFEHK . LEEHFK. EEFIKINSFTEINZXESFE(Transmission Transfer
Capability)zHFmELT, ATC= TTC-ETC-AS-TRMTEEIN S, TRMOMEBENAZTRBNE, FTATCHSTTIES
N3, ZTNTHEAREIT3HEE(E ETCTRAINS FHRISNTVSEKIDS5InterruptibleREDNSEEBRUL T THE I %

ATC: Available Transfer Capability (ZTEHE) o
TRM: Transmission Reliability Margin (TRM) e —
AS Import/Export (7>335)—H—E2EHASTE e | |
TTC o
ETC : Existing Transmission Commitment 2¥IES£)) B
HHF) CAISO Open Access Transmission Tariff | &= — <_1|
233
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THFHRM

® TRMOEXTEICfRDEIENERCE%E(L, ERCOTIVY TIFEAINTLEW, ERCOTTIEBHETU7EMESR
IRB 2D TIRASNTHD, BEARNCHEIRSTEFERCOTHRTHUDE TIEASNTVWS (5 HELTOE
HEAL, BHEIUTHS0OZBR TR - REEFFRADOFEEEINTLEN)

o IR VU JRAATE, BHETV7EDBERRC—EDN -S> 258 T BAOREBEOFRFRECHEU, 7]
BERPRDZ DRI ZIREETE TV, EDTETHO, HBRIROTTFRIFRZENNEVEHIBATNE 2DV —
TUFRABENTVS

® ULHU. EECIEMICOWVWT, ERCOTOFRERNEA THEERZES LI RB N O
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PIMittii

® PIMIFTRMZ. BAHZINELOI3NATINSE. BIH-HH (U7ILA1L) OBERETEHEL. /KIS
® PIMTIE. TEE3fDEH(CIUTTRMOEENZRZHSN TS

v IBENDI - TEERADI I

vV BEFAOAHEEEADIT G

v REEBOZE}OX G
® ZEEF[=(ATC)(E. Available Flowgate Capacity (AFC) ZZ#aL. EF3N. PIM OASIS EICAFTEND

v AFC= FR-ETC-TRM-CBM

v' ATC= Minimum {AFC,/Transfer Response Factor, «---- , AFC,/Transfer Response Factor}

ATC/AFC JOtZJ0O-

AFC: Available Flowgate Capability

TRM: Transmission Reliability Margin (GXEBSFEEY-IY r -
FR: CBM : Capacity Benefit Margin (&% Y—-I2) e ‘ —
Flowgate — | l

rating . Base | sm, e [ arcioate N
Py P : o oo’ w saies onverter
ETC : Existing Transmission Commitment G2#IiESE) o] = o

Transmission and Generation
Itercegenencs

—
2
E

HFf) PIM Open Access Transmission Tariff
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—1—-3-IM
® NYISOTI(&. NYISO Tariff Attachment CRUTRM Implementation Document(TRMID)(CT. TRMOEE 5%
HEDHSNTLS
v TR 4BOEHCHUTTRMOEENERHSN TS
EENDI—TEERADI G
FEFROAREEEADI S
BiES 2T LADORRAZ EEADIT I
> BHETU7AOXBFRRBADIT IS
® NYISOITRMZ, BHZHELO13NARINGE, BIH-HEH (U7IA1L) OREETITEL. AFK IS, — i &
HARYRTRMIE, RIETISZEREU7ILIA LATIE TRUSNATRMEDEREL)
o ZEEH=(ATC)E. BEEFHIK. TEEFIK. BEHFINSETEEINZ2XESZ(Transmission Transfer
Capability)zHFE=EL T, ATC= TTC-ETC-CBM-TRMTEE2EN S, NYISOFCBMZFETEL TLVRL

REFMBTRMARUFCBMODERESE
(20155 5 B19H:%TE)

NYISO Posted Interface Names . _TRM _ CBM
Transaction Interfaces - non Scheduled Lines

Y V V

ATC: Available Transfer Capability (ZEEEE)
TRM: Transmission Reliability Margin (GXEESFEEY-I)
CBM : Capacity Benefit Margin (B2%&Y—J2)

‘ransaction Interfaces - Scheduled Lines

TTC

ETC : Existing Transmission Commitment GZfJiZSE))

iR NYISO Transmission Reliability Margin(TRM) and C.:apacitydBenefit Margin
(CBM) Used in Determining Available Transfer Capability(NYISO, 2015 )
236

131



BRASH =R SR

miaooE, TR NEROERTE

o
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FRM 2 RAY (50Herztt)

o ENIRNDHBIEEGODHBIRNDEANMBLEINZN, ERELU TIFTXDZHDEREH+ 3 TR
W EEGD2ZIET. ZDXILERN 9D,
v 1P (Grid-related actions) Tl(d. ¥aEATN SRS ZIRIEL CIRZZE XS
v ZB2E5PE (Market-related actions) T(EMIZATT AT D, BhiiEithise DEHRLEDSMEZHIZ1T,
v EE3ERRE (Curtailment : HAHNEI) T FERERBHLDSUCHBIRFEBHOL DINHEIZITI. BE(CDL
TIXEEGICEDE. MENNELRD,.

I
[ § 13(1) ENWG m
Grid-related actions Market-related actions

Aokatr || D= JBA|| b T

Eg Eq: Eig:
+ DC loop flows = control power - Local convectional generation
« grid topology * Redispatch and T
countertrading » Local RES generation
+ voltage level ! curtailment

Cross-border redispatch
Curtailment in entire control
area

Load management of large
consumers

Curtailment of conventional
plants up to technical
minimum
HFr) S0HerzILt> &R}
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BRM : AJLF— (Eliatt)

® Eliatt (N)LF-)

v' FRRm_EF : COY—-EXDFEEN(E [-200mHz, -100mHz], TE&H3H', ZZHECEL TEIART-
200mHzTH#e9 5. TEMIGBELES.

v FRRM U : COY—EXDFESNE [100mHz, 200mHz], Tld&HdH, ZZFZ(CBLTIEINRT
200mHz T T3, ME—DEHEE(FEIaliZEHiU CLBREBEEONR-I0-K,

{ Eliatt 2018&E0EELD
.« FRRM_EFRES : 1078-1321MW : EIH—RKITYN HAF—E>, TSOTUy RCIEHL TLBLIMT
’ AIREREZENS, 201 25 EE(F850MW LR BIAED350MW

Lo FRRM T IFESE : 1138-1348MW : 2013&(CLEAR700MWDLEND, BIROEINS LU, BRP
i (Balance Responsible Party) (CXUTflexibility Téd T ABADA 2> T4 THFTD TIIRLE
i 8o FFRICEFEDBA > T1 %R\ FDE

:\ HiFR) Elia: http://www.elia.be/~/mediaffiles/Elia/Grid-data/Balancing/Reserves-Study-2018.pdf
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HUITAIZTM : Fia@BERFOIT L

® FTiGi&Ei8(System Emergency)DFRDFHiE (L. CAISO Transmission Tariff 7.785LUCAISO
Operating Procedure 4420t ZDEHEX E(CEEHSNTLD

o HEANICCAISONFEKRIDIESIIRD2ELETHD

v Flex Alert : BIH15:00DE S THIGNAEBNRIAZFN2IHE (EBRICEEHIROBDEHNRIINE. HHEICR>TContingency Reserve
DEENNHE(CIRBZ IR HIR TERVES) |« CAISOFTIZEME (CXU TFlex AlertzF U, BHBERAOHIRZZRT 3. F12.
Peak Reliability Coordinator (Peak RC) (CXU TR FAIZEZREEI S

Peak RC: WECCLAN)L COAHEISTEMHERIC M TS L AL TORER AR RIS 21T, BEIFWECCO—EBPIEh . 20145828 (LB,

v Warning : HHERSICHOTTFROISREREENRIAFNDIBE. WarningZFEH U T, THBSIIE CHUTEERN R IE2EFT 2.

WarningZF9 %System Emergency(dRD3FEFRICTITHND
System EmergencyDiEXBE T IEER

70% — Operating reserves fall below 7
Stronger request for conservation Stage FAEHORENRIAEFNZE - Flex AlertR{S(CL3E

o4 | 1 A TROER

5.0%— 8 I (BZEFmE7%LLT) + Spinning ReserveDi5

40— ¥

0 . ) fltera Stage FAEEANARZEL. + Non-spinning reserve

3.0% Stage 3 93”:"”?(9re?i':eilfjﬁﬂcm . 2 Contingency Reserve®>%5 DfE

2.0% Emergency CemiEons o Ullitiest Non-spinning reserveZ%it

: EE2EE

L% “Transinission Emergenc (BZEFRES%UT)

0.0% Stage FEAONFREL. Spinning - BEEBEZEOER (%
emergencies are declared as a result of 3 ReserveZ{E\WI>TERHH FIRRETFHU TR EIC
transmission line overloads, losses, or limitations MBAREBNEAFNBZIES HUTET)

t Affected areas are at the discretion of the utilities (BZEFEE3%LLT)
HiFT) CAISO, Emergency Fact Sheet (2015) HiFf) CAISO, CAISO Operating Procedure No. 4420 (2015)
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HUTAIZTM : TR EEFOXI NS

o TIFRAEBREDIISECAISONOpen Transmission Tariff 7.8(C52 &SN TS, TNICLBE. CAISOEL
TOMISEEHERIFCOHTV. BAZHELUSTH MBI ISE TNRVCECRO TS

® CAISOI(&Scheduling Coordinator (SC)ZiBU T F D& IR ISR ZFEN T . E=RIRFENE (LT
FHINTLRW

CAISOD FIFRABXTER
@ TIBALERECHNIS EFRHLIRBFIOR AT FIFRRENMNRZEINDHE . TiHADO ALK
FEEHFHIHER (CEDVT, TIBALBRICHU THREEDHFHIZIERI D

@ TR B EDEA] ONAR+DRIBE. CAISORTIZSIMECHUT, 1HEROFTIETRE
LTLWS FIFREZFERL. BIMO T IFROEMZBET D

©) IEBNDEFIIRTT QLEEFIC, ZDRFEFICETEENSLMPZRAVT, CAISONThiZ TEN%Z
IR7EL. BEHIBZND
K LMPEFIFEICZAM, FHEICLOTINAFAEEEENDNS

@ SCAOFEEBEMFIER Q@O TEHA+DBIHS. CAISOFSCZIEL Thim ALEROEEHCEED
59 HEBELHETUT7HHSOMA SN ZIERT 5. FSCOREICED
BT R EHENTOS5TEIDIRANS
XIDERFETE. EOBROFEBEINHTINGE, FLSCOMELLAETSNTVS

® BENOFREBENHIER QO@TEATNRIBE. CAISORME 4 DEIR(CHU TEFIEERES

(FEBEOER. fi#) ZERID

HFR) CAISO Open Transmission Tariff
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HUSH =R G A5

AUITAZTM » FIFRAR RO

o TIFRBIREICOVTIE U T OISR ZE TP E (IR
v UTPWAA LATBICHIFR IR F AT DB A  FEROEHEZMGT
v BIXEROMRY)IER(decommit) : a1z 8 HIERT

v TTRRFOESIERICESIHEDORL, QFEIR(Qualifying Facilities)([Cx LT, HARERHZRI A>T
T4IHE (#&R53)

v BIrEROHAFRHOEHEEL
2020F0FYMRR CRIAFRER-KEYE-BAHHA) >FUA

o
DO:0001:0002-0003:000<: D005 0006-0007 00 03: 000500 1000011200 12:0013:00 14:001 5200162001700 18:0019:002000021:0022-D023:100
Ot Rz B Gas OFs EECecermal BN Muciear BN mpors. EEENE_Hydro BN CCOT £ Hyde B LF Down Fieg. Dowr me—bjet Lood

HPT) NERC, 2013 Special Reliability Assessment (2013)
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TEYM : BEEERFOI G- FIF R EEFOXI G

o HaEERIDMIL : ERCOTTI(&, T4 THREGEBROXILZEIEL TLVS(ERCOT Nodal
Operating Guides Section 4)

o TIFRARRBEOM : IRIR. ERCOTODProtocol®Manuallc. FIFRREREOXIIEFIEZBEEUIED
FRALBRN UDU. BEO/NESWVERIFEZFODIC. BAOREEMERUIER. ARDDOHIHAN
HzBRBIET (RANSCEIRBIN) KD, BICESRWMGEFARANDOE SIHIRICEATI>TVSD
7_173‘\@50

Operating REMEAOXENFRENZN, i« fHIL—v— GFHIRSEPN) (CHLT. ORKHEE
Condition  JL—P—(CHUTHFITT V33> ZIETT SQFEEFAOI>T 123> QrBEIZKDREMRIRGTCD

Notice DHENTRVESPES FIEHIR TR
Advisory  TEMBAOZENTREIN. o _EEEoMIC. RFIRRZDHL. SN ERE
Contingency ReserveDiENIRE%ZIE ORNLRYY) EPREYE
SIIOHEENDRIIEE
Watch TEMBADZENTREN. « _EEOAh(C, Contingency ReserveigEiig =
Contingency Reseve DI EIER%Z
HUTWRIEE

Emergency FRHNARERRRICHD, BICEREE -+ LEELOMIC BRORFEEED SRR E
Notice BRENFEEUISECLIFEICHED {E EAREEIEERCOTH RIS NS, EBIEBIRICKIL
Y AN THENHRERE (ETF) z2E=
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PIMiis : FioE@BERF DX NS

® Z=fAiE:18(Capacity Shortages)DFRDFHE=(d. PJM Open Access Transmission Tariff 8.685&UPJM
Manual13 Emergency OperationslcFx&HS5MN TS

o EANICPIMNFEXRT DZEE(FTAlertt WarningD21EXETHD
v ALL-CALLYZF IEiBU TEENFERENS
Capacity ShortageD¥tiSER

@ Maximum Emergency Generation  Hi&&EB(CLD. BAFRS (Operating Reserve) OREBNRIAFNZIHE. F(ET Y2 RUZRSZADEE

/Load Management Alert NFPESNZHEICHRERINIBHODES
Alert ®  Primary Reserve Alert gg%ﬁbg (Operating reserve capacity) h'Primary ReserveDirE 2% FEDLILIGE(CREKRIND

ERAFH/=E (Operating reserve capacity) H'Synchronized ReserveDisESE% F[EID, Voltage

@ | VEiERIRE e A ReductionDREH LB ABIIREMNEL A CRESNS S, RBHGE 01 BRLOLFICRE
@  Primary Reserve Warning FIABIEERPrimary ReserveEh'Primary ReservesBE% OB CRERINIBE
) ) FIFEI8EMSynchronized ReserveENMEE% FEH/ZFR(C, Voltage ReductionZEMENaIEEENHD L%
Warning ® Voltage Reduction Warning g R
®  Manual Load Dump Warnin FIFERIAERPrimary ReserveE MBI DRAERZ FEHILGE. BUKLXBEMBERZ K ZCECLNERE
» g BENERDIISBICRTINBEE
1 @ Emergency Load Management Demand Response Program(cEExd 384 Mo L2586 H R EfaHEiR
Reductions
Maximum Emergency Generation — #EELANILO LRZBZIZLANTOFEEEREMT S, FEPIMROBESZLRHETIVIIDE A
Emergency Voluntary Energy Emergency Voluntary Energy Only Demand Response Program(CEix9 3R ERICLIERENLRE
Actions ©®  Only Demand Response TEHECIR
Reductions
@ Curtailment of Non-Essential —EBoEEOEEZINFEIL. BEZIERY S
Building Load
@ Voltage Reduction SR D% B LSS ICBEHERNMNERIBS(C(E. Voltage ReductionZzZ=E/i
Y @ Manual Load Dump O @EFRTHEIL. BEN D EFHER S ERIS AN ST

HFR) PIM, PIM Manual 13: Emergency Operations  ( 2015)
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PIM#BIZ : FIF A BRI
o TIFRANZERFDXL (Light Load Procedures) (FPJM Open Access Transmission Tariff 8.68 &0

PJM Manual13 Emergency Operations(CcEX&$H5N TS
® AlertOFEFXHIUERE. ALL-CALLS AT LAZBUTITONDS

PIMO T IFRFBEE O3t (Light Load Procedure) JOtzX

@ Actions Prior to Minimum TIFRABNMNEZENZHE. EFFHEO1 — 2BFIORFSRT. Minimum Generation
Generation Alert Alert/ActionMFEFREINZEIEEMEN SR EZIBET B,

PIMIU7ADOFRIFEEN2,500MWDISE. ALL-CALLZED. HEEIBSDOT75—~
@ Minimum Generation Alert  HPIMIIJHA h EHLUPNERC RCISICHFRIN . MHIRES. RIEFEE A Y-
IUEHFERIND

Actions Prior to Minimum
®  Generation Emergency
Declaration

RIRFBEL R MRS | £ BT I 5. {IFI A eERFEEEOHEERCIEU T, FE
I SEFEINF R E O EZRES S

@ Minimum Generation

- BU. MERREISSHZIIES
Emergency Declaration ALL-CALLZED . wERFEBIIHENEIDIRSND

OTATHRRIBZE. PIMEEERCHLU THGIIEEIES (REEDKR. ##5) Zi5
® Minimum Generation Event 9%

BREPFEEEZ LD, FFRARRMICHARECRIZSZE(C. Minimum

® Cancellation Generation Emergency %f#bx9 3

HFf) PIM Manual 13: Emergency Operations  (PIM, 2015)
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Z1-3-9M : BEeEBRFOXTIG

® FEiGi&i8(Capacity Shortages)DFRDFHEE(E. NYISO Tariff 4.685&0 Manual 15 Emergency
Operations ManuallCEXEHSNTLVD

Capacity Shortage®3dHiR

1#3K. Voltage ReductioniLoad SheddinghMiEEFRIEN 2156 AT OFimiREfaiiHF
EENEMEENS

. - HlfEEIRE R BRI OIS
Lo Cluialiment | Manual Voltage Reduction

- TS INEOERIONE]

« ROLSEDREZEOEFM R EFEHE

—READEIX

Manual Voltage Reduction®ZEE# 5245 10-Minuite Reserve M NEBLTL\2IBE . RFHER
E(CERA5%MDVoltage ReductionDE%IETR

INTERPEHRBIENEBHINZES. fidReliability Coordinator(CVoltage Reduction®=
HtE#EEEL. Load SheddingD=Ei% 813

Voltage ReductionDEfEf&bRBFiaEENFHINRES. Emergency Hot Line System
ZAWCRIERE (CEEEZEAU. BEnEMOEBZIERI S

Voltage Reduction

Load Shedding

Estimated Peak Load in Transmisiion District for Capability Period

Load Shedding Ratio =

Sum of Transmission Owners Estimated Peak Loads for Capability Period

HF) NYISO, NYISO Manual 15 Emergency Operations Manual (2015)
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Z1-3-9M TR OX G

® TIFRAE (Overgeneration) BFDOXFIGHIEINYISODNYISO Tariff BLUNYISO Manual 15
Emergency Operations ManuallCFEHHN TS

NYISODO FIFAE (Overgeneration) BEORIIS

®

TUHRTERDORERREEROTVWSREEFEE(IC, Ry 1—-)LBNOREERHEZRDD

HEBIEDUREREBI Y MORBEZRELNIETHIREES. KEITSUT, FRBHON-S MR —BFHIETS

©)

FBEXEEC, RERESETOBLNITOEGLRZEFID
XAEBERENERACUINIER

BKFEBZESOH N ZE O RERFEB Iy rOFEBEIFHZIERL. FFRTEDENZRS

BHETU7EOERRROFRAMENTEIEZ FEHTWSHE (BHETUZNSOEIRANGHEZBEL CL\51%
&) « NERCEAE(THE> Tl B (SRR 2175

THRREBOERERREEROTVSH5DSE I EE| DERE | EHIHS LU Fv> L 2EEd 5

Q @ ©®

D~ @D FRZFBL CERB T IFRAENFBEEINRVEE(E. NYISONMajor EmergencyDFEZFKRTS D,
THRAENFRHEINZE T, P EEBENKZVEC. BIROMFFEIE RIS

HFT) NYISO, NYISO Manual 15 Emergency Operations Manual  (2015)
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IS5 ANEES

O REHE(CIERTEZFET . ANBEELKINEEZEEITS
® ERIEA(CLDCertificationZHUEL THL

0 IS ANBEMBIHREMIRELS A D]

® 3FfEIDENS| 21T

ACTORS OF THE MECHANISM

3 Years at the same time
m Obliged Entities | I 6 | '- I

ELECTRICITY = Suppliers Year 1 )
SUPPLIERS +  Consumers Settlement
Obliged

entilos Based on the = Grid operators for the
‘ pomlu?:omm Network losses

Settlernent

PRODUCERS

\ Jor Capacity Operators
&-~ Based on availability Production / Demand response
Capacity i
Operators = Producers
"?‘ix:gg“sé?f' T LT R e New parameters for delivery year 4 : 2020
Help consumers to reduce = Consommateurs )
heirconsumption during I Certification of existing power plants
peak times

" Certification of coming plants or demand response
I Obligation (forecasts / real time)
RESPONSIBLE OF A PERIMETER OF CERTIFICATION
‘Whater it is the capacity opertor or any actor who signed a contract with RTE
.

HFr) RTE, “French Capacity Mechanism <certification process>"
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AR > DENTHS

ARAL>(30rdinary Regime (MERELFENEE) LSpecial Regime(BIXR)CHF TV, Special RegimeT(E&E A
PRBHAREDEREENREZEITL. “HIEIRIEE" D)\ A AR (LR THoI

2013F(CENZFELEL. INTORENEUTIEZ TEEIEND. BIRIMHBIEZZITED

2007 (CRIL MV TSRS

ARA>DEBFIDFIZEFYAF AT, 2001 FENSKRFOEEN DD, BERJREIRIF—REBAOHINENEOXREREFDZ
3. 201 5FRACFE IR F-TIZREZTV. FFHIRZED

General scheme of the electricity market

NG RO | | gtaden | St T Bilateral Forward Trading : F&. 1X&.

S T MRS e e TG N TR, &
XA($IEFH. BX5I 2 (EREECHRS

EILATERAL
A giEmE (EE(FOMEL) : REXHEG

K-SR s s 9&)}}‘518%/ MWh (Price Cap)D&EHT

 (Owdinary Ragime]

FORWARD
MARKET{OMIF, ¥PEs,
CEEUR)

Arvalbary Barvioss Mirkts{REE) |'|'.l:l:ulrul.:jwll;lrl::‘|7|!r'.l|lr Adj b
' LHS (REE)
o - PR REEFBZ TN 300MWIL EE-TLBE
(R | atownes ) [ omnten 1 eitienioe MR8 A, 1BRIRICAALEEAL 30
PDTAL (AHLELF10%DIS—%Z5F
Gt | i pro— )

HFf) RED ELECTRICA DE ESPANA, Ignacio de la Fuente,

“Ancillary Services in Spain: dealing with High Penetration of BBI®"”
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197 : IXRIF-ThimLia%EmE (MSD)

® MSDMi5 : EEIFOREIZYMNISNEIE. 10MWEL_EDConventional BREQRENWTRT., &g
DFFM(EGrid Code ChapterdlCii&ih'nd

o IXRIF—i5 : SHFMER. BIXR. @A, _FEEMSDmIZOEEN L\ Conventional 12y hRE

The ltalian Electricity Market: Market Players

Larger Generating Groups (=10 MVA),
RES included, may be aggregated in
Production Units (“UP") only in the
respect of the rules specified in the
Grid Code

Smaller Generating Groups may be aggregated in
“Virtual UP" by zone, Operator and energy source

Import/Export RES Conventional UP's . Production Units
l : eligible to MSD
I Producer 3 ]
5 b f
| Selling |% Injection \ !
|
Participation | " el ’ 9op.|
to the 1 Participation
Energy ; to MSD for
Market is Energy Market SHE = lermna| i l-lll:illﬂll eligible UP’s
not . mllnl'l(ﬂ% ﬂm is
mandatory T e Mi@Ndatory
m Buying
£ | Trader
Consumers are represented in the
Market by Consumption Unit ("UC")
which aggregate demand by zone
and Operator
B e 6

HFr) Terna, "Review of the Italian Ancillary Service and Balancing Market”
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(dibiiel

(57 . IR -hiseREmE (MSD)
* FRBBICHIBZIA (FHIR) BU. MHFIEMSDTIH TOALMAE

IPEX: Italian Power Exchange

-

= |
CTET

DISPATCHING SERVICES MARKETS (ancillary services)

INTRADAY MARKET
* Purchasing and sale of

DAY AHEAD MARKET
= Purchasing and sale of

= System Marginal Price
(zonal market for the
producers)

® Bilateral contracts are
allowed

= Counterparty: GME

consumers
* Discretionary

® System Marginal Price
* Counterparty: GME

congestion resolution and
reserve

= Players: relevant
producers

= Pay as Bid

= Counterparty: TERNA

electricity on an hourly basis electricity in order to adjust DISPATCHING BALANCING
® Players: producers, traders, ‘the MGP's program = Purchasing and sale of ® Purchasing and sale of
consumers * Players: producers, traders, power by TS0 for power by TSO for real-

time balance

® Players: relevant

producers

® Pay as Bid
= Counterparty: TERMA

a3

>

h2100

HP)  A2A, “Overview of the Italian Energy Market (Updated to 2013)”
http://www.a2a.eu/gruppo/export/sites/default/a2a/it/investitori/documenti/Italian Energy Market 2013.pdf
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15U7 : 2015FERNSEMI dEFETH

e IR7EMCapacity Market(32015FKRICAFEBRDBEICDVTEMFE. 1L, 201 7FE DD
Capacityzaiff|U TEMIT DENRELR

° 7"*731] Z1% : BAZENTIEIRV, MMOMEBEZZ T TRV, FRIERNE TORL, FTLWL GTEEE(dE
i) HEEREBEFONEER . BERIHR. BEOFREI Y MOSIN6EAIEE

o LT3 E (Lclearing price TREUZpremium(€/MW-yr)&32(7ER3, BIEHTHEMSDICAILE

5. AMLAMi&Estrike priceZE%E (>0) %TernallR9

¢~ Multi-round descending auction

™
; B * BIEIL TIT5201 74653
Main yearly Procurement of capacit > ey Pt O = NN =3
auction P Y  Location: Area where the resource is (L’)U'C(JZ—’]‘/EI/%UE@
located y B L 2L TR A,
C Re—_negqtiation oflthe prpducts « Lead time: 3 to 1 years * Strilieﬁprice(atCCGT(D
Adjustement acqglred in the main auction (sellers) Delivery period 1 year mﬂgb\béuoﬂjjo
ti * Adjustment of the adequacy * Location: Area where the resource is
auction objectives when approaching the located
\delivery period (Terna) e >
L * L ead time : less than 1 year
Re-negotiation of the products « Delivery period: 1 month
acquired in the previous auctions 4| oeation: Area where the resource is
(sellers) located
-

HFr) Terna, “Italian Capacity Market”
ICIS, “Corrected: Italy gears up for 2017 electricity capacity market launch”
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