Ol XM A A8t T

9IS 7AS S9ABA

20174 A1) Ei ol

2018.3.30

HILXIBHMATA 2T S AL

e

O X3 | A+ & B
Korea Energy Economics Institute



Ol XM A A8t T

1. o1 THY

2. 7120 8
3. ZLY HAA
4. HAME A|ALE

nﬁrﬂ

O X3 | A+ &
Korea Energy Economics Institute




O XI B2 A E ot HHY




| ORI FHS Y AT YEY
‘ 1. H+HiE

1) MEF oL x|HE EH =T
" H8xt MHrE7I=A1= 2030 HEAE THF Y2

- = o

- X} 23.9%, MEt 36.1%, LNG 18.8%, LIXH4A40]|L{ x| 200%, 7|El 11%

= MIHSOLX] 20%E F=2 MEI=mue| T Sut FARIY 2 HY

2) HE3H ML X|(EH LS, S8) EHE HIF : 13.5%
- QI 82 3 H: 33.5GW(19.0%), 42.3TWh(6.7%)
H

=k Sl AFHEF: 17.7GW(10.2%), 42.6TWh(6.8%)
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Met load - March 31
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Z=X: GE ENERY(2012). PIM renewable integration study Z=X: CAISO014). Flexible resource adequacy capadity requirement amendment
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MIN(BSP, DAP) MAX(BSP, DAP)
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L™= offrtd4 e 2 X2
MIN(BSP, DAP)

LM\ = of2f7IH 22 X| =
MAX(BSP, DAP)

Z=X: EWEA(2015). Balandng responsibility and costs of wind power plants

oot

E7X: EWEA(2015). Balanding responsibility and costs of wind power plants
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= ord A& (Intra-day market) 7l &

S SR M AIRD WA AR 2F AO|o| £TEUX| HH T} o
st bl 24
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I8 Y AIROIN St F AIFOIA A2 HRH TS 155 TR £H

<EU HEAIZAIME FNE HAFH>

Transactions with the TSO
(balancing bid/offers &
imbalance settlement)
Imbalance

(ex. net buyer)

Transactions between market players
(with or without intermediary: PX/Bilateral)

I N ™
day-ahead Intraday Balancing and

market markets Contractual position f imbalance settlement|  £Zm T
b A Hormination +

Vil (MW |

Vilume (M
ol & W)

Time

T-~24h T-~3h

ZEX: Horence School of Regulation(2014). Electricity markets prindples
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| 2. A= PHAIE 7A'3 T2} Al - M = 714

4) O] = HA|ZHAE "I T
= FERC Order 825 5™ : S M *

x
(] J E I|:_P='1'
=2 PM MSO BRCOT CASO SPP NYISO ISONE
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MALZET| 1h 1h 15min 5min 5min 5min 1h
B B L5min HACE
HlD 20 20 AR 20
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- 7|t 23p: 7| E M2 fA8 =oliet M4 |FAE ME AR B R

5) HaH 1Mo X| ==X 2(Curtailment)
(o)

W} EE ZRE Al $3HGCE BYUHO| SN MY
- CAISO, MISO : ZIS X0l 7HE B Fg2 M3 SHUHY| 2
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1) H|YH7| EXAMH[X &
P BEMHIANEO £ U ESS FHof Hf

-PIM 2E0|H| 2 %ol 29X} : 164 23MW(6.6%), FECHH| 108) =7}
<PIM 227 NASY 8FH I ANAAIL

[¢]
38 A4 OIS SENZH X|&AIZH
a4 EH0H| 0.1IMW 58
N 0.1MW 108 108
312 ® ofu| 0.1MW 304 30

- PJM ESSQ| AN Zt3} : 2= M3l gl 2 0f 7|dFsE KA

X 2HIEEY 7| (REG A) : 25~30%/MWh, ESS(REG D) : 35~40$/MWh
- CAISO : ESS AREIQIE QE317| S8l KIS AIZha 2|4 Kof 83 7|= 23|
<CAISO ESS NJ&Y &>

e — 52 M A MAIZE AR
= se A& o] AZH A2 AOjAIZH
TR} 1MW — 500kW 2A|7F — 608 24|17 — 30&
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2) 8 1Y =E 2| R 3}
= ZHH| 3 L| O} Flexible ramping product T ¢!
- EfjQkm U 70|l [}2 Sz E SAHEMO 2 O0IM X}QIS o|2 o= Stk
X ZH2| ZL|OHCAISO) 2016\ LT HIZ 8.7%
- SEE LT PI-UTAL 7| S7EK| UEF-I50 7| 878X A SHA1=l+E -0 x] S

HRAMH| AR 712 7|8 7|8]H|2 HAH

<CAISO #91Y 2ETF> <CAISO Ramping product>
MW ,r 5 Wﬂuper-Peak R.amF”f"E o Base Peak Super-peak
\ »Peak Ramping = ramping ramping ramping
i [e] N3
}F'nmar',l Netl == H|E A|H SIS NIPNES
ol QHSA|~2F10A
Secondary Net Load Ramp - & Ramping ; | 5A|ZHO|A |4 5A|ZF O A
Load F{amp Al
HEH =R IE :
Qe Ol 3H 20 T Peak ramping2|
i ZCH SUTE W =
\ A Fomz 25 - 5%
L o=20o
k=2 i Ol
0|8 o2 o2y B
A2 FE 52 M)
I=
_:i a8 o4/ | Ha4Bo|A/Y | A 18 ojA/Y
2]
T

EX: CAISOR014). Aexible resource adequacy capadity requirement amendment
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3) ESS |23}
- 2| xL|o} & FEIE| $I-H2|(CPUQ) 10 o|F3} ot S}
- ESS BT 2 A|CjHTAQ 22, AS A E XD, SHET £X AQ ZH4, AXjA0|LX| S2,
STt~ 2z
- 3 QEB|E|AF: ST £ 7}0f ESS AX| O|RE X|H(Z 1,325MW)
- ©7|BO|AFRIX} W X942 2| 7| A (Aggregator) : Z[LHE8}| 1% STt 72 ESS

st
= <¥IELor 30 FEEA ESS AR ET(MW)>
o2 2014 20164 2018 20204 LS|
Southern California Edison 90 120 160 210 580
Pacific Gas and Electric 90 120 160 210 580
San Diego Gas & Electric 20 30 45 70 165
Al 200 270 365 490 1,325
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H=o| MEAIS RAd 22 Al - A E2F dZlz)

HA= HetHoZ X4 ofH| 2 &t:
=

M ZF : 22.9GW(21.5%), 49.3TWh(17.6%)

+ S MTHMOLX| SBAIE|(CECRE) X X|%) AIXHAS 2 HHIE|RESCO) %
- CECRE : AT 40| %] Z2R|S 2% U 28 X3 K|A

- RESCC : AR A0 LAX| MO $:38 U ZHA|

X o

% SIPRELICO : E2%H 0f|& ME H|Z (158 ~48A|ZH

<AHQI NAHYOIHA] 2F ALE>
WY S HEHP, Q Y S <
ol R S, i rher ) AT 7| @
L EEERES wAE S ~SITHA IS A of

| =
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-zt wrEElxlel 2 F A of x| & i R
1 L L= IL (=1 LR [
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EX: 2R A2 2013). 2| 1 CECRE W& ZfE 1
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2) HIALA(ERCOT)

* AlS4E 0= W oHE X[Gat STA S| =2

-'15HE ZE= ™ g2F 0l 2k 15.8GW(18%), 40.8TWh(11.7%)

- WM O ZA2Y U WS A AAY(ELRAS) 2%

- SIS HE  1-48A2F 05 WE MY

- ELRAS : S2{H7| QX BE U GISH 7|4 ¥} 43 HAA0N SHLHO| 53
HES A0 05 U FE A2

ERCOT Large Ramp Alert System (ELRAS)

Web Site Display

EX: ERCOTR014). Load and renewable forecast in grind operations and planning
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3) 24|Ql, EHlALA(ERCOT) 200 B
= AH[Q1 1X 0|3 : AIS L A 80| 15%
= ERCOT Z=Iif4= 2E0f|H|= : 2300MW + S00MW(EZET L)
= FZ0|M SHUM S0 ME T HEo

2 Fof=Zojd2of CHot Fg2 ojojg

- B 250 2 U SHWH 2 o}

<ERCOT B&M 2 FMATFOH 50>

Regulation-Up reserve requirementin ERCOT
and
Total wind power installed in ERCOT

£

- —4—Regulation-Up reserve  =—=Total wind power installed Ee]

5] g

13000 =

[t
g 1 e 9 =
= 1500 o = ;
5 = &
g _ 10 1000 @ 2,
; 2 1100 9000 % '5
02 o 8000 Q5
g= w0 T X
g c w

g 6000 '§

500 =

> s000 —

= 300 wo B

fa 112007 1/4/2008 12312008 12312009 12/31/2010 12/31/2011 12/30/2012  12/30/2013 =

=X Adrade et d2016) Impadt of reneneble generation on gperaiiondl reserve riequiEMEnts
<ERCOT UM X HFoHZ Fop>

4500
4000
3500
3000
2500
2000
1500
1000 -

500 ~@-Tertiary regulation
0 i . i . . i (decrease)

—#—Secondary regulation
(increase)

== Secondary regulation
(decrease)

GWh

=== Tertiary regulation
(increase)

1,5 40 65 90 11,5 14,0 165 19,0

Installed wind power capacity (GW)

Non-spinreserve requirement in ERCOT
and
Total wind power installed in ERCOT

£
- —4—Non-spin reserve  =——Total wind power installed E
= =
v 2200 13000 8
g 2000 12000 & E‘
L 10 11000+
S 160 @ g.
T = 100 0000 3 =
23 o w00 O O
(] 1000 Q0
w 2 80 o
g o0 £ W
Q 600
2w 6000 E
> 200 500
T.ﬁ 0 4000 '9
a 112007 1/4/2008  12/31/2008 12/31/2009 12/31/2010 12/31/2011 12/30/2012  12/30/2013

EX: Miligan et al(2011). Operating reserves and wind power integration

=X} Andrade etd2016) Irpact of renenelde generation on qperatiordl resanve requiements
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- 715 /4 (Online flexibility) : Rex?'™ = Online. x MIN(RR. % k, Pmaz. — F.)

S T H/d(Offline flexibility) : Aex?{"™ = (1— Online ) x MIN(RR_ % (1—s), Pmaz,)
- FOp4EHOH| + Cf7|ollH| : 4,000MW
(32) 21 QUM : SR HIHBI0] 2L ZRA| BN

e
0x

- 715 S (Online flexibility) : Re?'™ = Online,_ < MIN(RR_ % k, P.— Pmin,)
- H|7}S S (Offline flexibility) :  Aex?™™ = (1— Online,) % (1 —z) % Pnaz,
- Fol+=ZH™0|H|H : 1,500MW

() 42 H3l0]| 02 QM QT AN 1 Nk = M- N

() KUY BE HE AN

R
Dip = NLR; = Z(F lexpuine + Flex(f '™

PFD& = #DIJ! [ EHI'..

. "
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