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[

AT HEAY AR &} o]t AAHAN TFHE AUAAZTHEA
(Energy Storage System, ESS) & H¥AI2H] E9lo] HE U A=
+ 7leEY §4e 2L F Ie AYA2E B4 &2 I o1F

o H 3 8

71E2] WASP# M-Core= 2% &4 (deterministic) FHE o] &3] #HA|
A #AHAAL FF 4o 2Fel ZHA U] wWEd FEH
(stochastic) §4-5 Y& WHEA AAHA 2} ESSe & et v|A
2l EAjoll= 7HA.

2 d7NAE HEL AR} ol AR ESSTF WA LH
oA FF td 4] 7hed FEFH HYATE FHI} EFe A
etal, AFE AHATEE AW 97 E¥(Test-Bed) 2= o] &3 &

o asd U g4 F71E &8s

¢

3 &9 s YA
Hog HA

>

A EA Mix, Al2E b FAAR edhy, 39 284, A
SAIZFA(SMP), A9 A 714 (Locational Marginal Price, LMP), %

7 &3 HA ESS &8 o= Y IR 4.
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L AA ¥Ed AAUA =Y A7

O AFE-EAA Ao Ae] 4H 42 FHoIUAAT, TE3} e g5l

O AAXCRE A FTHI eFFe THEHL A SAHALEF FT 25%0
I3 YA R 20300+ 15%7FA] Z74e

po
>
o
=

O [ZL™ 1] Yehd IRENA Aol w2, 20309 HAEF 7|Foz HE
A AAANAATE A B G F A A Sk HIFo] Qe oF 86%,
AL 74%, Y=L 61%°) ol ALE A

A

O ‘Danish Wind' 2 AR T+ dinfze] 7 2013de] A A& Ain| 5y
33%, 201430l 39%E FHOZE FH.

- Wink=o) 75 ol A 10 @3t S WsAlA ZIdske AletAA
=AE si2str] f WtES a8 Y], dqRg &9, ud

AW, FENY, FaAUolE 52 o]8F BYH AL BT

4

O $8uvats 202997HA] Bl 43 16.6GW, 38 81GWY %2 H7Fo| A
g q4.
O AHAG w2 A AAYAAA] THF T Bjdde] AAse HF

2 201219 5.7%°NA 20353 23.4%, w82 201219 4.7%° A4 20353 9
302% o2 Z718 el

1) IRENA(2014). REmap 2030
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0 WEA AYAIAL AEA2E 59 277} oo A A9, Lol
a4

[e)
%211’9.% Ao s setalm AL mAsy] 93 A7l B,

[12! 1] 2030 312 Q= HEA KMol|L{X| Bl MY

Variable Renewable Energy

Denmark
Germany
United Kingdom
South Africa
Japan
Australia
France

India

South Korea
Ukraine
UsA
Morocco
Italy

Saudi Arabia
Mexico
China
Turkey

UAE
Indonesia
Ecuador
Malaysia
Canada
Brazil
Russia

Nigeria

0% 20% 40% 60% 80% 100%
m % variable RE generation m % variabie RE capacity

<2}#: IRENA(2014), REmap 2030>
712 AGAEY 28 58 2 9 I A

[] "= EIAXE] @29, S48 AYATY ZP(SCOPF) =YL= 5%
o] a8 /Aol o]Fof A A% mF2 9 $190% Eo| A HAHYA=H
&0 & AZEHT} QS A= Y.

l

O $gugte] A5 20143 JFE F AHA2H®H HibFHE oF 444%
o7 @3A<Q SCOPF =4S E3 5% wg&d7S shd A
oF 22% o] HHolo] vt )l

2) B=AHAY L, 201495 AHAG 54 2015.7.
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[£ 1] SCOPFE IS¢t HHAIAH 25d M= 2ot H|E &
2009 gross Production : : :
- . Savings, 5%| Production| Savings, 5%
electricity Cost($Bil/yr),

efficienc Cost($Bil/yr), efficienc
production(GW|$30/MWh energy / / /

: increase $100/MWh increase
h) price
u.s. 3,724,000 112 6 372 19
World 17,314,000 519 26 1731 87

<A}H:EIA 2012, Cain et al 2012 A]918>

[0 b= AgE AZGA 2" 8221 [SOEL 47 & A% HAUYES =¥
3lal ow, Z EAo) gi= SCOPF A4 B3 AZYAAS 8317 Y&

O PJM, NYISO, ISO-NE, MISO, CAISO= AY3AZMA(LMP)S ZteE A
Atk dEFoty, WHEEY HEAHls RES ZEste], dY A
(Day-Ahead), $tA1ZF % (Hour-Ahead), 4 A17H(Real-time) A& &%.

O PJM, NYISO, ISO-NEE &#HA S 2

FARE Lot AA %L

ol

l1 YA, CAISO$}t SPP= £

3. MPSOPF 23 /&

O 8 dAFdA Agste &84 AE9A%Y A
SuperOPF(MPSOPF)E SCOPFo| 71 g 2L Fiu 3
PIM, NYISO T3 Zo°| mlm AH9¥ AYANX
ISO7F AAl AYA 2" &85 3 ALt B3

ot
s

O SCOPF= ¥Rkx oz HAH4 Ak ASHAE Aok, $H% A, A
A Aok AHA 2" EEEY A F& BT 1Y AT Yl
g 5

&< Hag dFe T AS

HUXZMSRE 5



O MPSOPF+ SCOPFE /fdzel 2o 2 3tal HEA AlzjAo x| e} o
UA A A2 7} AEA| 2Hol] m]x& Fekol] fjg 242 s oL A
H 2y

—

O "= FERC(Federal Energy Regulatory Commission) A|-ds}ol, Cornell

Universityol| A 71¢E 202 15003] 7} & reference 7|

B ATAYAE v H2EY FARY R Ao Ha

=

2 29,

[1 MPSOPFY EA3r+=

AR5 asfeo] Foige
g A, ME

AT, AEMA
S92 A9, A BEA A 424 A%RE 2%

USEA7|HA AHA2E GRS Hastste LA 2

F2 54 AR snapshot Q1 A=

Al zdlo] AFAtP S FAS=H Bag njHe

%(Load-Following Reserve, Contingency Reserve)= 23 WHZHOE &
==

9 Bt Y WEA] BF B0l shsstn], ESso AA 2

3908, T3t 2L gl

fil
;
I
%
§
A
>
>~
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- 4% &3 £4, A9H(BusE) LMP(Locational Marginal Price) 41,

O ESS &3 BA

O AHA 2 £ Hlg A,

- 4] -8(Generation Cost), o|H]E H|-&(Reserve Cost) &4].

O AF=s FeEtS SAd & 843 Fd AgATT 72 7K 3
=, 3A Al 7EA Y #Ade oA Y] 2.

O A WA 7IAZ o] gHE dHYde SLHVDCL, 150MW)3 A= (HVDC2,
200MW) 9t AZ =] Sl F 3A1e HVDC(High Voltage DO)E 3l A]

i)

=0
o

O T WA= 285MW RS FHEHI 305MWTF R dH A AgA /&
F A5Z A WA= LAY,

O Al WA= 20159 71F 156.3MW7F HFo] Ho] e EHo| F7}1 H&=
21 A A 2] dH .

O AF=

Zoz AN &

T

SAZEE $38 AYo| MAZY A4 5

rlo
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Z 5719 ¥HAVE BGEtn =, BsMWE 78R o] 27], AOMWHE

tjAdb A o] 27], 18] 55MWH 7B HIREA o] 1712 A,
O YAF o] X3 FHREALS 3719 VIS BHFstn Yo
100MWE 718dxo] 27], 106MWE EatstzEo] 1712 FA4.
O AAZAR HHFQ = AFAI} AAXZA FACE HFHI oy, 5&

A A4 e HVDC Aoz 49 dgo] AAZY A4 Qoo
o)
ps
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[£ 2] MF HEAST 2, A H 287 g8

O~
Hj; HENES A7) JR(EF, MW)
1 A+ TP1(75), TP2(75), DP1(40), DP2(40), GT1(55)
2 AT
3 22
4 2A
5 A A 7
6 g CC1(105), 41
7 ot
8 g 42
9 AT TP3(100), TP4(100)
10 247
11 Elgsty
12 A
13 A4k 243
14 ol 44
15 HVDCI1(3) HVDCI1(150)
16 HVDC2(X = HVDC2(200)

L AFE 88 & 7719 F8 A8 IPAQ(TAF, AR, AMAF,
e, AAMA, T2}, Aol s e Aoz RdFEHoH 2014
d 945233 ASE A858% 2 dEe b3 2+

O 20149 53 FIFeE 8IMWolH, W+ 2 <13 vt Azt 1t

2o AP aAT} B WA TEE HelFa YL,

O 2014 ALZ A5 Q& 71AMWoIH, a2 Qs v Azt 1t

2o AYFaArl 24 e maH PRI TR BT S

0 mgel A AYFaE AF AA AF5e AR meF Fr=

UK Z M
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= (] 5 =] ol &
[ 3] M= MHASY 29, HA, LH7| 3 SHM =2
2014 0B D3 Y BAHLQ 2014 A&¥ D3Y HA4Q
—l] BT m—l2 MR m—3 M E T e—ld THE —1 S E e—l2 AR e—3 M E e—ld FHE
—L5 3l M{ ——L6 THa} L7 it —L5 AP —LE BHEF L7 4
200 200
—— _\ﬂ,\ —— W_/_._ﬁ““““‘"“‘“"
150 S~ sl
= ~ 150 -
3 ~ E
g gy /—'/,_,m\ S \_{M
o 90 I~~~ o 100 T
& e & I S
hos o e 3 rord — —"’_'__::..---'—'--.___-’—-—'-‘--——
o | e e = LI
e ————————————
0 tr e i —

1234567 8 9101112131415161718192021222324
AlZE

12345678 9101112131415161718192021222324
Nz

O AF=E [ 304 Eeukek 2], 20159 3¢€ 7[F22 18709 &7E
R o)A 156.3MWE] F38o] HFHo] gon, 20203714 9719 ZEAHE
ANA “MIMWS 38 BF Afo] F7150] 597.3MW7A] EtE A <.

O MPSOPF Al AHAFTY Aol X3 4719 FHHEXe} AAsHH, 2015
W 7]Zo=z A 9sMW, ZH 33.6MW, 38 247MWol RFE |91,

Aeol= oby mFTol gle.

O 20209 7|EoZE A4 11I9MW, 23 93.6MW, 38 216 7MW, U (2&
I) 168MW7F BgE oA <.

=
|
Uit oz FHo| HHA2H AP &= A= FEL=E dH
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10% 5 R ZIel+= F=Fo)7] "&ol, F8o] AT vA= Id&FS A
e BAY "avt &g
[# 3] M= SHOX|EH HZ32F (20154 vs 20204)
FEdA M3 | B2 W3 H 2o & 20153 &£FMW)| 20203 L&FMW)
SH1 6 I 24.7 216.7
=) 8 O (RE ) 0 168
Z3 13 AR 98 119
Za4 14 =3 336 93.6
7] 156.3 597.3
5. %8 & 2§ /)t

[1 o] BeX= MPSOPF 239 EE=Z o7 € ¥4 F& =39 AT
3} 3Y AuL =59 WHE s EHELE.

O FEFERFL ey Y5 Tad 7AHolEE NS Bt £33
FacE
O AFEWe 713AHANA AFoR JAERE ST e AY

(Automatic Weather Station, ©|3} AWS) % =
°] 177§ AWS Aol thafA, 20123 58 2014d7bA] 102-BEFE 35

3 AZHE FHm/s) T 7 ARE AYEE 31 F 83192

O [Z18 4]olA F3Mo g2 TAH 37] A Y] 2015 7|F FHTEA7} &9
Hi s, 39, il sER|Yola, 2EM02 FTAE XYL 20204

A
VIEo R FUHH R 98 A dY(ReXE) TYEA.
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[ 4] 7|1&E HF AWS X[F & SHEA| 2|

<Step 1> E TLHNSEE S SARY L o] &alA MEsH 2.

2-2Ho]A] F A WA 2H oAM= AAHEA (deterministic) FHL Al
A8 7], 43t 7] Y AR} V| ARE AHHSTE o] &3 HRE

T WA zHolAoAE A WA 2HO|A Y residual(v, )= 7FA LA

) =
)

%
td
ol
o
)
ofo
ok
£
—
W
i)
o
N
1o
g

a
c

=3

Go Eolglt ANE F
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<Stage 1 : Deterministic Part>

log(WindSpeed, ; + 1) = f,(Deterministic Cycles, , Temperature, ;) + v, ,

<Stage 2: ARMA Part>
P ) q )
Uy (1— ZajLJ)vt = (1+ Z@L")et
Jj=1 j=1
- Deterministic Cyclesy; : 1'd, ¥Hd, 24A13Y, 12A17F0] F7191 sine¥} cosine 7 H.

- v 0 A WA DA OLS 42 9] FrAK(residual)

- €4 0 HA BA ARMA F42) 2] MARkE 2k White noise residual)

<Step 2>NXe= FTEHASEH S o83 Monte Carlo AlE#H oA HHE
= B34 ME FF profiles A S

[18 62]°] 1efzes RG] FHEATE S0 3 A]
AY Bgs olglA AFH dadel u4MEESS] FE5 A
100071 A%k 259

<Step 3>NA= FY EHRIS power curveE ©| &3 FE Profiles F9Y
ProfileZ AT A=

<Step 4>oﬂA1—L— 10007 F9 Profile AZolA 38, WEYE, B4EEES
e & = e 578 T8 AUl L Profiles FE3H3%+w

HUXZBMS & 13



<step 2> <step 3> <step 4>

5. 393 ESSe| AHA 2" FFATE AT B A 4.

[ o] BolX= MPSOPF &< o] &3l 73 AF AHATEH T4 &
EQes d2 AF TY AUHE |88 TYH} ESS7F AHAFTE
ol FFE A=A W Ayl E4& FA5AE.

O Avgle 7= i3 8 24 € /ML o3 28,

O AFEBA dYA WA E s (Day-Ahead Planning, DAP)<= 3= ¥

oA AHATE HAE FHsIAUE. AL 7IEo 2 F5 14AZE

14 Z& 0l5+HOILH 16-08



(2014-10-09)

O %3} 2tHLoad Shedding)S MWh3 Huk o] sjdEs Ralehs A<
z738o) M 348192 (VOLLY = 10,0003 9 /MWh

O & o] AXRAA (Lithium-lon ESS)E 7+ FE Ao F&-&Fol nlg
A AAskgls. ESSel 8@ 2020 FHEFO| 50%AVN(F &F
2985MWh) & 718384t H2 ESS &

AX ez 7} 8 HaNT =

of
iU

3
1z
A
=2
2

Ir
S
ofo
ofp
o
(i

0 fe 783 238 9rg8iA A8 AvEles ta3 22 a4 71 4.

O o] 57/} AUl & ol&dl T8 §FE ATl mA= 9F 43 ESS

A
o ZAN BHE FHOE AH AU ¥4 FYstAL.

3) Value of Lost Load(VOLL)S 1 MWhe] HEFQE AlFolA &34 Fsl= Zol ik vj&& £ o
o2 AL EFE FH37] Y3 AHEEE A WAL 7H(Duration of Blackout)S A4S wf A&
NE .2, Duration of Blackout= RCC/VOLL ¢ #AE EAY. 7|4 RCCE Reliability Cost of Capacity
2 F30 AgHE B9 IMW-yeard Hl-E&& YERATE T4 € &E°], RCC7} 80,0003 U/MW-year,
VOLL®] 10,0003 9/MWh ©]2}1 3} Duration of Blackouto] 8AIZF :32¢l A8 &S o] AL3|olA] &

&3t Ae 53

HUXIBMS & 15



[£ 4] 571 AlLE|2 "9

1) Case 1 : 20159 7|2 AFAHAT (FEX)

2) Case 2a: Case 1 + 2015 #2-&2(156MW)
3) Case 2b: Case 1 + 2020%d ¥ &3H597TMW)

4) Case 3a: Case 2a + ESS at 4 wind sites(298.5MW)
5) Case 3b: Case 2b + ESS at 4 wind sites(298.5MW)

[0 AdE t3Y Case’ HF od 92 B4 S 39oH, 452 iYL
A3 Uad 2o

O [2¥ 6]9 Iz ololA
HVDCel| 9J3jA AFEE F5H

—{u:
- E
)
=
rlo
Ho
N
o
re
iIn)
(i
—r
=
lo

O Case 12 ATH LHALTE o] &aix AFHHATES SIS W LA
He ALY 2 profiles BHoFH, HAHOE HVDCS 7|E&zo] 7|4
& g@3dsta Ejslgo] gakats a8a JhaEWEde B o dEsg
FEAAME 7HEol HA ¥ AR UEs

O Case 2a9} Case 2b: 2015\ &2 FH(156MW)T 202018 3¢ ¥
(G97MW)o] E=4sls of FHAE 2 profiles HAFI =

16 & 0ls+HOILH 16-08



Case 3a2} Case 3be=

47
AAPe o 20158 FY FEF 20200d FY FENA Y] THAE 7

ol
iV
i
N
2
N
3
§
=
H
1o
Ac)
i |
o
rfo
3
[>

profiles HAF1 Sl

—

agoA QA Aol 7]EY] F£8E HoFy N, QA AR &g
AR

e HEo ESS Z7o 9fa)A frﬁﬂ Z7}3 Prlz—om, o#MA Mur &

rlo
1
A
rlo
i
vp)
r_N_
L
5
1y

ko
A
fu)
)
r&ﬂ
ri{u:
o
M
ot

31, ESS7F 2 I I FsHEQ HBsige S A

o) S A~ [e]
gl o+ U=
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24N 2L Et

—

Expected Generation by Fuel Types

b
=

Expected Generation by Fuel Types

Wwio Storage

Expected Generation by Fuel Types

8001

MWh
MWh

- wlo Storage

(b) Case 2a

Expected Generation by Fuel Types

12
Hours

(c) Case 2b

Expected Generation by Fuel Types

MwWh

wlo Storage

(d) Case 3a

18 & 0l5+HOILH 16-08
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(e) Case 3b
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(0 AFE thEY Case® AYA2H 2847 297 F8HE £4< 3
on, 454 Yud A= tadt 2

O A" 8 A3y Qi = E[Conventional Generation], E[Wind

Generation], Load-Following Reserve, Contingency Reserve, E[Load
Shed]| 2 T3t E48A 5.
- ATA TRVIEY B WA FESE B S E[Conventional Generation]
Ao FY0] A EYHA g2 Case 194 7 =31, Case 2bolA&=
& Y =90l AA TAFS oF 40%7HF AT 5. Case 3boll
A ESS7E F9e] MBS AR AojaiFHA AA Aol wop
A #HE[Wind Generation]) = 8OMWh7}% Z7}31%2-

- AIZE b WEA(Inter-hour variability)E  AJ3|F== Load-Following
Reserve= Case 1 TH] Case 2a%} Case 2bollA FEE=I%Fol vl&EsHAl 7%
33 7k EA Sk, AlIRE W ¥5 /4 (Within-hour variability)& Al ©]
3+ Contingency Reserve 3t Load-Following reserve FHE-2 ofuA|
Bk, Case 2014 S8 o] EAHTA FHE S718HA+.

FA 9k Case 3941 VeGS0, ESS7} Z8 o] BotA oA 718t A7t

s AIRE W MsAS AEs] a0 R AojalFHA, Als ¢t

§4<S A7 sl 283 Load-Following Reserve®} Contingency
Reserve@o] wj¢- 3202 FojE A & - U=

- E[Load Shed]&= 7l WelA 43lEA] X3 AY 85 HoFed, A
CaseollXl 79| 00l 3= @t KT A5 ©l= VOLLY #H'dEE

o

AgetnE R

{1

—_—

!
O

W

(o
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[Z 5] A|AH

2 o
g 4ot 29

=

ey

(E[MWh]/&) c1 c2a c2b c3a c3b
E[Conventional
, 14,284 13,367 11,346 13,378 11,301
Generation]
E[Wind Generation] 0 917 2,938 928 3,018
Load-Following
457 1,699 4,045 322 2,181
Reserve
Contingency
1,564 1,843 2,297 101 1,121
Reserve
E[Load Shed] 0.0 0.1 0.1 0.1 0.0

O HYAE +&H|E& 44 = Generation Cost(’d

TESIH O™, Reserve

Cost+=

Z1H]-8)# Reserve Cost

94

Load-Following

Reserve Cost?} Contingency Reserve Cost® T-E-dt #4183 5.

- Generation Cost('#7H]-8)=
AT THE

HH]-8)= 34

Case 1 tH] Case 2bollA &9
Al F=HA 25%717k0] ZHagh 1, Reserve Cost(¢H]
ol’d 78k =.

o] ay}xo =

- Case 3bollA] ESS7} Al =Y=HA Case 2bthH| Reserve Cost’} ARE

7W7ke] Zhastlar, T9 e HEdol AH R AojHHA AT w
ol 4 e FTEH ol 2% FUISIHA Generation Cost®= A% 7+
&8s

T12jA Total Operating Cost(F8HE) 7|E2E Case 1 ™H] Case 2b
= ok 3109 9 728k T, Case 3bi 35047 9 7HASHAL

20 & 0lsMHOolH 16-08




BEXN MAYSY FEFHZE 2= ¢
[£ 6] MEHE 23H|8 &M - iFE tixg
(4 2H3/ ) c1 c2a c2b c3a c3b
Generation Cost 1,353.6 1,238.0 1,016.2 1,235.6 995.3
Reserve Cost 9.9 18.2 354 3.9 18.4
Load-Following 54 12.8 28.7 36 15.1
Reserve Cost
Contingency
46 5.4 6.7 0.3 3.3
Reserve Cost
Total Operating
1,363.5 1,256.3 1,051.6 1,2399 1,0134
Cost

O $4% &F E4dA= A $AYEEF 52 20208711 =Y 49A
H 39S EF A Qo] 88 F e A2 EY AT A9
5% Z2 0%TTe 1Y &FNAE E N9E o|Ao] Tz

O OAl 714 CasedllA EF $3W T2 #EHA] doton, U3 A
H SMPE HoF9lL.

O Case 3941+ ESS7F Ag 489 SMP7F S8 vF A7k 248 i) A
588 B0y, AYFst S oF Az e T AYsraes
shavingsta A A2 o2 sMPo| W ¢ W30l 4d3 €0l HBT &
B2 SMP 3E-S 7}4. Case 3bE Case 2b%} WA AHRH, HF AlZE
SMP7} F7beti, wk ARE SMP7F ZhastdAl %A EL Case 2b9]
SMP #Ede] wha)], QFAAQ] HEHg HoFa o

O SHA|TE ESS o2 Qg WaAdo] vl HHF3 Fejo SMP= 233 e
2 BESSY At A o] (Price Arbitrage Profit)= =°l= ZAFE 7M1,
FaH o BSo7} HEeA m8jo] HR| SMP7h ¥l FejE ven

HA ESS7F A AR EEEH A= BAALLS ARMAIA

HUXZMSARE 21



O 9%5% &7 &&F FFoAA AT ] 1Y EJOE A A9 SMPY
olAo] WAy AR, B% Y FEoNA SMPE o4 AHHE
2 IAe ZAR, AAHABus 10)91A4 7HE ZA SMP7F Sk A

_l

AW

Atolo] AEE7F T Azt sMPe o)zt A el 4AlA
(Bus 10)2] SMP+= 11A17 ¢F 180¥/kWh7hA] F7Feh= REH 23 (Bus 14)
T ¢F 1009/kWh Foll4 SMP7} 20| Hi 3.

O % 8 &F FFNAY SMP o= Fdsi i, HVDColA S0l
= # AYo] BEE Ay FoMRE dF3] Fgo] Holx X (Bus
14), A (Bus 3), &A5(Bus 2), AF(Bus 1) SolA= FHH &2 SMP7}
Aol GA Fgdo]l HARE, o] g HHo] FE/A = Fxlo] dFo] o] F
o] 2] A] ¢fotx 214 F(Bus 10), TEHBus 11)lAE ¥ SMP7HE S 2 1}

BT e

ol

[O2! 7] 24A|1ZF X[ ASSAHZIZE(LMP) SMY 280 ME Hal, oiE o3

[

Nodal Prices observed Nodal Prices observed

Price, 1000KRW/MWh
Price, 1000KRW/MWh

(a) Case 3b, 95% %187 (b) Case 3b, 90% +%-&%F
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[0 AT 8182 Case 1HH] FHo] =YUH Case 2a9} 2b= 47 6%,
255% AZHAI, ESS7t A =UF Case 3a}t 3be A2 83%, 29.7%
A=A

O 7 H]-8(Generation Cost)E AHEH, T2 T8 F£F9 Case 2a¢} Case

3ax= Case 1t¥] Z}Z+ 2739 %, 2879 A ALHJY, & FYH F£F9

- ESS7F EAEHAE 74-F Case 3b2} Case 2bo] WAnv| &7 7G5} sfAdo] <F

662] 2 WAFEH ol gl WAFFE A /\lﬁii 7194 g

9] Case 2b2o} Case 3b+= ZH2Z 12590 ¥, 489 A =7138HY
- Case 2bollA B HH]-&L Case 1 o|H|HH] 829 5580 FEHE= o=
29 HeAdo]l ASHAAL At tigk sidn|&o] A3 7t

rlo

E:—f ) e} o
2A 7k As ¢ F U

- 3 FHo] gle Case 1914 onign] &/ n] 89 vlgo] 0.7%° =3}
AT, E2 FHQ Case 2bolA & o] HIEo] 51%7HA F718tA+. o<
=2 3FHo| HYAxH =UHT du|Eu|go] AAAFTLEHE T
B FEs AAG AS BAF
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< 7 v &9 8HTE I (Capacity Cost Saving Effect) 74 12 3tHA
Case 3a®t 3b9] ¢ 212 of 4269 ¥} 3539 o] o] Qlo] oA
dojd = Qe ZEoE F4
- ] W& Case 3a®t 3b Az tigk yae Aaadl 485MW
402MWell ¥ A58 INGEA 4] TAHHH &S ATMH o2 ALkt
kel 87,7804 Y/ MW-yeard = &35l £43
[E 7] Case & 017t AS2YH|E 24
(B c1 c2a c2b c3a c3b
Generation Cost 416,370 389,094 297,095 387,638 290,527
Reserve Cost 2,755 4,843 15,241 773 7,561
Annual Operating
Cost 419,125 393,937 312,336 388,412 298,088
0s
@] ting Cost
perating 0s .| 25188| 106,789|  30,714| 121,038
Saving from Case 1
Cap.aC|ty Cost i ) i 4257 3,529
Saving
Total Annual System .|  25188| 106,789|  34,971| 124,567
Cost Saving
c12te| %}0[(%) - 6.0% 25.5% 8.3% 29.7%
[1 ESSE4 AT +8HE AZases 3 F9Y 35 9 97.89
d, =2 T8Y A5 F 17789 Yo E 2 FHAFNA ESSY FE0]
e FEUH] oF 182%0 o|2E AoE B

4) o] A7t FIAFI}E NGEA7] capacity cost= <& > EIAAZ A Conventional CC, Natural Gas

277] 9]

overnight capital cost($917/kW), Fixed O&M cost($13.17/kW-yr) ol #4714 303, o|A-& 6%, & 1100
A/USDE A&3t] =&3F Fholth
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[O& 8] ESS=elol| W= 7| S2gHlE 24an
BN, K2 3 vs =2 3Y

B Generation Cost Saving M Reserve Cost Saving © Capacity Cost Saving

20,000
- 18,000
2 16000 352

10,000

4,257

4,000
2,000
1]

C3a-C2a, H2FY €3b-C2b, =

rfo
of

=9 B3 A7AS 408 AadE ve EY AL oF 97.89
Y, =& FEY A$ oF 17789 Qo8 L& FHAF A ESSe AL9]
thH] o 182%0l °|2& Zo= ¥4,

[18 9] Case 3bE U CZ ESS €3S GEjsl7idA 23 2y &

e P& o, ZF ESS §7F FEKXF) HE &9 BESS §FMWh)F drht
2 AEA TS vE dgo] TAEAE BoFe 2gxy

I

O

ZE A& MWh@ ESS7} generation cost<, et 412 operating cost("#
8 %—(generation cost) + 01] H]E—%H] %—(reserve COSt))%, w7 A& Total
system cost(operating cost + & %H]E(capacity cost))E Arht HZA7|

‘_‘X]E E-Oq“l‘-]—- 2

A& MWhE A7t ESSH| &S RoF= Aoz AXo] HArt 9
AASHH ESSe] ZAAIAGo] A& Aol (BE>HE), ofdol fX|stH A
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ol Y ZOR HA (TG §),

ZAA AR @9 ESS &3 (MWh) BI§-7 &3} 382 ESS Ax] 870
S/HEE AHA gash S ESS &0 SUMEE, o9 ESS 89T
operating costt} capacity cost g7t FHE oM @9 ESS &S
Hl&dtE Y= 4

2015 ESS HI& 716997 /MWh-yr), Generation Cost saving(&%
)]yt Operating Cost saving(Zkt A)RF 724bstH o}& ESS+= 74 A1/ ©]
SE AoE YeRd. 3HAIRE Capacity Cost saving(®3F )7k 118 3] 4]
BAEE AR ESSt FHE&FH] 25% FE7HAE Hejo] dA.

20200 d8]  o)d ESS HI87](50.29 ¥ /MWh-yr), %3] Generation
Cost saving EHRE 7HQF Aol Aol &4 <k, 3kAYE Operating
Cost saving &3} ¢ Aol FHE&F Bl oF 50%7HA= A4l 3
Ao 2 YEMSEIL, Capacity Cost saving E37MA] A 1estd &9
& thHl oF 100% 2] ESS&7F =U7HA Hejo] LA,

rr

& ESS9| peak shaving &2 A3 F 3 Al LR EFE Zol= Aol
gk 719E AF38}S capacity cost saving E37FA] 1# 3, 20159 9]
ESS 714 FEdAE AAGol e ASE YENGARE capacity cost
saving B35 1E|o}A] O ESSS] AA|Ado] sl A,

ESS7} generation cost, reserve cost, capacity cost ZH2F F-itoll SlojA A
HAGEF 71ddste AE AAAIL FeHow BAsiA ESse AF
Hol A4 NS 24T Bask AL
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&, &FH Lo E YFojA st
gojo7t Eofebd &8&E w o ai‘ﬂoloiﬂ AYA2E 8ol 73k
Fgol ok e FQl BAAE ok AAH oz o] FoA L A &= HA.

O 53] dulge] HSols A F3r-2A 48] H(frequency control), T 7]
H| & (spinning reserve), WA <l¥] ¥ (non-spinning reserve) FEI= A H
Fe AL FASH e Fxol7] WEd, FHH 22 WsA Ay
A7 g2 Hgd Ae gAstA ASHEY wAE fs 2ag o

- WA AU A By Sz Wdtets AHAIZE S04 o] AHE
o] FEol Uk =4 2ad

B
O EZ WHsA AuA=z Q13 B AEE afdstr] Sl /M Ta%)
Q4R1 ti7]dn ol gk G4k nlgo] 7o rol s YT w2 2A 4.
- 20061 71 wi7lduE gaarizh AREE 18209/ MW FEQIE ol
m= NYISO9| 2hd Aabdrt Het 5% $10/MW(10-minute spinning

reserve 715)9 1/7° siEEH = w4
- ol dAHo|A] G2 HIHH TR FF T Hyol #58€ W, ¥
HA2J G &0l PlA= ¥
o == H&o| FA4aH7E T F A
TP TE} HE o] A A WHslEoof b H o1
2 THEFI FHo] AHAN 2 st vgol Ui B7F A4
o

oA, wekA ESSe| WEA ARt dAH =L
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