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Capacity Credit and Reasonable ESS Evaluation of Power System
Including WTG combined with Battery Energy Storage System

Qer o dw -HayA gAY
(Ungjin Oh * Yeonchan Lee - Jaeseok Choi - Jintaek Lim)

Abstract - This paper proposes a new method for evaluating Effective Load Carrying Capability(ELCC) and capacity credit(C.C.)
of power system including Wind Turbine Generator(WTG) combined with Battery Energy Storage System(BESS). WTG can only
generate electricity power when the fuel(wind) is available. Because of fluctuation of wind speed, WTG generates intermittent
power. In view point of reliability of power system, intermittent power of WTG is similar with probabilistic characteristics
based on power on-off due to mechanical availability of conventional generator. Therefore, high penetration of WTG will occur
difficulties in power operation. The high penetration of numerous and large capacity WTG can make risk to power system
adequacy, quality and stability. Therefore, the penetration of WTG is limited in the world. In recent, it is expected that BESS
installed at wind farms may smooth the wind power fluctuation. This study develops a new method to assess how much is
penetration of WTG able to extended when Wind Turbine Generator(WTG) is combined with Battery Energy Storage
System(BESS). In this paper, the assessment equation of capacity credit of WIG combined with BESS is formulated newly. The
simulation program, is called GNRL_ESS, is developed in this study. This paper demonstrates a various case studies of ELCC
and capacity credit(C.C.) of power system containing WTG combined with BESS using model system as similar as Jeju island
power system. The case studies demonstrate that not only reasonable BESS capacity for a WTG but also permissible
penetration percent of WTG combined with BESS and reasonable WTG capacity for a BESS can be decided.

Key Words : Effective Load Carrying Capability(ELCC), Capacity Credit(C.C.), Wind Turbine Generator(WTG), Battery Energy
Storage System(BESS), Monte Carlo Simulation(MCS), ESS reliability contribution
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2.1 SSRGS EEHELCC:Effective Load Carrying Capability)
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Fig. 1 Concept of Effective Load Carrying Capability
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this study
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3. WTG+ESSQ) Capacity Credit
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TTR;: #i ‘2 7| 2| #k &t Ef 22| Time to repair [hours]
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distributed random number
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Fig. 3 Flow chart for ESS reliability contribution evaluation
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Table 1 The generators data of case study power system

: a B T

Name | Type Cﬁ{’/f‘\%ty Num. 1\[4%7% IE/%;‘%]/ E(;)%%/ F[‘sf/gggﬁt FOR
1 [HWN| WIG | 150 1 - - - - -
2 [ SSN | WIG| 90 1 - - - - -
3 [HLM | WTG | 60 1 - B B f f
0,010/
4= |HVDC| DC |75/150+| 2 | 0004 | 1512 | 45207 | 43300 |’
5 [NMI3| T/P | 100 2 | 0004 | 1512 | 45207 | 43300 | 0012
6 |Jul| /P | 10 T | 0062 | 2100 | 5971 | 43599 | 0.015
AEAEEE 2 | 0003 | 1832 | 30231 | 43599 | 0.012
8 [HIM1| G/T | 35 2 | 0004 | 2401 | 20.320 | 77909 | 0.013
9 [HIML| ST | 35 1 | 0004 | 2401 | 20.320 | 77909 | 0.013
10 [ U3 | D/P | 40 1 | 0025 | 0364 | 28484 | 43599 | 0018
11 |[NMIT| D/P | 10 4 | 0006 | 1999 | 1360 | 43300 | 0018

Total 145 | 18 — —

E 2 AHHET REASO SEEETR] §Y
Table 2 Data of wind seed and WTG for wind farms

Wind Data
Wind farm HWN SSN HLM
alscale M 342 m/s 342 m/s 342 m/s
B(shape ¥<) 1.85 m/s 1.85 m/s 1.85 m/s
WTG Data
Capacity [MW] 150 90 60
Cut-in speed (V) 5 m/s 5 m/s 5 m/s
Rated speed (Vg) 10 m/s 10 m/s 10 m/s
Cut-out speed (Vo) 25 m/s 25 m/s 25 m/s

O7A o B B Z59) Weibull FERESOIA 22 ~
ALY $<=(Scale parameter) ¥ & H(Shape parameter)O]
Lt 08 5= AHRIET RE@AS9 Hal Hs H4H(pattern)E L
ERdl Z0jn % 62 AMFZAS 1998~2007THE=7MA] Het
25 Hadde FalE HOl Aot o, & Ao AX|st
o] AIg3He ESS AMZe ¥ 31 Zrhal 7SIt Tt ¢ 3

B3} L,=781[MW]Z SISCh

JEJU PS HLVC
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Timn Tanrieal

O8] 5 AT AEAEY FHot HEs F4
Fig. 5 The load variation curve (pattern) of power system
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Fig. 6 The wind speed variation curve (pattern) of power
system (@=3.42, 3=1.85) (1998~2007)
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Table 3 ESS Specification

FHESESmed) | HAEZESwn) | A B/HA |ESSY V18T
[MWh] [MWh] A QAIZ [hours] [MWh]
300 10 2 15
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Fig. 7 Three model systems for case study
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1) WTG Capacity Credit(C.C.)= 13.3%
— ELCC= 764— 724 = 40[MW]|
40
—CC= %X 100 = 13.3%
2) ESS Capacity Credit(C.C)= 38%

— ELCC= 821 —764 = 57[MW]|
57

— CC=—=x100= 38%
cc 150 100 = 38%

3) WTGHESS Capacity Credit(C.C)= 21.6%
— ELCC= 821 —724 = 97[MW]|

= I 100= 21.6%
CC= <100 = 21.6%

ZHUbAY0] ESSE AX|TOZA|, ELCCE 40[MW]OIA] 97
[MWIZ OF 24H] 71 S715HH C.CE 133[%]olA 21.6[%]=
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Fig. 8 Variation of LOLE of three model systems according to
changing of peak load(WTG=300[MW], ESS=300[MWnh])

4 REASE AFE R
Table 4 Reliability evaluation result of model systems

ELCC [MW] Capacity Credit [%]
WTG 40 13.3
ESS 57 38
WTG+ESS 40+57=97 21.6

E 5 X%9 Hglo] W2 LOLE C.C.[%] (WTG=300[MW])
Table 5 Variation of LOLE C.C.[%] according to changing of
X% (WTG=300[MW])

Input Conditions LOLE Capel((]i:iisfccc YF&%VSQSUMS %]
wiG | Ess | xw | WO | EF | wIGHESs cC.
(MWD | IMwWRT | ol | ercey | eco (ELCC)
case 1| 300 | s | o1 | G B B
Cse 2z | 300 | 30 | 02 | G | i | usisiemn
Case 3 | 300 | 300 | 03 | G | o | useeen
Cose d | 300 | 300 | 04 | G | 45 | useims)
Case s | 300 | 30 |05 | G | Gy | wseees
Cose s | 300 | 30 | 06 | G | ) | useiea

CCE Z7MA71=t ESS9 SulE & Ziog AlgHr)
5.2.2 X%E W3} AR EL

¥ 5= WTG €& 300[MW], ESSOIURE-ES 300[MWh]
(ESSEEEH=150MW)CE &Y X% Mgl wE
ELCCE C.CE UERH Zolth oi71Ae B4 Case 1'E Base
CaseZ AFSIACE. ¥ 5014 FHTiRsHiH] WTGS 51&33H
& X%2 E7IZ 220l WTGY ELCC ¥ CcC: E7ishd
ESS AHRIS] ELCC ¥ C.C7t F43] A4agOZ WIGHESS &%

ol HX| M ZZH x| of Hetst WIGE Z&ste MHA S| Capacity Credit E7t % ESS ME 72 #®otatet 927
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9 ELCC ¥ CcCk &4ages & £ k. wHA, Y
CC.=216[%]g Zt= FE X%'= 01[pu]¥e & &+ Tl GE
0] X%=0.29[pu] E0lA C.C7} ¥FAEE A (Break point)O] &
Aste & 4 Jor I8 9& olg HQ Zojt) mweEiA 2 A
9 Ao WIGY ASEY o182 uEstel 29% F,
781 [MW]x0.29=226[MW]7Z7HK] WTGQ] £#0] FHal2 HIEZ I3
CEE 585015 CCHOA o5 & 4 Uil AlgErh
TS X%=0.6 [pu]l¥ ZB<Lol= ESS C.C.o Frol A9l oo 717t
SEZ, ESSO| AR 97t A QIrtal AlgEch

40
35 N
30

2 N

{ 24 & N
20
1%] N
s . (0.29,14.4)

01 072 0'3 074 0'5 0?5
X% [pu]
8 9 X%<] Wsto] mE LOLE C.C.[%]
Fig. 9 Variation of LOLE C.C.[%] according to changing of
X%

E 6 X%9 Hglo] w2 LOLE CC.[%] (WTG=600[MW])
Table 6 Variation of LOLE C.C.[%] according to changing of
X% (WTG=600[MW])

Input Conditions LOLE Cape}%ilt‘yccc rfﬁi\svﬁesults (%]

WIG ESS X% WTG ESS WTG+ESS
tMw] | DMwh] | [pu] cC. C.C. cC.
(ELCC) | (ELCO) (ELCC)

o e B I A i A R e
S| o | a0 | os | |G | qormciao
Go | o0 | 0 | o | @) | Gy | owsee
Sl o0 | w0 | 05 | ) | Gy | aossaes
Gl wo [ [ oo | 5 |6 | i

olE, ¥ 6 ¥ ¥ 72 ESSOIUAIEHE 300(MWh]Z &S
5 WTG %€ Z2Z 600[MW], 1200[MW]Z & Bl X%2
Halo] ME ALEWRE HQl Zolth of BEREH SR
o] gl mial FO CCE e FF X%9 Ftol dekEe
& 4 QArt &, WIG=600[MW]3} 1200[MW]oll thsto] zzt
& X% =0.2[pu](Case 8) & X% = 0.3[pul(Case 15)0] H&
4 Qo ESSO] g#o] UFE uf WIG g80] S71EE 3
Ol CCt2 dastrnt H5 X% = S7kte 2102 UEKITH

12 b

928

Ol ESSQ| o] 9&g u] WIG 20| 71842 E71E
WIG 8802 Qlst0] CCA2 BORAM sYst WIG S8
TSI E FOIRSIHH] WTIG 239 518290 X%E =H0iF
= Z0] Aoz Fsalrtal Abgdrh 1L WTGO| THEst
SlEe FikrHEE XUSIEE X%e HESFE 0 ¥ 82
ESS=300[MWh] FAstolA ®sst 371K A<o] thsto] ELCC,
CC 2 FH X%'E Hlwstol 2 Aol #FilZ Case 1, Case
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Table 7 Variation of LOLE C.C.[%] according to changing of

X% (WTG=1200[MW])
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Table 8 Optimal X%~ for three cases according to changing
of WTG capacity under condition of ESS=300[MWh]

WTG+ESS .
WTG [MW] X%" [pul
ELCC [MW] C.C. [%]

300 97 21.6 0.1
600 158 21.1 0.2
1200 243 18 0.3
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Table 9 Variation of LOLE C.C.[%] according to changing of
ESS Capacity (X%=0.1[pu])
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Table 10 Variation of LOLE C.C.[%] according to changing
of ESS Capacity (X%=0.2[pul)
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Table 11 C.C.[%] of Group A (X%=0.1)

e LOLE Capacity Credit Results [%]
Input Conditions (ELCC [MW])
WIG | ESS xi | Lo | Ee | wrGHEss cc.
[MW] | [MWh] [pu] ELco | @Lco) (ELCC)
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Fig. 10 Comparison of ELCC and C.C.[%] according to

changing of WTG capacity under condition of

ESS=300[MWh] and X%=[0.1]
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(a) Case 1: WTG=300[MW], ESS=300[MWh], X%=0.1
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(b) Case 8: WTG=600[MW], ESS300[MWh], X%=0.2

[Hours/year]

100
d
&
o0 5 / S
< -
0 £ s/
/ £/
70 b / &
I‘
LT Ve /!
A
o o Ve /s
L [ ra £
Sl ” /
A 0
0 | »~ X
A System C
20 L&
o L T2 (824) (96:
e
: ;l.--1—i""(‘ | M
E8299S’.SE’.Egggza%ggazggggz%gaazggg

& AT 25 L (MW

(c) Case 15: WTG=1200[MW], ESS=300[MWh], X%=0.3
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(d) Case 20: WTG=300[MW], ESS=200[MWh], X%=0.1
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(e) Case 25: WTG=300[MW], ESS=100[MWh], X%=0.2
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