ISSN 1975-8359(Print) / ISSN 2287-4364(Online)
The Transactions of the Korean Institute of Electrical Engineers Vol. 63, No. 4, pp. 455~460, 2014
http://dx.doi.org/10.5370/KIEE.2014.63.4.455

o
A H S M"*Oil et A4

A Study on the Evaluation of the ESS Capacity of Considering for
Charge—Discharge Characteristic and CO2 Emission in Jeju

SERI AR
(Bon-Hui Ku * Jun-Min Cha)

Abstract - South Korea’s power consumption is increasing every year. For stable electric power supply, more generation
facilities are needed. But it is not easy to build nuclear power generation facilities, so provision of renewable energy is
thought of as the solution. For the system’s stable management, practical use of energy storing system is needed.
Currently, pumping up electric power station is considered most useful. In this study, we have calculated the least
amount of energy storing device by considering the renewable energy, HVDC, and change in power for the appliance of
ESS in Jeju system, according to The 6™ Basic Plan for Long-term Electricity Supply and Demand. Also we have
calculated the amount of the battery and about the load equalizing effect to use battery as power storing device. Finally,
we have calculated the reduction of electricity generation and the reduction of CO:2 emission with this study.

Key Words : ESS, BESS, CO; emission, The basic plan for long-term electricity supply and demand

.M B 25 5% dauE A5FS e

2k_iel WAy "7)7171e] BEgo® st f-guete] 2. of LA X[ X & & X]
Ag ave vid F7kete] Hd 44%9 SUHES Hola
Atk FHZFEt] &3] fste] A Fao Tt o 2.1 o x| & & &x|
2t W] A H AAA A ] HFo] tigte g AA| ESSE dgel 353 F89 #8S FA87] At At
i AR WEAdol & AR AFAA AEHF & JbssiH, A9 Fart As W FFHAEE AFsta 7
42 o2 ddde digeo] oy, YAHEEHE Mu) 9 Fslol A wlgAle HEe FHE Ao S
FAERE ofyeg R FZHA] tdo] oy 54 F3te] FAHE Axetal dEonEE Eo ditE A
& Holi 9tk AlEe IAHAHA +FE At AUAA Abare] Ao R g & vk "EAFAAL] YA
ol digk dode 3 o] gtom o] o HIs F AR e e Fud Fr)d wa Fr)e @7 F7
2 b a0 A gielo] g 7bsatth @189 82 E Fug 32 A9z, A9 F

62t AEFF7|EA G| 2 AutEaRE GRS 9 AMA, AARANIAYL EHHETF M T Ge] 7%
sto] oYX A A 2~ (Energy Storage System: ESS)S- st A7) A de 2 HFH-3 27 (peak shaving)d H-
2015 500MW, 2020 7F4] 2,000MW = g & o A o]} sl 3t(load leveling)E &3 F3l9 ol&s HHo=z v
[1]. ESSe] Hgoz T T wgol Ad dddde th ESSE A AR Eogs £HE v 5 9
FES E8H0E AME JhestH, Ale B 70 o g% A sta dvk. dA AHEF ESSTE SFrHde A
o} ESSE =Yste] a3 &go] 7hsstth el Ao dolHgor ggetn A sl Aol Ao

2 AFolA = AFATY AUAAGTEA ALS 95t A AHEE ol PHoZ AHEH T gtk ESSe &/
A 623 AEGFFI|EAYS viE o2 A=, HVDC, = e g oY% A &4 (Battery Energy Storage System
FEWEY 55 18t AdUAAGEA ] HLEFS A BESS), &Eztold, 4537] dux A% To] dew 4
Aatal, wEEE dYAGEAR ALY 9% 54& W A grAol g de) AbgE L glTh
date] &HE AAst FaEEst el diste] A+-s)
Atk E=3FH olE Fate] stEEdAduE ol &3 AT F 292 HIE{2| 2 0|23 of L A| A EHEHX|

A
siEe) oA AggAE 3t

. . ; . 81—7<491 HFH O E 5 @E’ﬂ
¥ Corresponding Author : Dept. of  Electrical Engineering, B B B ? B O_H = & ok -
AUAE AFsHe Ae dek Delgza B ohet

Daejin University, Korea i . A
. . . Zx u o
E-mail : chamin@daejin.ac.kr ame =X vq A3 S8
= = =
* Dept. of Electrical Engineering, Daejin University, Korea 2ol NaS A, FFAA el
)
i= ‘T

Received : December 30, 2013; Accepted : February 18, 2014

g 0

o,

ofi

N

N

o
e A ()

HE2 SUHMSHe Deid MFASe MY ESSS Tt Bt &2 Mo ek AT 455



HM7|1&s=2X 63 43 20144 43

o Hlgo] gol £ A §Fo] AY] wIol ¥-stEEd) X, o FEEAY o] & E[PU]
|02 NaSHA7} F& o] &5 gt} NaSHA = oy
ARE=7E 3 87t 7hed v a2 A 8 Ao NUA A GG ] HAMUEF Cs BAE7] 915t
= A ARl EA . Agel Avsacls HVDCE®, s ae Aztate] 3

BESS= &#WEol 2 A A s AA s F S 2HAET HVDC AB| 43S duizz o 45 &3
23 82 FAEILh 53] Aot 2ol THwA AL 3} 13 Me] AL d9RS weste] Auo o] &
ol Aol HTH AT F5= THLH L& BESS &5 9 Wt w02 AP
b ARSI REA] Astel 43F AYS FESE
AFTO 3 S 3] 3L 1l
'_|§E‘_E §l—]’;]— @_ZH f’ﬂﬂ]z‘lgi BESSQ’] 74]%0\374] ___i%:g CvESS:LmaX><(1+R)7(CHVD(”><S)7XT (2)
M AFEAR 2gEn glom Faizd, e, a5y
=3 = J o o ol ¢ 1
O TS SAE A g Al W Gy 5 AUAAREA L 2 sAn G MW

- =] 2~
3. WiEl2l S48 Do ESSBY AW wmalF Tax AT R IMWS
Cyvpe 3 HVDCE HMW]

AFAB 4871w A2 ESSEHE 4] slsid § o PHVDC £a8 9 mEPy]

Ar) a9 wA7le #97k5 6, HVDCA AH 58 o AP

=
#3li, BESSO #HA &%& Fatdde A&

7
EMS 0|23 29
BESS®® Latsh @awMEdEYe YU BESSE 32 tElel SS& o8 ESSS 23 -
/‘\lxé:‘l}_ E’_]_'_/;\_HH%%L ixéHcL%% 1%} 1:‘1]_ QE} BESS'O’] %Z‘]l—t %L‘;ﬂ/g—ﬂ]g]' Hg—%i}v})]—ﬂ]i L]'—I—'o‘} 7(6]9,]53]—_,_
AT e Ae wEelel FuA deel wee el ol
vxoltt o2 4 3)7 (4= wiEE Y FHAgEH e ol
Egubdiel ;ﬂ_’gﬁxlﬂs, dH|o| 82 nE YA = Jert4-5]
47| BT BY LHE
¢ = . t+1 t ¢
A BT =E'4n P} At (3)
A 20 HVDC, &H7| S2#7Hs 222 .
BrHBLO| ESS A 83 A WA g g T o @
¥ "l
HHEZ2| =2d E-40 ™A EE n2{sh
BESS 8% ¥ o BN tAzbe wiEE W 4 o) U R [kWh]
t L=3 o] & =
- y HERY D7 0E= o 2 V12 M2 28 94 A W]
ot E 48 Ul S BESSE2F AL n, G EAEE
¥ ¥ 77,1 WAES
« HESiufEof 2 BESS 2gEet
. BESSS 0|l M2 StAHE L= AN ] ] ]
FAAE e wEE s FHa 80 8 mgE WEed F
T2 { BESSE2F AMY U F1} 2A gy Aol wal, FAFEelAE FH AMuyl dE€HE AH s,
Fig. 1 Evaluation of the BESS Capacity and Effect Analysis A Hel A BAEEE weste] AAMHEY AnE e
method oy x| 7} %A At
ZA7s Age WAAE(Depth Of Discharge: DOD)o
os] wureth LAAEE v wAAdgES =
31 oL X| & AFRFX| B2 ALY j;ﬁ 9% 3 ] l 1‘3]‘4 A2 E e
) ) FAZ, drHod HALF dist & HE e
A Ao A8 7hee dUAAGGA e 44 Adu] g = o0/ 0] Hha] Al = e bl =
_ ) ) ; ) ok = 100%9] AN EE  HlEE Fel =HE" oy
S AHAEE] Helde 1A A AEe E8¥¥WES nEs o e e o =
- n A AE wE sl ALgahs Aol 80%e] M EE W)
FASEHX)E AR BT B E S AA W) - AN .
! ] T gaed 249 quAe 0% AHEEA era 800t %
o Aulgl Al nFYAGES A4 S} F
k7)ol v gFol o]&ES W Ao Ftow H Service Life (cycle)
A% 5 ATk BE $Av)e 23RAREL 051%1F 9B mown
qgape], EHAsY ol $8S [%1E A& TTH2-3] 1000 \K
>
E 10000
X, = PGX (1= X,,) + WGX X, 1) T ——
£ 1000
®, X, FHEEE 1% /bS8 HMW] o e nm e e Gm Tm S e 1
5% 10% 200% 30.0% 40.0% 50.0% 60.0% 700% 80.0% 90.0% 100.0%
PG AR A7) AH] S HMW] Dethf i
Xpop > BR719) 1A A 8E([PU] a2 2 sie2le XAl Z el AO|Z[5]
WG FEEE7 e AvEFHMW] Fig. 2 Depth of Discharge and Cycle of Battery

456



AFE FAAGA vste] FRIE A ALEEe ol v
o YEES §HXAERY] AAME 53 FF JEd
9lo] BetAges wolxm ut dAAl 3719 AfIFdAs
o} AF-&A7 AAAAMMHVDO) LR HAHYE TFLL
de AFATE A 62 AYFFdAZed 2w s
AHAHE 9 o] S48 &S AGoln, iR A
Ao el F94E Al 2027delE A&l
938MW7HA Z7ket Aol tH1,67]. AlFA S A
% Aw g TAMWolt}h. Ffet /5 Agste 7]E,

Wl Sk o] 575MWels 110MWe] 23715 9
Zh=EHle] 165MW £l &Folrh ths ®E 2% 2012%
FHAg Al ¥ AT sHwddv] e BAP Fo| o],

ot

RV

P

E: 1 M 6k M ZAHEo wE MFEASe deTN
Table 1 The 6th Basic Plan for Long-term Electricity Supply
and Demand in Jeju

(2Hel: MW)
o e AR o
A= SRR 2ae% | 4274 HVDC | &4
2012 740 116 3 150 669
2013 740 149 4 400 715
2014 740 319 9 400 720
2015 740 574 13 400 738
2020 685 938 19 600 815
2024 685 938 19 600 850
2027 685 938 19 600 893
Ex 2 20124 M F U™ Md|et UM HE
Table 2 Thermal Power Generating Unit and Condition of
2012 in Jeju
WA A& A
[MW] [MWh]
714 A F 150 901,427
(5 ) A 200 1,310,473
E3hs e (5 ) st 105 120,603
0l AFGT 165 2,313
e AFud 80 471,846
() AT 40 49,900
A 740 2,856,562
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Table 3 Power generation and power consumption
(2Hl; IMWh])
2008 2009 2010 2011 2012
HVDC | 1,146,540 1,015,469 1,181,431| 1,175,007 1,144,895
714 1,923,483 1,988,474 1,967,511 2,014,840 2,211,899
Bl 334,670 507,627 523945 602,019 521,713

53 24,282 48,214 46,244 44,827 120,602
7F2=E Rl 693 907 1,168 1,085 2,333
217 2 71,511 117,619 175511 195761 206,313

3,501,179 3,678,310 3,895,810 4,033,539 4,207,755
AR | 3,183,210 3,352,343 3,574,624 3,710,080 3,364,639
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Fig. 3 Load Pattern in 2009~2011
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Table 4 Hourly load Condition in Jeju
Azt ]
1 02:00~06:00 73 -3}
2 06:00~19:00 =3t
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k3 6 IPCC Etiti &A%

Table 6 IPCC Carbon Emission Factor

= 2

AU g2 E A5

[kg C/kWh]
A ek 0.860
A 0.689
7} 0.460
nlo] o wjj 0.037
el o3 0.030
449 0.016
49 0.011
] 0.009
g 0.384

= 7 HMEASH M Jts8 A ESS M| MY
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Table 7 Calculation Results of the Minimum Installed

Capacity of ESS in Jeju

A &% HYIMW] 93279 Y MW]
2012 2.75 22.95
2013 7.35 33.15
2014 -5.05 49.75
2015 -63.65 38.15
2020 -39.72 128.88
2024 11.88 180.48
2027 11.88 180.48
MBS o]l &stel AT a3 ESSE 9 BF
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goll e mA7] gl 80%= EFete AL g
W 2013dS VIFo® Fag 3BISMWE Sw3at7] 93t
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Fig. 4 Load Leveling Effect for Cost Reduction
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Table ower Source Capacity Factor

HVDC | 719 | W4 | B% |7l2gH) A94

2012 | 871 72.1 74.4 131 0.2 22.1
2011 | 894 65.7 57.3 3.1 0.1 23.8
2010 | 89.9 64.2 49.8 3.2 0.1 21.4
2009 | 773 64.9 48.3 3.3 0.1 16.5
2008 | 87.3 62.7 31.8 1.7 0.0 23.3
B | 862 65.9 52.3 4.9 0.1 214
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Table 9 Generation Electricity by 6" National Electricity
Supply and Demand Planning
(Sk2f: [MWh])

ag A NAA | HVDC
pupg VAR A
5
2012 | 3,864,639 | 2,854,214 2,333 206,313 1,144,895
2013 | 3,937,000 | 2,976,867 | 1,300.86 | 279,321.4 | 1,132,668
2014 | 4,058,000 | 2,976,867 | 1,300.86 | 598,010.2 | 3,020,448
2015 | 4,183,000 | 2,976,867 | 1,300.86 | 1,076,043 | 3,020,448
2020 | 4,839,000 | 2,976,867 | 867.24 1,758,412 | 4,530,672
2024 | 5,363,000 | 2,976,867 | 867.24 1,758,412 | 4,530,672
2027 | 5,720,000 | 2,976,867 | 867.24 1,758,412 | 4,530,672
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Table 10 Result of Carbon Emissions and Reductions
using BESS-HVDC-Renewable Energy

(Et2l: T-C)

CO2
5%
[T-C02]

173,374

A% | gy laagEvDCMg e B2 | 22
2] 4 WEHE S

2012 11,484,021)1,927,138 2,269 12,594 6463,426,669 40,31

2013|1,511,8081,943,264 3,073 12,459 9273,471,631] 106,814 459,301

2014 1558272 401,505 6,578 33225  1,4052,000,9851,625,2896,988,742

2015|1,606,272 89,744 11,836 33,225  1,124/1,742,201/1,933,5858,314,415

2020 (1,858,174 399 19,343 10,387  3,626/1,891,9302,043,5038,787,063
2024 12,059,392 399 19,343 13,861  5,0592,098,0532,044,9368,793,226
2027 12,196,480 399 19,343 18,181  5,0592,239,461)2,044,9368,793,226

2003 ~2012¢1 9 AA8ldl wew AFATe 2d
[e]

o] MYamEnd of 10% AA YeEdE=z, AFAFol
dad & HdF2 d=Hav e 110%S 7Hdsksith wiE
Zoh AN AL R d S dgAste] £ FyEa
g RS HVDCE 358 u, gamEwd 444
#E F 100 “ERHRIT. sEREAY] T 7 -ud- 59
WAZIE AFEEA = 247 AREET] A ks
Hrle E9st= Ao 7Hgskar

2012 AlFAF AdHau " 3864,630MWhol L, F
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_“_:. °©
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