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Abstract

Recently, ESS became efficient device to stabilize electric power supply system with the
development SG related technology. In fact. there are some constraints to supply ESS, because of the
high cost and required space, but rapid technology development for ESS will make it more useful soon.
So, through this paper, we analyzed the benefit and demand effect when the battery is applied the
building based on the measured energy consumption. After that, we got the conclusion that there is a
volume limit in ESS application, in a benefit view point. And we realized that there is a demand
violation, and the Cost-based BEMS 1is the best solution to enhance the effect of ESS application.
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Table 3. Daily cost for lab 2, 13 (High demand
day and low demand day)

219 (2))

Original ESS Capacity (kWh)

Data 500 1000 1500 2000
193¢

- 2,770,800 | 18,300 | 43,500 | 71,500 | 109,800
()
10913

_ 618,280 | 21,790 | 43,570 | 65,360 | 87,450
(HA)

Ct=DcxD+TOUxw 1

o7 “Cf'= € d71830H, “DAd’E Demand &
=, 283 “D’+= DemandE o|v|$tt}, &k “ 700"
= TOU(Time of Unit) &7, “w= AH)E A7) 32
o gt TOU 872 54 Alde] 242 F=d A
H3A7}F Al a3k Demand 3418 3 49} 2t} 2
(DS A3 499 3 I3t Arjes 2kE o 2
HEH, w7 Q57,4307 ]2 8.5) <450k W(H
tH 9)+46 2 (-3 L) <104 7HR. 7D (F7 3}

T)XIAITH 162 (FH )-8} 8 =) x56A1 7F=3,345.9%
%]/%}xBO%J%”% 2t} weba wig E]E TOU7 IRk
o2 g ARSAIZ T4, T 2 R
AR W o s 7] as At 7hssit)h thet
2 o wigg4, 424 %2 Demand’ds &
o] 7ol me} T} AAgo] GEER old HE
o] R 1ejxlofof ghri5].

AE787F 480 W2 Demandd e 2

q g

O:

" 4. LHIZ(S) 122 LIE
Table 4. The electric charge for general(B) :
contract demand of 300kW or more

Ad Q2(Y/KWh)
ez
T gy | | dEr | owher | A
189) | G69109)| (1129
2| I 52
1% B o 1
qg| T |30 w1 | %09
3088 | 1®0 | 8% 13250
A4 2300~090
09: 00~11: 00 09: 00~10: (0
8| 12 0-13 0 12 00~17: (0
RRE 17: 00~23: 00 17: 00~20: (0
11: 00~12: 00 00120
A B3 ' ' 12 00~17: 00
R I
2: 00~22: 00

2.3 HiEE XgZit

2.31 A7) 2Rl A§EH
olel ¥ 5513 47k Al de dlolE g Ueh)
w74 4,5, 6, 79 E-2 500, 1,000, 1,500, 18]
5L 2000kWhits HlE|2)e] 48] e 4w
#olg nelFn govt Welel §3 So7) A
Z7el ARAd B & 5 ek 74 134 190
983 49, e vH g

193155 0] A7) 2ol WAG | AL (L
) ARBAY F, F7 2 AR
W o2 8655 (=79,315-78450, 500kWh24-&-A]),
1,87474 1(1,0006c Wh 2] -&-A]),  3,001(1,500kWh*%]-§-
), 420879 (2,000kWh=&-A))e] o] 5o] 747}
AR,
R e R
g Ao} W ESY oSS vEh
& 2719] W8T GE nolF Aok, oA o
= (Cost Benefit)& WIE2] 48, 148 Ale] Aol
ofuj g,

N

ofN > > o

N

Journal of KIEE, Vol29, No.5, May 2015



® 5 A2 FIS Hlo|ef & ESSHIE)
Table 5. Original data Vs. ESS(Cost), 2nd Lab
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2013 Original | Original ESS Capacity(kWh)

Data Data 500 | 1000 | 1500 | 2000

January | 985500 | 79315 | &5 | 1874 | 3001 | 4208

February | 450,120 | 64221 | 9714 | 2025 | 3087 | 4114

March | 364700 | 45971 | 664 | 1328 | 1987 | 2642

April 322710 | 42671 | 643 | 1296 | 1944 | 258

May 700 | 42177 | 670 | 1340 | 2009 | 2669

June HLA0 | 57137 | 1634 | 3267 | 4900 | 6521

July 369800 | 59954 | 1688 | 3376 | 5064 | 6738

August | 381220 | 61491 | 1686 | 3368 | 5047 | 66%0

September | 318860 | 42,153 649 1297 | 1945 | 2583

October | 316430 | 41,927 | 670 | 1340 | 2009 | 2674

November | 343870 | 54097 | 1201 | 2406 | 3616 | 4309

December | 455450 | 66452 | 1108 | 2355 | 3537 | 4715
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Table 6. Yearly cost of energy consumption for
2nd Lab, '13
Ind Cost(d ¥g)

Lab | Without With ESS Capacity(kWh)
2013 | ESS 500 1000 1500 2000
Yearly | 657.804 | 645347 | 632534 | 619658 | 606858

Cost
benefit

-12457 | -25270 | -38146 | -50946
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Table 7. Demand data for 2nd Lab, with and

without ESS,'13

Demand(KW)
Month Without With ESS Capacity(kWh)
ESS 500 1000 1500 2000
January 21661 | 20411 | 19849 | 20274 22078
February | 19214 | 182564 | 1889 | 19336 1,944.0
March 16607 | 16711 | 16816 | 16920 1,702.4
April 8.3 7806 7806 780.6 8145
May 8.0 7314 7314 7314 7314
June 12423 | 12423 | 12423 | 12423 1,242.3
July 15074 | 15074 | 15074 | 15074 1,5074
August 15618 | 15618 | 15518 | 15518 15518
September | 842.1 812.3 812.3 812.3 812.3
October 781.1 7402 7402 7402 7765
November | 18131 | 17372 | 17476 | 17580 1,768.4
December | 19680 | 1850 | 19055 | 19159 1,926.3

Cost-Based BEMS

Uncontrolled load(-}

Renewsble energyl+)

Controlled foad(-} [~ 4 1 - e — £

Total load -

Demand control

T2l 4. Cost-based BEMS 712
Fig. 4. The depiction of Cost-based BEMS
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Table 8. Demand ESS cost benefit

Won
2nd Lab ESS Capacity(kWh)
500 1000 1500 2000

Cost benefit
(High demand month)
Cost benefit(per year)

-825,700 | -1,194,108 | 914033 | 274,803

-9,885,000 | -14,329,296 | -10,968,396 | 3,297,636
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ol 1 34

2nd Lab ESS Capacity(kWh)
500 1000 | 1500 2000
Cost benefit(TOU) 12457 | 25210 | -38,146 | -50946
Cost benefit(Demand) -088 | -14329 | -10968 | 3297
Total cost benefit(per year) | 22342 | -39599 | -49,114 | -47648

Return on investment = (gain from investment - cost
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investment = life cycle (year) x cost benefit per year
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Table 10. ROI for applying ESS

ESS capacity (kWh)
500 1000

Note

Description

(DAnnual cost benefit with

Demand reduction (Won)
Gain of investment = @Dx7 |- 156394000 | - 277195072

22,342,000 | -39599,29 | 7 (vears)

MPP
i
PV 25KW DC/AC
60OV 25K
DC PVEPCS
[AC-Grid]
34 380V
PV 25KW
600V
7]
LAB EE
100KW T R
SOKW
EEST] .
400V Hybrid®
e PCS m— AC
PIEIET m— D
LIB DC/AC
100KW 50K
sHA ESSEPCS
420.4V

DC

T2l 5. AZ ARJAMRESS, PCSAMH|T=E THR
Fig. 5. The Overview of PV, ESS and PCS

* 11. BHE{2] AFRF
Table 11. Battery Specification
Lithium
Lead storage battery
battery
Capacity 100kWh 100kWh
Charging rate 0.1C 05C
Discharging rate 025C 05C
DOD 30% 50% 80%
Life cycle 1800 1500 3000
Cost(WON) 70,000,000 100,000,000
Gain from investment(WON) 31,918,000\ 28623000 | 65938603
fcstment{ON) 700000 | 500000000
(cost of battery, PV, initial setup)
ROI -09321 | -09391 | -0.8681
. ROI. » -09137 | -09226 | -0.8351
(without cost of initial setup)

* Previous demand=2350KW (lead storage batter
does not control demand violation)
* PV of 50kWp is integrated

D
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Where PV generation 1s generated power from Photovoltaic with the relation:
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Table 12. Description for abbreviation of PV

4 Total solar panel Area (m?)

r solar panel yield (%)

H Annual average irradiation on tilted panels (shadings not ncluded)*

Performance ratio, coefticient for losses
(range between 0.9 and 0.5, default value = 0.75)

E Energy (kWh)
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Table 13. Forecast of Original data Vs. ESS
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' 49
Lab? Consumption Cost(H4)
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o Original ESS Capacity (kWh)
Original Data

Data | 500 | 1000 | 1500 | 2000
January | 553280 73997 | 1040 | 2130 | 3197 | 4327
February | 476,320 65629 | 95 | 2012 | 3126 | 4220
March 412,740 47613 | 68 | 1320 | 1979 | 2,638
April 337,050 41416 | 6483 | 129 | 194 | 2592
May 321,330 40077 | 670 | 1,340 | 2010 | 2675
June 341,890 54109 | 1633 | 3266 | 48%9 | 6533
Cost benefit 322341 | 56245 | 11,365 | 17,156 | 22987

74 A9 Demand’| 32 do] 2o 5 7189
Demand”} St} EE3F 59 Demand’} 31, 80

Dermand7} 5t} 21202 .5& TOUSH Dermend”]
Wko 2 o FolX|i=t] F7k S HrjRatAgkel v
s R g A oE oA e,

AN QTEE Bl WA RSN B
o 26 olge] SFo] ¥ohES & 5 Y, o] 7]

Rroz g o] gR-sh A S a2k

W gae] AEeold At iEele] f-848 3
o % 4 54306k S Dennd el ol 52 97 71
Demand7} & wlol] 4 83e] A 4 glgl=v], F
ABHE Bl o] 7L AL A7) WS F|a 1R
o= 4

2.9lo] k. AlEdlol g Fal e Hgow

3lo ﬂ-%{_,_ .Q_Ek 57]-; i
ARt AH[FEAH] R]
Hel A 301 @H]ﬂ-Z{

=

g 10
2 L to

=

®

.

L)
T NIO
N
il
>
X
d

n

Al

Journal of KIEE, Vol29, No.5, May 2015



ees] ARk 4, B4 2 A e 4
rs—H Aoz TOUR £, A 5

>4

A7} 718 HEAL-S 1elste] ESSEWAL ko
f—m TOUZ|REAlo] 9] T %L aL
ESSHAAAE Fal A1
i ek

Power Consumption at Lab2 on Jan 9, 2012
3000

Oniginal data
Data with ESS capacity = TS0KWH
SOC{%)

Chatging/Discharging Rate
= S00KWH

2500 -

2000 |-

Z 1500t

SOC (k)

1000

i i i
, Qif-Peak | t ¢ Peak i T Lo -10%
2 3 45 6 7 8 9 10 1112 13 14 15 16 17 18 15 20 21 22 23 24

Timeihour)
JE! 6. ESS 3HI0f Z1f Jef=
Fig. 6. The Graph for ESS manual control

Power Consumption at Lab2 on Jan 9, 2012

S
=3

Original data
Data with ESS capacity = 760KWH
SOC(%) Y

2500+

2000

Z 1500k

\
H
H
H
< H
1
1

SOC(%)

1000

'
|
'
‘
i
i

'

L
'
i
i
i
'
i
i

- = 90%
500F

1
D12 345678 92 1011121314151617 1819202122324

Timalhour)

J8l 7. ESS ZATFE HMojZnt Jef=
Fig. 7. The Graph for ESS computerized control

B eRe Ea) 24 g4 A2¢] H) Demand, ¥

2 Demand2e] 5-alo8, 97 2 A7k 2n]d7] 8
& 77t B8

Demand4+e] o] 5-& wHal5)

=
a3k & WA E ROIE &

BN
&
L
N
e
)
o
o
(i
i
x
2
[N}
©
£
2
ol
fol
Do
(e}
—
ol
T
ol
i)

o

0,
of
i

o UeRg S SIS A%e] wjE2] 4 go]
=3l wet 245 Demand 57 2@ =
Q7] W&o o] HX|E F Q= Hr o] dynE=S

Al == A, vl e] AR7EA, AFES Rk gl
Al AE7HE Hel BAS B o]8d HES 3
vt Aesow wojEde S8 wiee sHAda
2 H A4 Cost based-BEMSA|©] ¥ Demand¥+2]
o) 02 el W o s ROVAs] )
Ao ke, Y el v

fois
=
)j].% Egﬁ Al XUGQJ .14 0161:/\1—._
o]

Wi & ooff off

References

(1) Architectural sustainable environment and building system,
Special Issue, pp19, 2010.4.

(2) DRRC, Emest Orlando Lawrence Berkely National Labora—
tory, 2007. A-13.

(3) KEPCO, A study on the Practical DSM Policies in the
Power Utilities, pp. 97~100.

(4) KEPCO, DSM theory and practice, pp. 227~230. 2002.11.

(5) KEMC, A study on the cooler DLC for large building, pp.9
~12, 2000.10.

(6) DOENETL, Market Analysis of Emerging Electric Energy
Storage Systems, pp. 13~17, 2008 July.

(7] KEPCO, The study for validity of adopting new DSM
resources and developing supporting program, pp. 263~
266, 2012.

O MR

T FHORESE)

1962Lﬂ 129 104 4. 1985 ofFd st
Ax ek 290 19800 2 s 2kl
gty &9, 20029~ A E=goisun
HHEANZE AR



