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A Study on Sizing of Battery for Effective Operation of
Stand—alone Renewable Generation System
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Abstract - This paper presents the method of ESS energy capacity calculation for stand-alone renewable energy
generation system consisting of photovoltaic energy. There is almost no power from photovoltaic system during sunless
days. So this source is very weak in terms of the power supply reliability. To improve problem of power supply, battery
is mainly used Energy Storage System(ESS). The number of sunless days and Depth of Discharge(DOD) is important
factor to determine energy capacity of battery. However, a many study for economical design is required due to the high
cost of ESS. In this paper, we propose the new method of ESS energy capacity calculation by applying different DOD
for operation with and without sun. We determine the Battery capacity using higher DOD of operation during sunless
day than the DOD of the normal operation. And we carried out an economic analysis of the calculation results.

Key Words : Stand-alone generation system, Photovoltaic energy, Battery, Depth of discharge(DOD)
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Fig. 2 Depth of discharge vs cycle life

T ® AN —
lﬂﬂu_LUoi = o B B M E do do -
%Iﬂo_«ohoiJ N ol ﬂﬂAmﬂmLMn = = =

~ o ) >
n.Eu&rim X o+ Wr_. Jo _ = ) ,i =) = ”

ET = Oﬁ — WE ﬂw‘_ ot X0 M\Iﬂ k) O#E mm.o C..# AT L m £ W_ _

R R K = |3 |¥ N SIS I

of R TR e P g 2 Z = P Tl
F W G TREIT =3 |8 8 7 /)
BE oy P X T & d e 5 =3 " ! 5 \ _,,
wR A o MTT T T BT=g o (& |8 | L il
o T 3 guarmﬂ%%ombaﬁw T S, |Balg | o 4 | BRS |
e ﬂz%%%uﬂﬂm% LT s E|S R R R R 74 4 -

— = &N — L T ! o S
= ‘Mo El " >~ &.o “ml o ﬂ_ol X0 OE =3 DE o ‘mW - — m ..nw. % ! \\ : b _IMH”_
@f;r_cﬂurﬁg;t,aggowﬂﬂar.urf =° |22 [ E
]ﬂ-rq_%ﬂwﬂ,%ﬂﬂﬂevﬂwmoow:ﬂﬂh% (S Sg|le ).H_M
= VW L ﬁﬁowﬂ%k - e?D|F|o|n|o col ¥g O
G I 5 P g 5 o | X S S R P e /o @ O
mxﬂmﬂéaﬂmeaﬂoﬂbwﬁoﬂiﬂﬂwﬁm: m“_w b - a o ik
—~ S B . ONJ S \_Irﬂolr K1 — Q 7 v = L
ST R T — P 1 © 5 / -
urmzwnx%#%%aouuumr_%wfmxm&o 5 50 / :._
o ) op B — do o oF ; o o ~|& = : <0
= X o KO O o -~ =~ =5 3° s S| 8 S oo | < g & al
aﬁmewun%wwwEﬁ%ﬁwﬂﬂﬂw5%aoﬂ ulomJE = S = E N B R R \ iR

- K = K = 0
TN o g T R i
5 ) e ofl =] ! |
%g%aﬁ%mwéﬂiigwmwg Ty =5 ¢
p o o o T WV mo o K2 o WO 6 <] 3 8 =] o
Tl g nr el R R W T = k¢ . ! 3 )
gawa R IPRg gt E® R o 0 o E ol ~|a|e|w|0w|o E L Cl
o T oT B ﬂaﬁﬂ]}loide ,M_l ,mAaE e} = RS- (Blof)pd =
T wmam T o S = Btk «— o
il
do BT A
Ay o= -
lﬂn‘mnvﬂ_l < ,ul%uaﬁowaﬂeﬂ@u;u,%i?dhﬂor
o 7o o = s 0 T T oo Mo & e o°
W2 J..J..___ ﬂuauchmo moﬂ_.oLM%d-. 3 < o %o F ouo = Mo o- B S
~ 3 pTER " e T =R g d T 2 8 S SERTERTELY
o & pe E?mxé%ﬂymovmﬁ%h g 2 = e m«ueowoﬁ1&rﬂ%¢.
. = TR d ® = m - X
HI%EO 0 iﬂﬂoo],ﬁuxLaT owaxﬁowa %) X ALOA_’ﬂrﬁﬁauime
= 0 =% @ L o H T me < %) E N %tléafz
T L + n O FTERPIT R g L _ CEB _FeIT M
% T i — o T o W m W 5 : T PF T = Xy
» 2 ol _ A gomm .9]@31% TE KO g = 20 = < so o =
.ﬂ‘m Bl ol 1&A‘ammﬁ7 o .ﬂmﬁgﬂ”ﬂﬂm S¢ a al lu.m_ao#a o o oy ° T
T < it Q?Eﬁmﬁﬂwqﬁowﬂm T ] t ._,moJﬂo%ﬂoﬂo%wuoeuE
Bz % . 4 dpmT TR 5 2 TxPe T w A E
il LT 3% 0= wuﬂﬂﬂmaﬁ S I o a @ ,L%].%mﬂaﬂﬂa_.l
™ W ook Lo ._m_.A zl Aﬂlﬂquﬁoﬁﬁlﬁlﬂﬂﬁ - = 9 0 < I o B B&oﬁnﬂﬁﬂﬁﬂ_ﬁhﬂ
- w 1 X " A E ol S 0 ;L de = ay R
! ep X WE oW X F Tps %My Mo = H T T m o R
g dmel @ M SR d e o T o @ E < 5 o0 T G I B )
& X % o N o Do ™ ATy gt 53 5 s/ o2 T SR XTR _n
iof R T W Q Moo i G 5 8% gt O E T G
lof m H o 1 _ o o L]iga _.75_.1& st Sz S¢ 5 = CARRANAT 4H1r,]1€
7 o 0 #0 S%ﬂ]&gkﬁﬁa,o b 20 °38 gl BCSE  ow %m%k%%%%;&
0 [ = o] 0 [
& Ewﬁmmmm o0 0 mhurﬂm@%mw%mnE%ﬂE%wm e K S?W%%%?M&rmﬁ
© X ap o = = Ao 5 mo 5o ol TN ™ n O O N - 20 S
- = _ ] = , B o 0 o Mo o X @ 1 0% 1 T RI
7T g %%@@mﬁzgaaﬁw%@ ¢S s * HgpdTME T BT
oH _ 0 B T oo * g Moo A . " T8 = ol BT ooy B g A
# S % w il oﬂ.mﬂms,zaﬁ oy B T - 825 3% m° g H L%Lear}@%ﬂmﬂ =y
7 ; f — _— — ] a iy g f —
N L wortlead TLETY9ZS i34 ¢ 8 02 A 2P Ev =TT
il W F G wuﬂmiﬁEﬂ,%%ajﬁ%Ed 8 TAa s Zl &rwf&%n o
N - ; ; - r il < . = _ T
Rl e N HCMM%%&J%%&QW - - 30 %Mmﬁ %%ﬁ%ﬁvﬁ
ARTEFDRE TR T & F oo N B 5o Mo LT
u H 2 N o= <ox ©
0 o _—
L TN BTSN

16



Trans. KIEE. Vol. 67P, No. 1, MAR, 2018

A2 A ZE ]

]

2 %)

q

&
<L

AR =
C T

e el 7] g4 (cycle)

o

+

ol
o
o
&
i~

o)

=(DOD)

A 7HA

2% PRl

v E 2]

T

el

ol

)

i
o

53] 71E9

29 o] Aol 7k vk,

ok
=)

1—0]

BN

1 1}

™

L
1

o Al H =

ol

K]

Al

kel
pil

tot,

=

)

=
=

)‘\_]:

& o] HiEE] &l

nelate]

e

-

I7MA 2 052 AHsla Hzd

<l

=z

71EA Tl A ek mt
2 (el MiHg =

L
.
o]

=

A
3)

4

%
<!

A)
=1

bt
L

0

(1)3} 2ol At

A7) REEE, IHE &8 viH

AT

o

S

S

=
=

18

e}
il

A

=

=

47 &% 2

@
<
X
o
X
=
<X
2|~
& X
V,m
l_v
3
o
X
=
| X
2|
& X
Vba
f
I
s
=
<
"R
o s
N o
T
BUN-3!
:Nr
=
o W
o
= N
o ®
o
o o
S
H
ca -
™
P =
<l
w T
-
k!
o
do ol
W
T

]

Ao vjele g

¥

d,
4.1 A AHE 7M

ey

2= 71=9

A)

A

Ploaan
Vit XdXnX¢

ot

o]

=
=

AH[lJ

shel 2

S

o

TH

Eal

|

Z A

A

=13
=

Fa Abel A5 )

pol 74

S

48

KN
=

&g [7]

2

Bnad xn
Viar X d X1

dt +

B(mk
Vi XdX

/!
ty

© e E] 8 FAR]

Aty =

Al
=
17

=4

7.

=
=

[ai3
=

2] ¢} 200[kW1<]
}‘\l_

FA

SYbEAA AL
158.4[kWh]=

1,812[W]o] ™,

@ 4 39

e}
ok

s

1

0,
H

1.2[kW]e] ©i

Al
l

=

=
o e

= J15) e X:3 g

pal

ke]

&

712 FAdsk L g
2 (Plack) 2]

145.86[kWh]e] t}.
145[kWh]e] a2 o]

s
A

HV]

T

AAV]

[Day]
=)
o FH o vl 2] AF-8-Al 7t h]
e HE RS S
Vbat : HH Ei E]

AH
Viar
t max



HM7|&s=gX 67PH 1= 20184 3¢

E 2 SYS ¥ AISNYY £

Table 2 Amount of consumed power in one month per a

house
Rated COHS:VI?el)rtlon
Load type power D
(W1 Dy
month]
Lamp | 1Ving room L, 12 LED
room 2
Refrigerator 760L 350 39
Washing 13[Kg] 550 10
machine
TV LED 32inch 200 48 8h
PC Note PC 200 3.2 4h
The others 30[%] 372 33.66
Total 1,812 145.86

S8 s AAT %S 2As] A& FaA[7]9]
549 (Plack)®] FAHCIEES A (2)¢F 2 (el !
21 (39 AA A2 48[Ah]Z A=EHAT. E
sto] AtEl A()~G)e] Zze] ZiE Aeshd
gy & =ollA AgEEE A (3)e] A= 220[Ah]
AEEAIL o= A} A el HlE Az oF 9%st
FEES B A (D3} Hlashd A

Qg PxAF he AnE vastel PEig ¥
wRAAE FREA (719 A28 $GuE 4E P4 B
gahol 4909) HxeAfol U Asd g L ESSO)
e Azdtel AN PESRGG. FNEA (112 vy
o thg3t Lol Azwsl 9% Mg

9 W gAstel T 13 A A4

(@ $2Q LA, FEU 49 Frol ugg WA
AgEA g3 ESSE FERAPANEWOAA PAIFs
o odes] E@EW ESSSl WA AAs: wFeuAsE
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Table 5 The parameter generator and battery for simulation

4%9] &7Fol ZaT ¥
(3L ARLAT HxAds nE pFHFHoE e gk Equipment Parameter Value
A#As Holi gtk 1gal 4 (2)9}e] Aol Auje H& maximum 3.0[kVA]
B ooluANE BeAFY F2d $HcAY eARA power output
AA o] zpo] 7} Aol wred® Folt)h operation type auto
cost 987,000[#]
Emergency fuel type gasoline
2 3 A" metolH generator generation .
Table 3 System parameter value per liter 2.5lkWh/liter]
Pmax Imax tmax Vbat n life time 1,000[h]
1,812[W] 755[A] 7 [h] 240[V] 4 [day] gasoline cost 2,000 [¥/liter]
n ¢ d Pload W cell type MSE type(fig.2 ref.)
4,862 B85 e (“60AID 1,400,000 %]
0.75 0.95 0.5 [Wh/day] 0.85 T
B 4 vjEl2] 82 A Ho} H 6 HiE2| 220l w2 5dZte] of| XM EER| 2|
H|

Table 4 Calculation results of capacity of battery

Parameter Eq. (1) Eq. (2) Eq. (2)
ESS
capacity[Ahl] 240 229 220

42 Ef IT-ESS WUMAI AR HMAY E4

4149 AN AT 9] Ane )z §F
qel Astnr 2 §ue s A
Falwol He gae] ESSE

A ogE gwel g Jdsgel mng )

e AR dasith FuEA [TdAE 593 Al=" &

Table 6 Operation cost during 5 years according to battery

capacity
Parameter Eq. (1) Eq. (3)
ESS capacity [Ah] 240 220
emergency gen operartion
time 385 385
(for Syears ref.) [days]
ESS investment cost,
fuel cost 9,413,082 8,938,956
(for Syears ref.) [W]
gen replacement
(1000 [h]) [times] L1> L1>
ESS life time [years] 8.6 8.1
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