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A Study on the Application Cases Analysis of ESS(Energy Storage System) to
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ABSTRACT

Because a progressive tax of home electricity rates is charged and a continuous rise of industrial electricity rates is expected in
order to solve the global warming, the high oil prices and the serious power shortage problem, the efforts to apply the energy
storage systems which can significantly improve the energy usage efficiency to the smart grid are trying newly. In this study,
characteristics of the secondary battery which can be used as energy storage devices, the structure and operation principle of a
lithium-ion battery, and the concept of energy storage systems are research and analyzed. In addition, in this paper, the base
technologies which are required to apply to the energy storage system to electric power system are established by studying about
installation location and application methodology of energy storage system to electric power system.
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Fig. 1 Classification of energy storage system

19 2% SNe Research(www.sneresearch.com)<]
ESSel igt A ESAdE Btk 7]E 48 A
71 & Aoz oA A%

S-S ASE Sy, W A5 v
= skl AR # o] ESS A

€
2y S8EoFEc] WY o=

2011 2012 2013 2014 2015 2016 2017 2018 2015 2020

Us s Million
16000

M End User/Utility Customer
14000 / o

M Renewables Integration

12000
Ancillary Services

10000 M Grid System

8000 [ mElectricity Suppy
6000
4000

2000

a7 2. ESSe| MA AlE Mt
Fig. 2 The world market outlook of ESS



oA A% Alzdel AAE A A 24

ESSel A& @R moltd, F A0GWhe]
%2 wolm gleHel. P
%

i
M o P

f\
oL

[MVA] Load curve and wind power in the Vattenfall grid
35,000
Potential charge and discharge penods
300004 Estmated
' wind power
2030
250001 (ax2008) Loed 2008
20,000 Total 40 GWh
Pumped hydro
15,000 in Germany
10,000+
5,000
Charge
0 Discharge

23 24 25 26 27 28 29 30 3N 01 02 03
Jan Jan Jan Jan Jan Jan Jan Jan Jan Feb Feb Feb

O 3. sYoMel 2k ESS M AALE
Fig. 3 Pumped hydro application in Germany

a9 4t Q¥ WY AERAGA B 24
W BSS 22 J19Ee] 20149 7% AA A%
AR o, LG AME Ul 195l W

- =
AAsta J5s FAET 4 Jrh(www.etnews.com)

160 MWh

140 1

120 1

100 1

80

50

40 A

20 1

.
o S & & PSS
© A & 40 I &
A 6{1 q’b Y‘.\

O 4 22Y 7YY 2| ESS MAAME EHRE

Fig. 4 ESS market share of global companies

. 2|50|2 MK 7= 2 ==z

7 5e oA F el AAY FER Y F
22l s ®el), glFole AA= =
(Cathode), A a4 (Electrolyte)¥} 2] 2H(Separator)
o7 FAAY HZ o5 ARES By AAHoln
AFUEIF =2 ALAER YA AA T LA
o8 Y52 HEolE iEE, &
ALS AER 3to] A=) E2
o] APHor PEHTOZA thehy

NI

4t N g o R

e
o
T
o

>~

o o ok
o2

&8
f1

fru
ol
2

2

g

N | |
23y
e 02
B A4 oo

@
8
s
I
8
=)
319
=3
6°)
=2
Mo
E
w
lo
)
o
o,
rlo
o,

[
_El
o
l-f)l
tlo
o
:?I:,
lo
44
X
o

e ro

K

R

2y ©

> o

fr o

i)

Q"

S o3 o Lol g Ul F

N
i)
A
2
=
e
to

>
>
oo
oo
o
fru
>
[
ox,
oX
o
)
ot

8|
o
Q1
=,
f
re
)
=
Lo,
N
N
o,
o2
4
2
re
i)

oty

it}

-3

X

(1

[

N

Ll

48

rir i

vk

fo

o

ro

o

[

%
i3
ut

X

=2

frtl

o

offt

LN

of [ SR

=

HA T )

oo et
A ox X

s

o 4
=

o (o
il
o

=

(P Hr o
ik
1=
o
B
T
o2

(n)agelisqng

alf|o108q

[e18W wopisuel] (I¥)eensqns

Anode(LiCo02) Cathode(Graphite)

a8 5 2lgol28xel 74

Fig. 5 Configuration of lithum ion battery



JKIECS, vol. 11, no. 1, 53-58, 2016

T A R RE wet SSdA g5 Ho
2 olgdorA HF7t d=0M FH5oE =

ok

V. O XM ZAI 2B 2] MEAS HEE0}

oAl A Alz=ele de oyA] o8] &8
S Axsta AAEE FHE] Y& 29 5ol B
npel o] dEAE o] thkd Aol A8o] shest
o, Agates Ao web @A & S HAds
&, g, e B 98 2 FALGE A
d4& Thoew FEE & Utk 29 62 YA A
 Axgo] MHsgow HEHE F99 A
Bl A Apgabs vlAEFA 2d7Y $Y &
= HER 2HdonTE AdEE do AY
UAE Aol AHE S3 ouA A e )
of AstArtzt Aol A agled Aedtow
A Fek BEstE 42 e, oils i dE
Tag #9o=2A WAL A4S AN o
o7 H7] MY AAEIE 4& F ATk

w9 5453 =4Re sdE gSsty] gl M
2 Aol g FRISS A o7|Fom <
3 A om F8] ofel¥ 4% dtellA ESS
WAL A8 she] dicte] d & vt

Generator !mﬂ %

set

Photovoltaic

Generator g Control

center

Energy
Storage
) i Battery
Wind turbine
Generator

O 6 U4™ME8 ESSe 7M T4
Fig. 6 Configuration of the ESS for generator

i =
A@e AokAzigel duAE Agserrt agol

=)
=3

}L(
i

AZidel AFgste g A Arlews A &
A & Ak oluA AG A= AE =0 uwE)
e go] Ad 4 Jud, THALELS SIMW ]
o2 AA o 3, S WHLES 10MW o
3h, wZ g 2MW o]}, 4tdg 2 7§ IMW olst
agla FAREY 4dE £3HS 100kWolst B9l
el A AAEHwww.sandiagov). 18 78 o]
A Alzgle] AEAE] tekst 4§ RBoks H

o}

Photovoltaic

Generation

| m Primary
’ 7 substation

Secondary
substation

=%

Generation
Set ESS

ESS
Wind farm
ESS

Wind farms

Industrial
ESS

0 :
i Commercial

% 7 olHX ME AL MHAS HE=0F
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V. HHE{2| O x| ZAH{E]

A A Al=gle] HYAFE AACNM 7P 8
AAQ] 714 AERE viEoth mEkA B A5
Al g oyA A AlzFle] AWY T]se] o
A BA T diH o R oyR] A AlEle]
F/afF e AEHSX(F{F7] e AHE)
e AolEeu, 29 82 it oA A FA e e
T4E BATH5l HFF3F A, GBOOST Al°lE ~
AAE ®H-238H P Buck/Boost ZIWEE=
Boost AHHE &35k, i) JUAE FUate,
DC ®a AN e FFeeh v, AHAEA F
Ag euA= AW FaE s, AlolE 4 {Gl,



oA A% Alxde] AeAE

= RUNee |
GAIst (G2, GaJol WA oz WA sbstel 29 & Fal AU A Aol AFHh WHe] AFA
ASE B- Agomd FHs wRsb WAH, o ALNadAs AuER FEse] JRT BR
462 Fa Az WBHo] Weslel FEWL, W@ = oux 4% FAERY A¥s 47
Wl o8 AEAGoR F4PoA Ul = DCHI $39 297 2apEel AwE A 3
AUASE 0w 527 frh W WAERAAE oA tolesSe & 6uelx Auy wiow &
A% oAz} olulele] tholesse] o8] sk 3 elSolst wRE WaE 0o B B gAsge
F50] DC 92 AsjAlele]l E7E3, GBUCK Aol Wae 7, Add5os Senygond v 3z
E 2948 €-23 u, PG Buck/Boost AME 348 @tk 18 5= Ae oA 4% AU A
7} Boost AMEIZ Fastel, WEle dgom At @ aelte] A A% FAS nelt
A o7k e el 25, 43e
E:zg Buczgg:gigg:'vmr H Bridge Inverter Filter fTorm:r glrr“ag;ee \ HHE'I El ESS &!‘g‘ Al'E:” —E—&!
c@ £l T 3y 2ev o9Ee ade oRdd AR B
| e e ORIA TS £88 A3t 93H9 £ )
T 4} T © e a2 nge, Au9 A2un guans
% {g@ T gueln ok 28T ol Jlwen §¥, 2 5
AA AN AEA HEA F7skn glon,
E 18 ESSe) A A% A8 Aleg weld
a8l 8 ehab 2|0 oIAE of x| ME AlAH
Fig. 8 Single-phase grid-connected ESS F 1 BIE2] oUX] KA AJAE N2 AR

w
ox
=2
4
>
2
o
>
[
o
1o

—
vy - i I N B T B =
V"P’ v, | e
Vrvw-r———— | | ) |
o =
Power Grid QH}OK} O|G A ‘ ;Energy
Storage
Inverter OC Link  Converter  Dayice

Power Converter

O 9. 34 J2|=ol AAE ol AX| ME AIAH

Fig. 9 Three phase grid-connected ESS

webd 34 wRe 682 ARl oa 452 4
78 The, F9E DC 939 $39 2919 a4E

Table 1. Energy storage system application cases
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