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Development of Operation Scenarios by HILS for the Energy Storage System Operated
with Renewable Energy Source
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Abstract - According to government policy, renewable energy facility such as solar power generation is being implemented for

newly constructed buildings. In recent years, the introduction of Energy Storage System (ESS) served as an emergency power

for replacing an existing diesel generator has been increasing. Furthermore, in order to expand the efficacy of the ESS

operation, operation in combination with renewable energy sources such as solar and wind power generation is increasing.

Hence, development of the ESS operation algorithms for emergency mode as well as the peak power cut mode, which is the

essential feature of ESS, are necessary. The operational scenarios of ESS need to consider load power requirement and the

amount of the power generation by renewable energy sources. For the verification of the developed scenarios, tests under the

actual situation are demanded, but there is a difficulty in simulating the emergency operation situation such as system failure

in the actual site. Therefore, this paper proposes simulation models for the HILS(Hardware In the Loop Simulation) and

operation modes developed through HILS for the ESS operated with renewable energy source under peak power reduction and

emergency modes. The paper shows that the ESS operation scenarios developed through HILS work properly at the actual site,
and it verifies the effectiveness of the control logic developed by the HILS.
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Fig. 1 Energy Storage System(ESS) with photovoltaic sources,
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Table 1 Load classification by season and time

AE - - _
A7 & o1gd == Agd
Axst 23:00~09:00 23:00~09:00 23:00~09:00
= 09:00~10:00 09:00~10:00 09:00~10:00
fj} 12:00~13:00 12:00~13:00 12:00~17:00
(e}
B 17:00~23:00 17:00~23:00 20:00~22:00
_ 10:00~12:00
Foj 10:00~12:00 10:00~12:00 1700-20-00
B3] 13:00~17:00 13:00~17:00 ] '
o 22:00~23:00
E 2188 88 Y Q=%
Table 2 Eul type fare applied to schools
e 718 ISEE A SA=s
Y| (®1/kWh) (&/kWh)
=23 H.ylox 23
}\]?_}EH Oq \:lfz'_ = 7]’27:20 7:15%
6~8%) | (3~5, 9~109) | (11~29)
Sk
f‘ﬂ‘; /; 6980 | BWal | 453 453 49.3
- =713 90.0 59.7 885
Zoh =35 155.9 80.2 127.2

225



H7|etsl==R| 673 25 20184 29

2.3 AlZIo] E8HE ESS AX|9 FAUE

2ol dAE ESSOl 8%, HYY LIEY, HiY Fof U 2
8 ZHS offet Ztl 01714, SoC: State of Charge®] ©Fo]
ot

HiEzZ] 88 & 500kWh
PV HREHAE S4 AX): FHoi 50kW
Zh HIY 25t JE: 147kW

HIA 25t 28 A& Q7 AlRE: 2417t
Zh 1A B35 AEgh: 147TkW=2A17F=294kWh

Qb4 Adlshilel Zo] ESS 29 AlUZ|eE IA AE
REQ HA 27 BT T JIKE UROIAICE ESS7E S
HPE719] gl HlA HAVIZA SEBHoF StEE, HIA
Al Hole 53 FAIIQ 241 ¢ Pvel ESSERE A
SFgotor St Ol s AE @A HE Alols HIMAl &
g Q5to] ESSE S U™ ol SoCE FAlSior Sith 3
O "4 F5h "goz AR S0 AlgE Al "o Fgge
294kWho|1l PVO] @Ego] kW Z<E tiuisiol HiEizl H
MA] thH] 882 300kWhE AFSIRCE o] &2 SoC 60%01
sigstez HdAl DAEdgs oiHIsh] fstel ZA SoCake
60%= Aot

I 32 A8 oA Rt Al Ado WE F5h AR wet
ESSO] &S &S AlLUZIRE B - oE - 712Y miol sigst
Ch & 30] wel B-0j&-7keo HEXlE= ESSY 84 Aluze
TAEE O9 29 4t Ag VIECE ESS 29 oAks 1
g 31 2t AW Aoz AgH 28 Ao oigt A

Ao O re
2o o

0
4

de et

I 30] sidot= AlE AAEE AlUER9] 71 Hide 27
3k ARMle W2 =g 83 ESSe AE Zgstal AtiEe
2 52 98 Al FUFSIAIIo] BESh B SRS Al
& & FUIESE AR AOlo] e SHRSIARIE Thg Z|TiFs}
AIRIAIQ B35 Ade Qlotel Sd& o 1 29 SHet
ARMIE S48 S5 HFe Ae 7IBezs6H0] Agu

Jofl dgshs MEIE AU Q0IME stateE Sl AaiFETE T
I ASA]l PR e el HiEZlel BF Ashe 90%=E HotA
Ch ESS9] &-9ATS SoC 60~90%E AlSSIEZ & 889
30%0l sgshe ¥E S-HEARNORE LIHA A G492 93
Sl RAIAZICE 0] mE ESS WA KEAE A (D3 &
Ch SHE, ARSI 10AIIeRZ T2 B8 Al =t 2ok
O|Z Qlall 1AIZF &9 ESS & 889 30%0 sigste &
27 ZFAIA State 27} HEE S1QICH

ESST WA = ESSE5 < 0.3 + 3 W2 AI7F )

HYER AUEIS @AEE 17 49 2ok HgRsieol |
WEZHC 2 49 ESSON WA So Unix At
el HISRSYo] BT WRYNL A2 29 HY

==

ljo o

oL 09
Oy 1t

226

& I8y & Hopol dYstal g2 o] B YHEgS ESS
of SRAZIZES Sttt Thk SoC7t 0% olsh Y o Ho] W=
&It SoC7t 90% o1 & o Sdcke JEY W HiEE Hs
£ Qo sEe gRAAIES ok 10 sigsks JEE ot
SYH AU Q0A= stateE S3l FalFACH AS @A
TG statet HAIK] Fr= 59| FoE HEIAUCH

E 3 ESSO &4 AlUEIeAE AARE, &, 0E, 712717
Table 3 ESS operation scenario of grid-connected mode for
spring, summer, and autumn seasons
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Fig. 13 Experimental result(during 0~10,800 seconds, grid-
connected mode): (a) state, (b) battery current, (c)
battery voltage, and (d) SoC
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Fig. 14 Experimental result of emergency mode: (a) state,
(b) battery current, (c) battery voltage, and (d) SoC
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Fig. 15 Experimental result of emergency mode during
18,000~22,800 seconds: (a) state, (b) battery current,
(c) battery voltage, and (d) SoC
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Fig. 16 The ESS monitoring screen
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Fig. 17 Amount of charging(blue colored bar) and discharging
(red colored bar) power of the ESS operated in our
school
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