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Operation Plan of ESS for Increase of Acceptable Product of Renewable Energy to
Power System
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Abstract - This paper proposed a method of energy storage system (ESS) operation to increase acceptable production of
renewable energy (RE). We analyzed the rebound effect that does not show a demand increase even if the capacity of the
ESS is increased and considered the charging time by analyzing the time when the output limit is most generated. The
rebound effect was mitigated by adjusting the discharging time of the ESS, and the effect of the increase of acceptable
production of the renewable energy was analyzed by adjusting the charging time.
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ESSO WA o8t gHIREENE U AHME] LotEr] st
o] AAoIKIY] 20%2 30%2] ESSSHE Hlwet 23t I 4
olkIeE Zo] 20%9] EFoAE HRARMSeE (-)9] wago] d
MBIA] ZOLE, 30%9] ARo= WEAIZIOL 18AIRE 21A] At
olo] (-)drdiZro] Wasto] WAZro] Alokel= Aul7h LIETE.

(MW}
300

208 M

100 i
. J e

0 '.-.'__ = ] gt < I.' .

1°8:3 4 5 6,/ 8'91011121314151617 45 1920212223 24

i

100
o
-200 =

-300 -

o =

400 L o
-500 N e
-600
—Constraint -e-ES5 20% ESS 30%
% 4 ESSO| P&l st gHeEg )
Fig. 4 Rebound effect by discharge of ESS

2.5 ESSO| E/&™AIZE -0 oJst AR 8 BT
251 EFAO &F
AR ZF F2438] soltis 22 2 Al 7ol Aok

= Adolux|el eige 17 solket 2ol ods] K
gadgte Jdoile 4%, YY) 0880l &1l

Mol x| el MHAS =& SO

i
o
o
m
wn
w
Ho
02
0z
e}

Trans. KIEE. Vol. 67, No. 11, NOV, 2018

ARIHQL A 1AIRE] 6A174A] ESSO] SX& dldsh= Z10] HE
HESHLE 10A101A] 17A] Atojoll SRS Wego] BjE]
Wego] FMAHA O B &9 Aol WdsHA =HAct uf
i Be FReol w0t 49 &9 Aol 545 7t
£ 10AIFE 17A7HK]9] ESSel E/E ddfsior & 2oz dtt
Elch

(GWh)

150

- Renewable Energy

=<Wind Power

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 (h)

O" 5 Ao W Ao X] ] wrEgr BA
Fig. 5 Analysis production of RE by hour

252 WRAAIZIO =

ESS BEAIZNS ZEstol O8] 601419 Zo] HRAIZFSH)
E9rlore 50 Zy HFARNSS AowE dbEZgo]l 145
MWhollA] 0 MWhZ E01EM ZHIREgTe] A5ty LIERITY

- 71& 1 SARHIREC 7SR BEAIN_18A1~21A]

- W A ERSIAIIT 018)_18A1~24A]

(Mwh)
2000 !Constraint @Charge i_'Discharge ~Demand Supply

1,500

X A
000 o i o VR 3 H—a—
3 e ¥ o
500
[ = u- ‘/:‘:”’, —
8E\\wuuuulsusu*ﬁmznﬂluzaza(h)
~ e
o | . _ad L ]
Charge _ Discharge
379(Mwh) -143(MWh)

- Discharge duration :3h > 6h
- Charge starting time : 1Th > 11h

-1,000 Charge Discharge
455(Mwh) o(Mwh)

I8 6 ESS S/8™ARY o] ot oA =85
Fig. 6 Increasing of acceptable product of RE by adjusting
of ESS charge/discharge time

1403



Hoetsl =X 673 115 20184 11

3. ESS9] 240 mE MR & SUHEY A
31 AR +85% SAR Qs A% BA

20201 8760A17 B9 AS+Qet 359 EWdO=R Qst
o] AMofulE AMHoHA] dhEgre BAs e 18 7ol Lt
EHHRATE. Q¢ 339 AoI7F (-)7F He= 1ol EA|k0]
gl 7o, A7t 6393], 46GWhe] AModRIS] &l CFo]
Ol ALY,

2020 E 2029E97HA] AdolR]9) vhdgrt MEASS 4=
g58 Sz Qlslo] AMote dAZE BAs dils 3 29

my 0
iu)

(MWh)
1,500

1,000

-500 Constraint Production

1,000
—Demand —Renewable Energy Demand-Supply

% 7 2020 AlIRjAolX| 9] ®oF dbEE B2
Fig. 7 Analysis of constraint production of RES_2020

E 2 AMOIMRIY E WHY W AR B4
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Vear Total Product of | Constraint Production | Rate
RE(GWh) of RE(GWh) (%)
2020 1,882 111 6
2021 2,375 222 9
2022 3,047 519 17
2023 3,234 530 16
2024 3,388 510 15
2025 4,057 876 22
2026 4537 1,140 25
2027 5,017 1,401 28
2028 5,497 1,626 30
2029 5977 1,820 30
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Table 3 Analysis of Enhancement of RE by discharge duration of ESS

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
sh Enhancement (GWh) 0.33 2.39 7.56 5.73 5.16 6.73 7.05 7.74 12.05 12.49
ESS Capacity (%) 15 20 25 20 20 20 20 20 20 20
ih Enhancement (GWh) 0.24 2.25 7.66 511 4.40 6.61 6.50 7.35 11.89 12.15
ESS Capacity (%) 10 20 25 25 20 20 20 20 20 20
5h Enhancement (GWh) 0.39 2.21 7.88 517 4.27 6.70 6.65 7.75 11.07 17.17
ESS Capacity (%) 15 20 25 25 15 15 15 15 15 25
6h Enhancement (GWh) 0.42 267 8.52 6.28 5.20 7.70 7.37 8.59 13.17 19.87
ESS Capacity (%) 15 25 25 25 25 20 20 20 25 25
3000  oESSS% WESS10% 4ESS15% ESS20% ~ESS25% # 5 25%9 ESSE ST AldOUR & U g3t
7000 Table 5 Effect of increasing acceptable production of RE
through 25% ESS
60.00
Total. Constrahint Enhancement
50.00 Year Production Production (©)(GWh)
20,00 (A)(GWh) (B)(GWh)
2020 1,882 111 18.01
30.00
2021 2,375 222 27.65
000y 2022 3,047 519 4158
anad ol //_,,7*M,,,/— T 2023 3,234 530 40.32
. 2024 3,388 510 42.03
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
2025 4,057 876 50.39
J¥ 9 ESSO] &t ST wWE YIRS =& ks 2026 4,537 1,140 54.45
g 24 2027 5,017 1,401 57.96
Fig. 9 Analysis .of increase.d ac.ceptable production of RE 2028 5497 1626 61.96
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