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A study on the efficiency of ESS installed in a small solar

power plant based on actual data
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Abstract

We analyzed the system efficiency of small solar power plants with 80% of total solar power plants. The data of the
solar power plant with installed capacity of 100kW was collected and the correlation of the ESS efficiency according to
the capacity of the PCS and the battery of each power plant was deduced. As a result, the higher the C-rate value
affecting the discharge rate of the battery, The discharge efficiency of the plasma display panel is increased.
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Fig 1. Flow—chart of the study.
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2. A AL HNA o2 WFE HAFE WIS 7AWEHY A{HE 1
otz Table 13 #Zo] HIFLHLE HASS e WHgetes WY 93-S Fgit & AT
o mE AL Fe] 100kWHY ATFE By o il BgBwdsd =99 vEde 49
Azolw AvjH o HFdargol g GRS PFole Az TAH] Jon BMSH o8 ah%
of XL gom xR BFY BAxSe] W F 5Ae W 2AEFE 29Hw 9
Aol Qi Aol % st} AlolEE AF7} 5
Lo JHA Bolaw B3 432 5 = 16719 SAA Table 2. PCS/Battery specification for each plant.
=2 gaoz ARG # 2.2 B0 PCSet Battery A
Category ROS Battery
Table 1. PV capacity for each domestic plant. Plant Capacity[kW] Capacity[kWh]
E 1. I 670 LM Ao MRS A 50 205
Plant Name Location Capacity[kW] B 50 205
A Cheong-ju 100 C 41 205
B Ik-san 100 D 100 275
C Gwang-ju 100 E 100 411
D Nam-won 100 F 80 205
E Nam-won 100 G 100 274
F Dang-jin 100 H 100 274
G Je-ju 100 I 100 274
H Je-ju 100 ] 100 274
I Je-ju 100 K 100 274
J Je-ju 100 L 80 205
K Je-ju 100 M 80 205
L Gwang-ju 100 N 100 274
M Gwang-ju 100 0 100 274
N Eu-sung 100 P 100 274
(0] Mok-po 100
p Gwang-ju 100 4. WE g 9 C-Rate
C-Rate WlE 2] e] % - W A wjEjel o] AgA]
3. PCS$} Battery +4 s #7992 AREE M 1C9] C-Rate
U] 167 249 PCS, Battery A2 %] &% &3 o HAo = 7= 1AhS WlEE= 1A 7HESE 1A
o tgga 2ok AL A B Co A% d19 PAF o ARE $EES mavh maba uge] 4
W § <] PCSE A8elslon of 07%e] AT PUFEE CRates) 3 AR,
Z&S 2tk & D Ex dudozs 43 o2 Eo] C-Rateol W& e ee] AbgAZHS
A7} =2 TAF 100kW PCS® &2 oF 96% %, o}l Table 37 2Th[7]
79 YeA wdat KA PCSE A A &g, 2 Aol A HAE 167]9] Wit ol7 Table
i 2] o] A9 1670 HH A 25 ] SAF v g 49} 22 44 C-Rateg zra gty 7 dxlie]
£ Abgslg e A4 A B, C, F= 2060kWh & e g &4 44 C-Rate #tS Sd sl A
&g D, E &das 7b7F 274kWh, 411kWh 832 SAE & dew o mE dY F-wA
v 2] 7 A X = e A A S-S ofel Table 2% ZEs AT F vk
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Table 3. Battery Discharge Time for each C-Rate.
# 3. C-Rateoll w2 diE{2| AFSAIZE

C-Rate Discharge Time Battery
1C 1h
0.5C 2h 1Ah
0.2C 5h (1,000mAh)
0.1C 10h
Table 4. C-Rate for each plant.
E 4 7 LML C-Rate
Plant C-Rate[C]
A 0.24
B 0.24
C 0.20
D 0.36
E 0.24
F 0.39
G 0.36
H 0.36
I 0.36
J 0.36
K 0.36
L 0.39
M 0.39
N 0.36
O 0.36
P 0.36

Voltage /' V

CC30to42Vat25°C ‘

Capacity f Ah

Fig. 2. Capacity vs Voltage Compare.
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Table 5. Monthly PV generation comparison.
¥ 5 Z ekt Ao gl dbMEk |
Total PV Generation [kWh]
Cat

A B C D E F G H

Sep | 235 | 290 | 247 | 2564 | 240 | 231 | 262 | 259

Oct | 276 | 310 | 251 | 260 | 268 | 251 | 303 | 299

Nov | 247 | 243 | 194 | 197 | 242 | 210 | 267 | 261

Dec | 259 | 247 | 202 | 189 | 228 | 195 | 216 | 188

T | 1016 | 1090 | 894 | 900 | 978 | 836 | 1049 | 1007

Total PV Generation [kWhl]
I J | k| L | M| N|]O]|P

Cat

Sep | 203 | 240 | 224 | 251 | 221 | 261 | 276 | 301

Oct | 232 | 257 | 257 | 307 | 299 | 204 | 291 | 345

Nov | 242 | 254 | 264 | 283 | 272 | 238 | 316 | 314

Dec | 143 | 154 | 153 | 244 | 233 | 255 | 306 | 239

T 820 | 905 | 889 | 1084 | 1025 | 1048 | 1189 | 1199
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Fig. 3. Monthly PV generation comparison.
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Fig. 4. Monthly amount of charging comparison.
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PR Ao S HAG Gl fx g P doll = PR Ao Wdeo] BE o= YEy S
Ao Al 7HE AUt 10858 110l += 1193 12€96= OFdAe] whdgdo] Wk
Lddae] S 71 weka 129+ A Hhe A A WA Lt dsdA 718 22 AL
27F 7hE Be Fo®E UErTh 414t F o) 2 Yetgth LEdas dAlZ dA G e 3
HE A% LiddioA 71 Zx AA A o g W] wlE 11%~14% = A YERSE
ol vlE] 16% wATh wiHy FHaEe] M
ok WA A A Lol Foie] 77%9] A Table 7. Monthly amount of discharging comparison.
< . _ = b FDbHIA| AO| 2lud HEX{ 2
g wATh vE e 9y A AGL oy Fig.  E 7 HEIEURS B U vl
¥ Total PV Generation [kWh]
43} 2t Cat 0 eneration
A | B C | D | E F G | H
_ _ Sep | 168 | 189 | 164 | 173 | 145 | 127 | 185 | 182
Table 6. Monthly amount of charging comparison.
B 6 2t Ejomursi ol € XX2E u|D Oct | 209 | 213 | 175 | 182 | 160 | 165 | 207 | 206
s Nov | 185 | 188 | 146 | 158 | 155 | 150 | 194 | 190
Total PV Generation [KWh
Cat — 5 c T DT E F cTH Dec | 192 | 166 | 147 | 156 | 136 | 137 | 148 | 128
Sep | 168 | 189 | 164 | 173 | 145 | 127 | 185 | 182 T | 74 | 757 | 633 | 668 | 596 | 519 | 734 | 706
Oct | 209 | 213 | 175 | 182 | 160 | 165 | 207 | 206 .
Nov | 185 | 188 | 146 | 158 | 15 | 150 | 194 | 190 Cat Dl 1Y Gemzmiton IS
Dec | 192 | 166 | 147 | 156 | 136 | 137 | 148 | 128 I J K L M N 0 P
T | 754 | 757 | 633 | 668 | 596 | 579 | 734 | 706 Sep | 141 | 170 | 156 | 191 | 167 | 168 | 153 | 195
Total PV Generation [KWh] Oct | 123 | 184 | 181 | 218 | 215 | 198 | 179 | 208
G 5 ] K] LIMI[NT]O P Nov | 174 | 184 | 177 | 208 | 204 | 165 | 206 | 194
Sep | 141 | 170 | 156 | 191 | 167 | 168 | 153 | 19 Dee | 87 | o | 97 |17 | 163 | 170 | 182 | 141
Oct | 123 | 184 | 181 | 218 | 215 | 198 | 179 | 208 et Tow Tom 750 |70 70 | 70 | 73
Nov | 174 | 184 | 177 | 208 | 204 | 165 | 206 | 194
Dec | 8 | 99 | 97 | 171 | 163 | 170 | 182 | 141
T | 524 | 637 | 612 | 787 | 749 | 700 | 719 | 733
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Fig. 5. Monthly amount of discharging comparison.
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Table 8. Efficiency of charging/discharging for each plant.

E 8 Zh RN F/UN 58
Cat Efficiency of charging Efficiency of discharging
A 69.97% 92.70%
B 76.40% 92.59%
C 60.48% 94.10%
D 72.23% 93.62%
E 73.56% 89.39%
F 67.12% 95.64%
G 67.47% 96.45%
H 67.09% 95.89%
I 63.77% 97.37%
J 65.85% 97.23%
K 64.49% 95.05%
L 72.68% 91.56%
M 71.57% 92.58%
N 65.82% 99.36%
O 59.74% 99.02%
p 61.05% 97.51%
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Fig. 6. Efficiency of ESS comparison.
O3l 6 UNMAH ESS §8 H(
5. C-Rated] @& ESS9 % -UHEg &4
ESS Alzdle] PCS &%, vigg &=l w&
C-Rate®} Z} rdie] wd®, A%, WHAZFS
g o s Abge SAEs, WHase #A«= Fig
73} o] vtehdth WA, 7t wdAe] C-Ratedt
THEEY Ay FEYHAE AHdAE 2E
AT FHEES B F T Lol A3 PCS9
Mg s & I 28 oo e Aew
Bl vk, g 45 Adx€ PCS, viH
glol] & C-Rated} dAsEo FadAZ A=
Aoz et A%z CRateo] 245
WAREC] HokAlE Aow yetwt vk Hel
0.45 C 100.0%
0.40C 90.0%
0.35C 80.0%
0.30¢ Tname
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Fig. 7. Charging/Discharging Efficiency according to the C-Rate.
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