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Abstract ESS is an essential requirement for resolving power shortages and power demand management
and promoting renewable energy at a time when the energy paradigm changes. In this paper, we
propose a cost-effective ESS Peak-Shaving operation plan through load and solar power generation
forecast. For the ESS operation plan, electric load and solar power generation were predicted through
RMS, which is a statistical measure, and a target load reduction guideline for one hour was set through
the predicted electric load and solar power generation amount. The load and solar power generation
amount from May 6th to 10th, 2019 was predicted by simulation of load and photovoltaic power
generation using real data of the target customer for one year, and an hourly guideline was set. The
average error rate for predicting load was 7.12%, and the average error rate for predicting solar power
generation amount was 10.57%. Through the ESS operation plan, it was confirmed that the hourly
guide-line suggested in this paper contributed to the peak-shaving maximization of customers.Through
the results of this paper, it is expected that future energy problems can be reduced by minimizing
environmental problems caused by fossil energy in connection with solar power and utilizing new and
renewable energy to the maximum.
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Fig. 1. RMS Flow Chart
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Fig. 5. Electricity demand for one year by target
customer

tucmented Dickey—Ful ler Test Results:

ADF Test Statistic -20. 059994
P-Value 0. 000000
# Lags Used 52, 000000
# Observations Used 34987, 000000
Critical Yalue (1%) =3. 430537
Critical Yalue (5%) -2.861623
Critical Yalue (10%) -2.566814

dtvpe: floatB4
Is the time series stationary? True

Fig. 6. ADF test for electric power demand
for one year of target customer



272 CXEg=sseiT H18H HM125

o FotellS AlEolA —% st7] st
o] 20199% 5¥ 64FH 5¥ 109704 HY 5¢9] #
StHle|BE d&sto] Wl B4 skt th Fig. 72
gelsta wsjolS dalElE2 SFY 07415 084
4587109] BHAEFS Boto] =S AN wet
Al 183} Zo] 0:158F5 08:45871A]9] 1=iL9] MJ(
A Iehel AReh gk WAL eIl Bajols gt
= Zon, 094 FE FsloS gt Tzt ARt gt
I8z o] xjolE FolEt <= 211—4- Fig 72 59 6YHE
1097k 92180] 7F3 %8 o] Teu, Fig 8
Qg0 7P Wg wio] AMgt 1o,

AdolEE BET ¥

Fig. 7. 8 May 2019 Forecast and Actual Load Graph

fwwak

Fig. 8. 9 May 2019 Forecast and Actual Load Graph
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Table 1. May 6-10, 2019 Weekday load prediction Error

rate

Maximum error Minimum error
between predicted & | between predicted MAPE

actual values & actual values
19.5.6 462kW BkW 7.56%
19.5.7 346kW Okw 6.45%
19.5.8 702kW kW 841%
19.5.9 366kW 5kW 5.93%
19.5.10 505kW kW 7.24%
Average 476.2kW 2.4kW 7.12%
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Fig. 9. Solar power generation amount per year of
target customer

Augment ed Dickey—Ful ler Test Results:

40F Test Statistic —1.333845e+01
P-Yalue 5.986434e-25
# Lags Used 4.100000=+01
# Observations Used 1.295000e+04
Critical ¥Yalue (1%) —3. 430854e+00
Critical Yalue (5%) —2.861753=+00
Critical Yalue [10%) —2.56688Be+00
dtype: floatB4

ls the time series stationary? True

Fig. 10. ADF verification of solar power
generation amount per year by
target customer

Fig. 9& 4 8719 1zt 1A17F &9l e
A 2z yehd I¥olY Fig 103 2ol ADF



iy

i
ae

-

EfQF

o

oK

E35t ESS 2o Guide-line) &1 273

mjo

LHO

i

BRAT P-Value = 00 SHSIEE A AEHZE HF
3 ] wlo] ePgslol g AL & & glon 3
7 SshiEe Salol oEstnAsis Bo) Hopt
o

FololS darelEnt YAl e B 2 Hlol
d 59 64%E 59 1089 9% dHlolEe}
A HlolEE B3I

Fig. 112 59 79 & 9 A g3 &d 2=
2 2Ak80] 7P w2 Ee] IHzolnt. BT o5 #
o] AA| gl FAHE WEAT 134]9] - 100kWold
QA Hols Zg ERIT 4 k. ol HYF o]
718, ALY, S 5 P WSE utgskA Feke
ST o2 AL & 4 QT Fig. 12+ 2AR&0]
7P 22 59 10¥9] dgzolct.

Fig. 11. May 7, 2019 Forecast and Actual Solar
Power Graph

Fig. 12. May 10, 2019 Forecast and Actual Solar
Power Graph
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Table 2. May 6-10, 2019 weekday solar power
generation forecast error rate

Maximum error Minimum error
between predicted between predicted MAPE

& actual values & actual values
19.5.6 277kW 5kW 11.52%
19.5.7 263kW OkwW 12.05%
19.5.8 186kW kW 10.29%
19.5.9 184kW B5kW 10.57%
19.5.10 148kW kW 8.41%
Average 211.6kwW 2.4kW 10.57%
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Fig. 13. ESS Peak-Shaving virtual device applying
DC-Coupling structure
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Table 3. May 6, 2019 ESS Peak-Shaving operation algorithm result value

Time May 6 load May 6 solar Customer load reduction Esti_mated ESS Prgdicti_on Load pr_ediction

forecast forecast Solar energy forecast for | charge/discharge amount Guide-line Savings
1 138 0 0 0 138 0
2 227 0 0 0 227 0
3 125 0 0 0 125 0
4 125 0 0 0 125 0
5 624 0 0 0 624 0
6 1335 0 0 0 1335 0
7 2041 10 0 10 2041 0
8 2482 97 0 97 2482 0
9 3043 232 0 232 3043 0
10 3220 576 576 0 2644 576
1 3140 609 609 0 2531 609
12 3303 618 618 0 2685 618
13 3115 928 928 0 2187 928
14 311 890 890 0 2221 890
15 2891 626 626 0 2265 626
16 3000 441 441 0 2559 414
17 2599 332 332 -48 2219 380
18 2017 82 82 -48 1887 130
19 2106 14 14 -48 2044 62
20 2172 0 0 -48 2124 48
21 2035 0 0 -48 1987 48
22 1801 0 0 -48 1753 48
23 797 0 0 -48 749 48
24 170 0 0 0 170 0

~ S
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Fig. 14. May 6, 2019 ESS Peak-Shaving operation algorithm result graph
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Table 4. May 8, 2019 ESS Peak-Shaving operation algorithm result value

Time May 8 load May 8 solar Customer load reduction cE:trign;%?gchisrge Prgdicti_on Load pr_ediction
forecast forecast Solar energy forecast for e Guide-line Savings
1 135 0 0 0 135 0
2 126 0 0 0 126 0
3 123 0 0 0 123 0
4 127 0 0 0 127 0
5 557 0 0 0 557 0
6 1390 0 0 0 1390 0
7 2076 69 0 69 2076 0
8 2407 237 0 237 2407 0
9 3134 491 0 491 3134 0
10 3158 636 636 0 2522 636
" 3176 1019 1000 19 2176 1000
12 3275 1147 1000 47 2275 1000
13 3137 1004 1000 4 2137 1000
14 3220 960 960 0 2260 960
15 3184 842 842 0 2342 842
16 2874 707 707 0 2167 707
17 2391 416 416 -124 1851 540
18 2055 206 206 -124 1725 330
19 1885 66 66 =124 1695 190
20 2058 0 0 =124 1934 124
21 1977 0 0 -124 1853 124
22 179 0 0 -124 1670 124
23 812 0 0 -124 688 124
24 134 0 0 0 134 0

2300

2000

506

Forecast Inad
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Poak-Shaving

E55 Charge and Discharge

E L] 10 11 12 13

1howr interval time

15 15 17

Fig. 15. May 8, 2019 ESS Peak-Shaving operation algorithm result graph
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