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Abstract This paper proposes a method for the appropriate capacity design of an energy storage system
(ESS) for educational service customers. Although the research on estimating the appropriate capacity
for ESS installation has been conducted actively because of the high initial installation costs, it is difficult
to apply in actual situations, considering the load data characteristics of educational service customers.
Generally, estimating the ESS capacity involves analyzing the load characteristics of the target customer,
establishing ESS installation goals and operation plans, sorting ESS capacity candidates, and selecting the
combination that provides the greatest economic benefits through economic feasibility analysis. This
study analyzed the load characteristics of educational service customers and designed and developed a
program to analyze changes in power usage based on ESS operational strategies. The data were used for
economic feasibility analysis in ESS capacity design. The economic benefits for feasibility analysis were
based on reduced electricity bills, and the appropriate capacity was designed based on the recovery
period of investment costs and total benefits. In the case study, the time-of-day power usage changes
resulting from ESS installation were analyzed using annual power usage data for educational service
customers. The annual benefits were calculated for an economic feasibility evaluation. The appropriate

capacity was proposed based on the combination that provides the maximum benefit.
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We denote

Electricity rate= Wp+ W,
Where, W}y denote basic charge,

electricity charge
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Table 1. Electricity Tariff(Educational(B))

Energy Charge
Classification Demand i
Charge | summer Spring/ Winter
fall
High Off-peak 52.6 52.6 56.6
Voltage(A) | Mid-peak | 6,980 97.3 67.0 95.8
R [T 1632 | 875 | 1345

Table 2. Season and Time-period classification

Classification Summer, Spring and fall Winter

Off-peak 23:00~09:00

09:00~10:00 09:00~10:00

Mid-peak 12:00~13:00 12:00~17:00

17:00~23:00 20:00~22:00

10:00~12:00 10:00-12:00

On-peak 13:00~17:00 17:00~20:00

’ ’ 22:00~23:00
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87F= Eq. (9% Zo| A3t

NDA
AMP = oT075 @
Where, NDA denote Net Discharge Amount,

WOTM denote Weekdays Of The Month

LHPATF $HA(Net Discharge Amount, NDA)=
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(Al 7FEAE F 3 SFotaa At F AGAZE
AR 7MERE Fe A, 18, AN AlQlgt

Hretad ARkl Wanel goz 7

NDA=(AXw)+(Bxw)+C (3)
Where, A denote discharge amount(specified time on
on-peak), B denote discharge amount(specified
time on mid-peak), C denote discharge
amount(on-peak time excluding A), @ denotes
designated weight
HEA

o
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Table 3. Electric discharge specified time and Weight

" Discharge Designated
Classifi- specified time 3hours weight
cation
A time B time Indoor Outdoor
14~15
Summer 15~16 - 1.23 1.1
16~17
~ A time| 1.23 1.1
Winter 10~11 9~10
17~18 B time| 1.3 1.34
. 10~11
Spfr;ﬁg/ 14~15 - 123 11
16~17
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Where, CF, denote Net cash flow, I, denote

G

Initial investment amount, 7' denote Project
period, t denote period between 1 and 7', r

denote discount rate
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= Annual Power Usage Data(by time zone)
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= Mode 3: Hybrid mode Fig. 6. Graph of Monthly Electricity Usage
- Determined according to load use analysis results
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ESS operation
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@AYo AY =R} v E], PCSEH, dxd & Table 4. Top time period of Power Usage in a year
3He, A7IZE YRSk, @& REE A 3, @A

Bl 28 duaa st i g R TR TR BT
Winter 09:00~10:00 35 Mid-Peak
Winter 10:00~11:00 35 On-Peak
S —_— Winter 11:00~12:00 27 On-Peak
= e Winter 12:00~13:00 6 Mid-Peak
[ o ] p— Winter 13:00~14:00 16 Mid-Peak
Winter 14:00~15:00 19 Mid-Peak
E Winter 15:00~16:00 19 Mid-Peak
| Winter 1600-17:00 | 23 Mid-Peak
Fig. 5. Captured image of Simulation Program Winter 17:00~18:00 16 On-Peak
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Table 5. Power consumption status by specific period

Monthly
average

Maximum

Total demand Power

Spec

Week |3,687,779kW | 1,287kW 2,629kW

Semester

Weekend| 1,244,529kW | 1,103kW 2,044kW

Week |3,365.379kW | 1,612kW 2,840kW

Vacation

Weekend| 1,094,554kW | 1,303kW 1,961kW
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Fig. 7. Schematic diagram of ESS Operation Strategy
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Table 6. Changes of Electric Charges after Installing

ESS

. . Excess . .
Time Usage Usage Discharge| Charge | Applied

11 2845.0 85.0 75.0 0 2771.8

12 2821.2 61.2 61.2 0 2761.5

13 2806.1 46.1 46.1 0 2761.1

14 2736.9 0 0 0 2736.9

23 1864.1 0 0 75.0 1937.2

1 1799.5 0 0 75.0 1872.6

2 1789.4 0 0 35.6 1824.1

Azt HiEY AR 47 38,401kWhE  oF
154cycled &34 AL & = o, APATY

kel

ESS =9 4,000cycle 5
7158 Aoz mEtH14).

Sk A oF 25.9%F -8l

3100
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2900 =
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oo L etay e ]
Battery Charge
Sa00 / \ i : ) 9
2100 / '\ 7
1900 X b
1700 T

1500

7 o 11 13 15 17 19 21 23
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—+—Before —m—After

Fig. 8. Results of ESS Installation Simulation
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Table 7. Changes of Electric Charges after Installing

ESS
Before Installing After
Spec. ESS Installing ESS Gap
Basic
Rate(d) W238,297,200 | W232,165,968 | W6,131,232
Demand | 0717033302 | 919,313,742 | W2.479,596
Charge(B)
Incentive(C) - 4,697,821 W4,697,821
Sum(A+B-C) [W1,160,090,539.2] W1,146,781,889 |#13,308,649

18,000,000
16,000,000
14,000,000
12,000,000
10,000,000

8,000,000 . . . . . l l

6,000,000 . .
4,000,000
2,000,000 I I

250-50 250-75 250-100 300-50 300-75 300-100 350-50 350-75 350-100

= Basic Rate  m Demand Charge Incentive

Fig. 9. Figure of annual benefit details
(capacity candidates)

2] Za7)7H0] w2 FAY B4 A= Table
oc} . Au7tEL 22 YAAEe}F AAHIE 7|
02 wiggl 500,0009¢/kWh, PCS 250,0009/kW
2 7Moo, A7t fAEsEE2 AYATE L
sto] & AAu|e] 1%2 7Pgstgnt. 250kWh-100kW
Z3ho] 11.5¥ 08 FxH] 3j40f 714 g2 7|7to] &
2=, 350kWh-50kWxglo] 16.742& 7k 71 7]
7o) 48 F Aoz FHHr

Table 9. Total Investment Payback Period

4.3.2 Mg 24
A AJst ESS 8F

3 wiE et PCS 22 ‘91 o‘% FRFS HAAslo] B4
sttt S FHI2 HiEg] 250kWh, PCS 75kWE

7|1&8FoR %H%%(HHE%EI 50kWh, PCS 25kW)<&
71ete] Attt & FHET 2t A7t Hel Al
APAIR= Table 8, Fig. 99 2t & oo 7B & &
& 350kWh-100kWxgoe]1l, PCSE&& 100kWY )
9] 22 HiE g &=l AGIe] 7,196,65999] 7]
85 AL gRlstglon, AY=ka a7 ESS FHAY
Ageg A WYL HijE2et PCSE&=Fol 7MY &
350kWh-100kWxgto g2 EA =)

Table 8. Annual Benefit of the ESS Capacity Candidates

poa 220 2s0kwh 300kWh 350kWh
50kW 11,061,000 W14,840,758 W12,334,268
75KW | WI3308.649 | W14.978.338 | W16,204.819
100kW | W14.403.845 | W15798,182 | W17,241012
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O
gol
23] Helo] 7H 2 Ao® Uehgor},
8ol ol aawo] &

peg 2 250kwh 300kWh 350kWh
50kW 13.74/yr 12.0/yr 16.7/yr
75KW 11.9/yr 12.4/yr 13.2/yr
100kW 11.5/yr 12.2/yr 12.8/yr

ESS HiElg] ARA] AeRA1Y B5717H1 159
71228 Eq. (D9 @AW HAE @%} 15497t &
H2 Table 103+ 2t EI&2 20129~2022A%F
E7MISE B 1.67%S WS, A7t fAES

H|-8-2 B2pu] 3|7|IZH} FUoHAl & AAH9] 1%
= 7HgsHdtt.

o mlo

Table 10. Total Benefit by NPV

b 2 2s0kwh 300kWh 350kWh
50kW ¥-9,750,750 W35,736,370 W-30,610,980
75kW | W34317.235 | W30.612.570 | #20,259.785
100kW W43,557,675 ¥35,722,730 28,615,180

Table 89] 17t #HQ] EXoA= 350kWh-100kW
271474]

P e F el
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