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ABSTRACT: In order to deploy the large-scale energy storage (ES) service in the various industry, it is very important to develop a
business model with high technological and economic feasibility through detailed valuation of cost and expected benefits. In relation to
this, this paper established an optimal scheduling plan for electric vehicle charging stations connected with photovoltaic (PV) and ES
technologies in Korea using the distributed energy resource valuation tool and analyzed the feasibility of the project. In addition, the
impact of incentives such as REC (Renewable Energy Certificate) to be given to electric vehicle charging stations in accordance with the
relevant laws to be revised in the future was analyzed. As a results, the methodology presented in this paper are expected to be used in
various ways to analyze the feasibility of various business models linked to renewable energy and ES technologies as well as the electric
vehicle market.

Key words: Energy Storage System, PV, EV Station, ESS Valuation

1. M 2 Al efd Sh 7t A 7] W o2 it} 53] T2 A

E0] HAA F7lo) Qlo] ESS7F Algsh= Hole R dF

22y A2AFIA| Q] SNE 241%]o] w2 A A|A| ESS 3hat 4= Qi o]0l TP ES A Feh).

(energy storage service) A% TFE=2019d 11 GWh, 20203 o]t AlEto] ulgl, kX ES 7|&9 B & YsiA=
20 GWhE 7|£3}91.21 20301 302 GWh7HA] A%t 35% A e 9 vlg AR =23} A Als-e] QA ol st
A3k 710 2 Ankstar e}, T35 S ujzx)(Wood Mackenzie) = | H O ESS 7S Akl A %1 Al ol sH o] of]
L2030 95 2] B4 vl EF A 7F B3 2Ad(1990 tE] 55% AR 7 IR 7S Bl 7 BA A SR Bl o] =2 At
Azhell qlol 71 2 A E o] iz 71 SR ES (energy PrdS 7Eske Alo] asit). Heisto] IRENA 3 vl=
storage) 7142 AAISHIL QTP A A E v} o] =37 ESS Sandia National Lab. of| A= ESS 7} A 2-51= H 2] o] t 3t 712
AP ZAE W =2 A o' FUEV d A= F R B7hel Begh P22 AL QTP Y. o] IRENAZL A A]
AYE O] B2 o] FoX|X] Fdh= Aot o] & o Sl=ESS 71|37} 228 9] 91 = AAYE W S5 $lgt At

elo 2 AR Yol A 7] KInternational Renewable Energy Z| 9] ESS 1A E-AFof U X] A}FA(Distributed Energy Resource,
Agency, IRENA)= ES 7|0 € o U] 7] 7] oju] n]go] 5tk DER) ARIH S Bro futsglon] Heix sy mus)

= 43 G ESS7} A8 2o Al gshe delo] ofgt 1K ol 7]uIatel ESS 717 ik vl g SkAQ1 ESS A
%M valuation) 7} Aeh = A A] oto] QIS 9184 W AAAS 917 kS AIXITIE IRENA 2 0] Sandia 1191

Taof| A AASRZ ES 72 7R 7HE flRt 8 A o

. : - : S} ZelFig. 1 Z2).
Corresponding author: jihyun.lee@kepco.co.kr (Ji Hyun Lee); .
ay.yoon@tukorea.ac.kr (Ah-Yun Yoon) Fig. 104 AA|E vfe} Zro] 713 J+ Xjo]= 9] ©L}ESS

(© 2023 by Korea Photovoltaic Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

124



J.H. Lee et al./ Current Photovoltaic Research 11(4) 124-133 (2023) 125

chricity storage |
upport the ¥

service: Ppo
integration af VRE

Map storage
technalogias with
entifled services

____________________
Analyse the system value of |
electricity storage compared ¥

to alternative flerdbility options ¢_
Phase
———————————————————— -
I Simulate storage
¥ operation and
#E stacking of revenue
B - - - - - - - - - - - - - - - - = »

Assess the viability of
the storage project

Evaluate the dollar
value of selected
servicels)

Consider any

Identify desired
sefvice(s) RN OF

market limitations

Choose a
technelogy that
can provide
selected servicels)

Determine
technology costs
for chosen
servicels)

Calculate the
levelized cost

Compare the
outcome with
altemative
technologies

Perform a cost-

benefit analysis

Fig. 1. ESS valuation framework suggested by IRENA & Sandia National Research Laboratory® *
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Table 1. EV charging station operating conditions
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2.3.2 Conditions
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Parameter Symbol Value Reference
PV capacity - 100 kW
ESS capacity .., 300 kWh [11]
PCS capacity P 300 kW
ESS round trip efficiency n 83% [12]
SoC limit S0Cmin, SOCrmax 10~90%
self-discharge rate - 0%
limit daily cycle - ESS capacity
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Table 2. EV charging station electricity price'™

Classification Low voltage option | KRW/kWh
off-peak-load 22 ~ 8h 85.4
spring 8~11h
(Mar.~May), mid-load 12 ~13h 97.2
autumn 18 ~22h
(Sept-=0ct) peak-load 1; : 1:: 102.1
off-peak-load 22 ~8h 95.9
8~11h
summer mid-load 12~13h 162.2
(Jun.~Aug.) 18 ~22h
peak-load 1; N 12: 2035
off-peak-load 22 ~8h 110.6
8~0oh
winter mid-load 12 ~16h 143.1
(Nov.~Feb.) 19 ~ 22h
peak-load 1%:1129hh 172
Table 3. Financial conditions for economic evaluation
Parameter Value Reference
PV, ESS Expected Lifetime 20 year
discount rate 7%
inflation rate 3%
Decomissioning cost 0
ESS capital cost 253.8 $/kWh+769.2 $/kW [14]
PV capital cost 1,538.5 $/kW 11
PV Fixed O&M Cost 11.3 $/kW [11]
ESS Fixed O&M Cost 10 $/kW [11]
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Fig. 8. Cost & benefit analysis
Table 4. Cash flow analysis : Baseline case (unit : $)
Year Demand charge Energy charge ESS ESS Fixed PV PV Annual
reduction reduction CAPEX O&M CAPEX Fixed O&M net profit
2022 -53 21,685 -152,000 -1,000 -154,000 -11 -285,379
2023 -53 21,685 0 -1,030 0 -12 20,590
2024 -53 21,685 0 -1,061 0 -12 20,559
2025 -53 21,685 0 -1,093 0 -12 20,527
2026 -53 21,685 0 -1,126 0 -13 20,494
2027 -53 21,685 0 -1,159 0 -13 20,460
2028 -53 21,685 0 -1,194 0 -13 20,424
2029 -53 21,685 0 -1,230 0 -14 20,388
2030 -53 21,685 0 -1,267 0 -14 20,351
2031 -53 21,685 0 -1,305 0 -15 20,312
2032 -53 21,685 0 -1,344 0 -15 20,273
2033 -53 21,685 0 -1,384 0 -16 20,232
2034 -53 21,685 0 -1,426 0 -16 20,190
2035 -53 21,685 0 -1,469 0 -17 20,147
2036 -53 21,685 0 -1,513 0 -17 20,102
2037 -53 21,685 0 -1,558 0 -18 20,056
2038 -53 21,685 0 -1,605 0 -18 20,009
2039 -53 21,685 0 -1,653 0 -19 19,960
2040 -53 21,685 0 -1,702 0 -19 19,910
2041 -53 21,685 0 -1,754 0 -20 19,859
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Table 5. Cash flow analysis : Study case (unit : $)
Year Demand charge | Energy charge REC ESS ESS PV PV Fixed Annual
reduction reduction Profit CAPEX Fixed O&M CAPEX O&M net profit
2022 -53 21,685 8,314.67 -152,000 -1,000 -154,000 -11 -277,064.33
2023 -53 21,685 8,314.67 0 -1,030 0 -12 28,904.67
2024 -563 21,685 8,314.67 0 -1,061 0 -12 28,873.67
2025 -563 21,685 8,314.67 0 -1,093 0 -12 28,841.67
2026 -63 21,685 8,314.67 0 -1,126 0 -13 28,808.67
2027 -63 21,685 8,314.67 0 -1,159 0 -13 28,774.67
2028 -53 21,685 8,314.67 0 -1,194 0 -13 28,738.67
2029 -53 21,685 8,314.67 0 -1,230 0 -14 28,702.67
2030 -53 21,685 8,314.67 0 -1,267 0 -14 28,665.67
2031 -53 21,685 8,314.67 0 -1,305 0 -15 28,626.67
2032 -563 21,685 8,314.67 0 -1,344 0 -15 28,587.67
2033 -63 21,685 8,314.67 0 -1,384 0 -16 28,546.67
2034 -63 21,685 8,314.67 0 -1,426 0 -16 28,504.67
2035 -63 21,685 8,314.67 0 -1,469 0 -17 28,461.67
2036 -53 21,685 8,314.67 0 -1,5613 0 -17 28,416.67
2037 -563 21,685 8,314.67 0 -1,658 0 -18 28,370.67
2038 -53 21,685 8,314.67 0 -1,605 0 -18 28,323.67
2039 -53 21,685 8,314.67 0 -1,653 0 -19 28,274.67
2040 -563 21,685 8,314.67 0 -1,702 0 -19 28,224.67
2041 -563 21,685 8,314.67 0 -1,754 0 -20 28,173.67
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Fig. 9. RECs pricing trend in South Korea'®
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