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ABSTRACT: The expanding significance of energy storage (ES) technology is increasing the acceptability of power systems by
augmenting renewable energy supply. To deploy such ES technologies, we must select the optimal technology that meets the
requirements of the system and confirm the technical and economic feasibility of the business model based on it. Herein, we propose a
method and tool for selecting the optimal ES technology and service suitable for meeting the requirements of the system, based on its
performance characteristics. The method described in this study can be used to discover and apply various ES technologies and develop

business models with excellent economic feasibility.
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Fig. 1. Overview of ES Technology & Application
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Fig. 2. ES service selection algorithm

Table 1. ES technology selection algorithm®

Parts Component Results Parts Component Score
Grid location | - Location feasibility ) - Application feasibility
Service ) . . . .
- Discharge duration time (DDT) - discharge duration, cycle life, round trip efficiency
-DDT_DB = DDT_User True or Location | - Grid application feasibility
ESS Service | - Response time(RT) False - Capital cost 0~1.0
requirement -RT_DB = RT_User Cost - Power service ($/kW)
- Electricity output - Energy service ($/kWh)
(Power or Energy) Maturity | - Technology Readiness level

a. ES technology screening

b. ES technology scoring

AL



J.H. Lee et al./ Current Photovoltaic Research 11(2) 58-65 (2023) 61

7Fetod AlE 24 a724s WSS 4 Qs FELESS AH|A
£ AHstcK Table 2 3=). A B3] 18] =/ ESS AJH]
2 24 QRS WESH=ESS AR AE A £, o]o] 31
ESS Aol HEhe S4ee9le Hape o 2 Holeic 25 7
B ESS AR A At =ES A5 (Feasibility), Service
HQJ(Beneﬁt) 9 AH| A AR S (Market value) 2] 3714] &

202 pRste] Wkl s Hlolelo] that Al AR o]
ko ‘_A—l ARE Zz31ch A7) HrFskEof thal] Table 20 AJA|
1 o} 2201 0014 1.0 1] ol esl 5 o] 5 ko 2 2
HrE AP sto] ajd ESS 7)ol At Auj29f 4%

92 AN,

ofN

o

2.3 Database : ES AMH|A 2
A37] 2] ESS AH|2 A4S 913t 84

Table 2. ES service selection criteria

uho} o] ESS Ajul 2T ESS Aju]2 o] DB 7
Hajo] B4 9o 1% ke theat 2.

2.3.1 ESS Service 27X

)=t Sandia =8 QL4 0] B LA of| w2 ES 7]<:0] A3
= B AL A 1. o)Ek A A2, B2 A A3, AT A
H| 2 4, ui ) Au] A5, =87 o | 2| ke A AR SRR
Z1zto] thgt EAJE aresto] 5 1870 Aju| AR SListo] & 4
A ]2 g ojof tigh Al AL B =50 oS
ojif g AYergict

3 oJ7Lo) 4] ESS Service DB= ESS7} M & A Bof| A28t
/\ o]L ];].0]:5]_ }ﬂ]j]/\()ﬂ 0101 1;41: _r];(] JJA H}_Q_/\] 7t
ESS An| o] 2% &3 g glo|g| & 23I3ict wadstod, 2 ¢l
TFof| A B2 9]l -8 ESS Service DB t}-2-2] Table 3

=
o]
=

Parts Component Results Parts Component Score
Grid location | - Location feasibility Service Feasibility Discharge duration
- Discharge duration time (DDT) Service benefit
- DDT_DB = DDT_User True or Service Benefit
ESS Service - (USD/KW, 10 years) 0~1.0
requirement | Response time (RT) False : :
-RT_DB = RT_User Service market potential
Market value
- Electricity output (Power or Energy) (MW, 10 years)
a. ES service screening b. ES service scoring
Table 3. ESS service requirement®
o Grid location ) .
Application name - - - — — min, response time
Residential Industrial Distribution Transmission
1. Bulk Energy Services
Energy arbitrage (electricity markets) X X (0] O hrs
Electric supply capacity X X hrs
2. Ancillary Services
Regulation X X O (6] sec
Operating reserve (Spinning) X X (0] O sec
Operating reserve (Non-Spinning) X X (0] O sec
Operating reserve (supplementary) X X (0] O sec
Voltage support X X (0] X sec
Black start X X (0] O min
Other Related Uses (0] (0] O (0] sec~hrs
3. Transmission Infrastructure Services
Transmission upgrade deferral X X (0] O min
Transmission congestion relief X X (0] O min
4. Distribution Infrastructure Services
Distribution upgrade deferral X X (0] X min
Voltage support X X (0] X sec
5. Customer Energy Management Services
Power quality O O (0] X ms
Power Reliability X X (0] O sec
Retail TOU energy charges O O X X min
Demand charge management O O X X min
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Application name Service Benefit_expected_average Service market
($/kwW) (MW, 10 years, U.S. Case)

Energy arbitrage (electricity markets) 550 18,417
Electric supply capacity 535 18,417
Peak shaving 40 36,834
Renewable energy time shift 30 36,834
Frequency regulation 30 1,012
Operating reserve (non-spinning) 20 5,896
Operating reserve (spinning) 40 5,896
Operating reserve (supplementary) 20 5,896
Voltage support 400 9,029
Black start 0 0
Ramp support 20 0
Transmission upgrade deferral 584 4,986
Transmission congestion relief 86 36,834
Stability damping control 0 0
Distribution upgrade deferral 584 4,986
Voltage regulation 1,043 9,029
Reliability 669 9,029
Resilience (back-up power) NA NA
Power quality 669 9,029
Retail TOU energy charges 1,226 64,228
Demand charge management 582 32,111
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Table 5. Comparison of various ES technologies
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Storage technology Lithium_—NMC Battery Vanadium Redox Sodium Sulfur Na—NiCl, Battery
(LiB-NMC) Flow Battery (VRFB) (NaS) (ZEBRA)
Capital Cost (US$/kW) 467 648 400 454
Round trip efficiency (%) 95 78 83 87
Cycle life 5,600 >10,000 5,600 4,500
Response time <ms <ms <ms <ms
Discharge duration time (h) 8 8 8 3
Technology Maturity (0~1.0) 1.0 0.7 0.7 0.4
Feasibility score | Residential 1.0 0.0 0.0 0.3
(0~1.0) Industrial 1.0 0.5 1.0 1.0
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