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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 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. Statistics on ESS valuation by service
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Fig. 2. ESS project life cycle process
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Table 1. ES technology screening algorithms

Parts Component Score
+ Application feasibility
Service — Discharge duration, cycle life,
round trip efficiency
Location | * Grid application feasibility 010
+ Capital cost ’
Cost — Power service ($/kW)
— Energy service ($/kWh)
Maturity | * Technology Readiness level

A7) WS B3 RS / BSS AH)A Fa 8727
S THEShe BSS 7]eS Al F, olo] 1 ESS 7|&H
A3 OxZ0l2 Ak o @ Wyl & TH ESS V)
< AT BSS }\1&]/\ 7“‘@'/\4(Serv1ce Hx]E}EH%
(Location), x| EfdAI(Cost) W 7<= H%E(Matumty)
O] 47HA] g o g JrEate] ottt o|d| vt
7} BEe Au) RS 7 Ee R gy, B4 ESS 7149
ZAAA H71= LCOS (Levelized Cost of Storage, w5
S} Au8) o] FA4E S8l o]FolAIY BT A2 ESS
7l S8Rlo] A%H o AXUA 9 AR AL A
Aol w2 thefRt vlg-S st e AlmR, 1=
wol A AASH= #HA 7e A 9 2
Al2gl G 5 ZAlo] st A7) Bkl dish
Table 20 AIAJE HER}F ZFo] 00flA] 1,0 W] Wellx] A=k

e g

o o

ni

34 A Ao

Table 2. ES technology scoring algorithms

Parts Component Results
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Table 3. ESS service requirement
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Residential Industrial Distribution Transmission response time
1. Bulk Energy Services
Energy arbitrage (electricity markets) X X 0 0 hrs
Electric supply capacity X X (0] O hrs
2. Ancillary Services
Regulation X X O O sec
Operating reserve (Spinning) X X 0 0 sec
Operating reserve (Non—Spinning) X X 0 0 sec
Operating reserve (supplementary) X X @) 0] sec
Voltage support X X (0] X sec
Black start X X O O min
Other Related Uses 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 O X sec
5, Customer Energy Management Services
Power quality O (0] (0] X ms
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Demand charge management O (0] X X min

2.2.2 ESS Tech DB

7] ESS Service DB} §7 & A9 HE tii<l
ESS 35 7]4:9] Tech, DB Table 49} 2t} X DB7}
gk A ESS 7]eS dlEel e, 55714
, E2old 5 71A - s F 127119 7es et
o} 53] FUT ESS 7oA A= thE A AEA%E

r S7d4ko] AlAEt), E3t s ESS Tech, DB ¥
of Wt AR ESS 7|9] F7F 9 AHA|, 7l A |
o] 7Fs3te® HJ3itt, & DBol| 23HH ESS 4 7
g og ESS AH|A BRG] B4 93 UhE x]&A

(Discharge duration time), AFo|Z 4= (Cycle life),

kOmE

oLy odt

I
|

Round trip &&(Round trip efficiency)©] 2 ch 11
23 TeS B ey HAS 9Js) o Telse] 91
5 218, AIE, W, A w2 el 242t

)

o] BSS 7]49) 2 b
HSIA Mg Rofai

3. Al =4

2 7ledse 52 0~1.0

] ESS Tech./Service DBE H}
(@8 4471 EuE Bl

3.1 Al @ EfZ +ESS 88 FM7|xI SFAH|0|M

A0 A2 Bkl + ESS §3F A7) 2HAHo]

A 8- 1t JJX*ESS7I

N

S Hgstid sin, ol

ATt AT 2 721 AT oUATARE 20228 Al

2023, 3 Vol.19, No.1 35



XNz - olX[A -

Usin

Table 4. ES technology DB

AR - YIE

Discharge

Cost at

Round—trip

Cycle life

Calendar

Depth of

Response

Output in

Feasibility score

Storage f . : ! ; . Tech
technology czaranon 100 kW | efficiency (# of life discharge | time to electric readiness | Resi— | Indu— | Distribu~ | Trans—
ours) | ($/kW) (%) cycles) (yrs) (%) full power| form dential | strial tion |mission
2 1060 86 2000 10 80 ms Yes 1 1 1 1 1
Lithium— 4 1833 36 2000 10 80 ms Yes 1 1 1 1 1
i ickel—
101 THEKe 6 2608 86 2000 10 80 ms Yes 1 1 1 1 1
manganese—
cobalt, 8 3372 86 2000 10 80 ms Yes 1 1 1 1 1
10 4132 86 2000 10 80 ms Yes 1 1 1 1 1
0.5 699,45 82 3000 10 80 ms Yes 1 1 1 1 1
1 755.2 82 3000 10 80 ms Yes 1 1 1 1 1
2 1438.8 86 3000 10 80 ms Yes 1 1 1 1 1
3 2038.5 86 3000 10 80 ms Yes 1 1 1 1 1
Lithium—ion 4 2638.4 86 3000 10 80 ms Yes 1 1 1 1 1
5 3238 86 3000 10 80 ms Yes 1 1 1 1 1
6 3837.6 86 3000 10 80 ms Yes 1 1 1 1 1
7 44352 86 3000 10 80 ms Yes 1 1 1 1 1
8 5036.8 86 3000 10 80 ms Yes 1 1 1 1 1
2 1065 77 862 12 58 ms Yes 1 0.8 0.8 0.5 0.1
4 1808 79 739 12 67 ms Yes 1 0.8 0.8 0.5 0.1
Lead—acid 6 2552 82 675 12 73 ms Yes 1 0.8 0.8 0.5 0.1
8 3296 83.5 635 12 78 ms Yes 1 0.8 0.8 0.5 0.1
10 4040 85 599 12 82 ms Yes 1 0.8 0.8 0.5 0.1
2 1693 68 5201 15 100 ms Yes 0.6 0 0.5 0.6 0.3
‘ 4 3452 68 5201 15 100 ms Yes 0.6 0 0.5 0.6 0.3
Vanadium 4587 68 5201 15 100 ms Yes 0.6 0 | 05| 06 | 03
redox flow
8 4961.6 68 5201 15 100 ms Yes 0.6 0 0.5 0.6 0.3
10 4568 68 5201 15 100 ms Yes 0.6 0 0.5 0.6 0.3
3 1429.5 70 1500 20 100 ms Yes 0.6 0.2 0.5 0.6 0.1
4 2521.2 70 1500 20 100 ms Yes 0.6 0.2 0.5 0.6 0.1
Flow battery
5 2469.5 70 1500 20 100 ms Yes 0.6 0.2 0.5 0.6 0.1
6 2915.4 70 1500 20 100 ms Yes 0.6 0.2 0.5 0.6 0.1
Flow 4 2020, 4 70 1500 20 100 ms Yes 0.6 0.2 0.5 0.6 0.1
battery —
Tron 8 3507.2 70 1500 20 100 ms Yes 0.6 0.2 0.5 0.6 0.1
Compressed— 4 na 52 10403 40 100 ms Yes O, 8 0 0 O, 3 1
air energy
10 na 52 10403 40 100 ms Yes 0.8 0 0 0.3 1
storage
Pumped 4 na 80 13870 40 100 min Yes 1 1
hydro storage 10 na 80 13870 40 100 min Yes 1 1
Flywheel —
Long 4 3421,2 80 na 20 100 ms Yes 0.5 0 0.4 0.9 0.8
duration
Flywheel —
Short 0.5 1250 80 na 20 100 ms Yes 0.8 0 0.4 0.9 0.8
duration
Sodium 6 2639.4 75 5000 15 80 ms Yes 0.8 0 1 1 0.9
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Table 5. Case study of ES technology selection
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ESS Service Candidates Tech, Screening Scoring Tech, Priority
(D Mechanical ESS : 4 cases LIB, Sodium
— CAES, LAES, Flywheel, { | ion, VRFB
Pumped Hydro Etc(9) 1. LIB (Iron—phosphate)
= = = = |9 1IB
BTM/ Tech Scoring 3' LIB (NMC)
Residential i : 9 Technologi ’
sidential (2 Chemical ESS : 8 cases CAES. LAES (9 Technologies) 4, Sodium ion battery
— LIB, LIB (NMC), LIB (Iron X s s 5. Tead—acid battery
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VRFB, Flow battery (Iron)
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Table 6. Key conditions

System Discharge
Case | Grid location ESS Service ys duration
size
(hrs)
#1 | Transmission | Energy arbitrage | 100 MW 4
Fr
#2 | Transmission equel'lcy 100 MW | up to 0.5
Regulation
Distributi
#3 | Distribution istribution 1 MW 4
Upgrade deferral
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Fig. 6. ES technology feasibility: transmission case
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Fig. 7. ES technology feasibility: distribution case
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Fig. 8. Rated power of ESS installations by service
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