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Abstract

Considering to Energy Storage System (ESS) is a global trend In order to reduce global warming and carbon
emissions. South Korea has announced various policies to vitalize the development and uptake of renewable
energy. South Korea is planning the cumulative capacity of ESS of two million kW in 2020. According to the
government support and development of technology companies, the battery of ESS prices are expected to fall
gradually. In this paper, we develop a planning model that take into account the supply expansion of technology
of ESS and prices. Based on planning model, we analyze the cost of ESS linked with wind power and the
revenue for trading electricity and renewable energy certifications.
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Table 1. Renewable energy ratio based on 6th on Basic
plan of Long-term electricity supply and
demand (BPE)

X L6 AHEHEVIEAY 7k AR AR A
% % A v
Year ‘15 | ‘20 | ‘25 | ‘27
The amount of REx(%) | 4.4 | 8.4 | 11.3|12.6
Power Plant Capacity of
8.6 | 13.9 | 18.7 | 20.2
RE(%)
RE : Renewable Energy

Portfolio Standard) o] &3l F d=Edbd =g
o] 10% ZAAI7IE @3 2022 A 2 =+ 2024
oz w2, &R WAL BYHAIY 9
o el v REC A% A%AS ol 7
golt}.

wE FRe Anegfs g ARy oy
Aol wel ESS By gd ZeAo] Frkske A#
& wrgste], 20208 7b4 FA 200MkW ESSE B
FA5D ek GEFAAE, o xﬁ%xﬂﬂm
0 FAUD. Ol BAAYA L A
ArE FHow 2 AFE WA RS AE
Bgerel AARAIA QY BSSE A fEa]
Qst FEkbdel ESS dAAste] &9 Aol RECe]
TteAE ol B Aot g ESS7F g e
2 889 5 U= #4A 4AHS Avlsta At
Table 2. Propagation of ESS
E 2 AUARNEA HEAA

Sort ‘13| ‘14 | ‘15| ‘16 | ‘17 | ‘20

Power Plant

Capacity by | 100 | 150 | 250 | 300 | 300 | 300

year(MW)

Accumulated

capacity 100 | 250 | 500 | 800 |1,100] 2,000
(MW)

o dE 52 ESS HES 98ke ESS A <
MEBE A Fstar 9l dE-2 20129 5F 3609 4l
TR ESS A Bz 4%‘% FA8ka ot v
A LYol AB 2514%9& BT HAA  SGIP(Self
Generation Incentive Program)S ESS Fx}o| t)3h
QAE B E Hof 28/W7HA Algskar A1l
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Fig. 1. Leamning curve for lithium-ion batteries for ESS
Izl 1. 2l ol JtHEEet stE=sME o888t ESSe
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Table 3. Accumulated capacity of Energy Storage
System (ESS)
% 3. 74 ESS §%F
Accumulated Accumulated
Year capacity of Year capacity of
ECC (MW) ECC (MW)
2013 100 2025 3,521
2014 250 2026 3,829
2015 500 2027 4,138
2016 800 2028 4,448
2017 1,100 2029 4,759
2018 1,400 2030 5,072
2019 1,700 2031 5,385
2020 2,000 2032 5,700
2021 2,301 2033 6,016
2022 2,604 2034 6,332
2023 2,908 2035 6,650
2024 3,214

o BHEY QYAR
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Table 4. Investment cost of ESS
¥ 4. ESS 7ol wE AuExu]4

Commerci - Power
Sort Home al Industrial |Generatio
(IMW)
-Battery,|-Automation switch
Stateme P C S —-Smart meter )
Equipment|-Transformer Equipment and
nt .
and Installation
Installation |[-PCS Equipment and Installation
Total
cost 12,350 540,300 | 932,800 | 1,619,800
(€]
Unit cost . .
kW) 1,235 2,161 1,866 1,620

Z#3A] @ Electric Power Research Institute, Energy Storage
System Costs 2011 update Executive Summary, 2012.
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Table 5. REC of solar power generation
E 5 HEE 2 AARANYA FFAFTA T
medium — Wind Power Inverter Smart Meter ——|
Type Small scale size Large scale t——— Local Loads
(~100kW) (100kW~ (BMW~) e %
SMW) sensor
General 1.2 12+10 |1.2+1.0+1.7 Fig. 3 ESS Block Diagram connected with solar power
and wind power
O3 3 B ¢ ZUN ESS oA M E
Building 1.5 1.5+1.0
(st )
On the
1.5 Input data based on 6" Basic Plan of
water Long-Term Electricity Supply and
Oemand

Calculate renewable energy generation
cost

Table 6. REC of wind power generation connected with

ESS
3 6. ESS7F AlEl FEwae]l Aol gHel Estimate investment cost ESS based
%‘. }\1 7].% 7‘(] on propagation capacity
Sort |Current Revision

HiridSolar connected With
ESS?

Fixed | Usual Peak(3~4h) JoacEss

. The amount of generation for solar and The amount of generation for Wind and
Wind . . . ESS £S5
L BSS 159 161 17d l
10 | 10 i
(Calculate Wind and ESS revenue based
55 5.0 4.5 ’ Calculate Solar-ESS REC ‘ on REC weight
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o W Aush gREe AAsn gew,
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2021 18,144,080 124,467
2022 20,317,189 121,973
2023 22,927,935 119,383
2024 25,338,815 116,870
2025 27,762,416 114,277
2026 30,194,500 112,883
2027 32,631,271 111,637
2028 35,069,451 110,485
2029 37,523,613 109,266
2030 39,986,365 108,045
2031 42,457,736 106,825
2032 44,937,757 105,603
2033 47,426,459 104,382
2034 49,923,870 103,159
2035 52,430,023 101,936

2. AAANYA w2 TAWA

w AolAE ESS =9 the w g2 ned 64
5Fo1uAE el vge F4sdAn £ 8o
AR FARAE B, 1 Wl H EE ESS
wm A QAR Bt BT
ot < ¢ F 3der, ESS 1
iﬁ% Qe #4149 HEFARYAG] Bade

Fig. 6. Portion of renewable energy capacity considering
ESS
% 6. ESS Md|E s MaTM Table 8. Outlook of renewable energy
F 7L 22 A NNEAGNMY 12 oA o X 8 AAAUA v wbAR 9 oAt
v BgulE S7hen shg3Ag 7Nte g 203547t Total RE
2] ESS gy A GrbE ALke ol (A4 cost of | Ty amount of generation
; . Year | RE(Tril | """ (Mwh) t{(Won/
Aol FYAL, 20140 G2 FF e Elo) fion “Nwh)
o] BFB-ESS HAGstE 2ME/KWh 2, FFE Won)
dA) M=d BAwtE S5 gou) gEole 2013 | 5.62 18,953,644 296,529
AR 9] At 2 AR 7jede wE 2014 6.39 26,761,782 238,812
dul @7t gk gom st drhel WSz 2015 7.73 37,106,011 208,379
T AE e A Grid-Parity)d @l 7k 2016 | 353 | 43,930,226 80,389
ok 4 2t
2017 3.74 50,968,711 73,441
Table 7. Outlook of energy storage system 2018 5.10 62,001,055 82,177
¥ 7 ESS Au] w2 ukdgsl 2019 8.00 76,324,881 104,836
Vear The amount ggnoesrtatci)gn 2020 17.55 86,997,452 201,748
ESS (MWh) ESS(Won/MWh) 2021 6.60 98,907,916 66,730
2013 788,400 222,048 2022 6.05 107,800,801 56,091
;81; é‘gﬁ'ggg ;g;;gg 2023 9.81 115,707,127 84,777
5016 6.307.200 203.134 2024 9.50 121,208,535 78,347
2017 8,672,400 184,114 2025 10.87 128,998,600 84,282
2018 11,037,600 165,094 2026 6.13 137,648,532 44,521
2019 13,402,800 146,074 2027 | 12.22 | 145,579,663 83,952
2020 15,768,000 127,054
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Table 9. Outlook of ESS total cost by use type (unit :
one hundred million won)
E 9 ESS FFel w2 #ddn] 9rf (2] 0 ankgd)

COITHE Power
Year H ome . Industrial Generation
rcial
2013 537 565 858 1,751
2014 806 847 1,287 2,627

2015 1,344 1,412 2,146 4,380
2016 1,508 1,568 2,354 4,805

HEA g

]—}\}\E

At

4. ESS REC % JI4AgHE
A= ESS ET?

AAIAAGAE T4
AT A} ESSE
e A e l
g REC 7}&x A A
M= 71+ 9 REC 7}% 1
100k =2 Aol &

B AR AAG(E 1DS &

Table 10. Outlook of benefit and
utilities(unit : one trillion won)

for

10. 71¥ ¥¥ REC 7}5AS 483 4A4 2

(H91:1007H<1)

2017 1,405 1,442 2,134 4,355

2018 1,302 1,316 1,913 3,905

2019 1,198 1,190 1,693 3,455

2020 1,095 1,064 1,472 3,005

2021 1,086 1,052 1,449 2,957

2022 1,076 1,841 2,784 2,912

2023 1,067 1,027 1,402 2,863

2024 1,058 1,014 1,378 2,815

2025 1,048 1,001 1,353 2,766

2026 1,045 997 1,343 2,741

2027 1,042 992 1,334 2,721

2028 1,038 987 1,324 2,702

2029 1,035 982 1,314 2,682

2030 1,032 977 1,304 2,661

2031 1,029 972 1,293 2,640

2032 1,025 967 1,283 2,619

2033 1,022 962 1,273 2,598

2034 1,018 957 1,262 2,576

2035 1,015 951 1,251 2,555

vear | B | Towl | ool
2013 4.46 0.67 -3.79
2014 4.99 1.77 -3.22
2015 5.75 2.96 -2.79
2016 2.83 3.93 1.10
2017 2.07 4.63 2.56
2018 4.52 6.36 1.84
2019 4.95 7.98 3.03
2020 3.52 9.15 5.62
2021 5.58 11.06 5.48
2022 4.82 12.58 7.76
2023 8.27 13.50 5.24
2024 7.93 14.03 6.10
2025 8.19 14.29 6.10
2026 1.28 14.84 13.56
2027 10.59 15.52 4.93
2 =AM E 2017d o] F9 FE REC 7} Xl
gale], 2018 o] o= ESS9] 7w A&k A
Ae st ThEAE AN T AAolnm 2
Eaol A 20184 o] F o] JhEAE 452 WEol fl
e Mg shel wAAAe) AAde SR
71% ¥4 RECE 1S AR °F 30% B%=
G0 el @ AL ¢ & er, 2017d o Fe
%2 REC 7}gAol thdt 9% & 283
AbstaL det.

power
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Table 11. Outlook of benefit and cost for power utilities
considering for REC weighted value number of
wind power (unit : one trillion won)

X 11 71¥ ¥9 REC 7IsA & 488 AAd 24
Solar/Wind/
2013 4.46 2.42 -2.05
2014 4.99 1.77 -3.22
2015 5.75 3.29 -2.46
2016 2.83 4.40 1.57
2017 2.07 5.20 3.13
2018 4.52 7.08 2.56
2019 4.95 8.85 3.90
2020 3.52 10.17 6.65
2021 5.58 12.24 6.66
2022 4.82 13.90 9.08
2023 8.27 15.01 6.74
2024 7.93 15.70 7.7
2025 8.19 16.12 7.93
2026 1.28 16.84 15.55
2027 10.59 17.66 7.06

a9 7 ESS EuEe 9ste], ESS A A o
5 2]

Eﬁ“‘ 170
HEE 25/MW Xl%ﬂii—% 35 7H*é%
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— After wind REC revision

— Current Wind REC

— Current Wind REC + Incentive
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Comparison  with  benefit  for power utilities
considering that REC weighted value number of
wind power and ESS incentives
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