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SUMMARY

The renewable energy resources have been attracting public attention
because of environment problems like global warming effect. Although the
renewable energy has been constructed rapidly over the world, this
uncontrolled power sources can cause a problem of grid stability such as
unbalance situation between electricity supplement and demand load.

Especially, variability of renewable energy can negatively affect to power
system and increasing penetration of renewable energy causes penetration
limit of renewable energy. The grid operator has curtailed renewable energy
to maintain stable grid conditions.

From this view point, this thesis is analyzed for wind and solar power
generation ratios comparing with power load to minimize the limitation of
grid connection clean energy. Also, it presents curtailed renewable energy
depending on the ratio between wind and solar power generation. In addition,
the application of energy storage system devices was also considered to

maximize the use of renewable energy.

_Vi_



(Wind

. A
1 (Photovoltaic Power, PV)

A
Tl

SRE)
o =

&

A

-

R

S
L

4 Al

Power, WP)3} Ej?

o T RN W ook ® TR T ZT S AF
ol 3. T o " o T X 8 KX =~ 2 o —
* Q Mo X W BT gy ~ow ol X
ok I B S ojp o ok o = o oy
KR ,@ N o 1_m|y D MMO H.lmvﬂ o I mg =0 Nh ;ﬂoEH‘_ s Mlo
L )] T —_—
X T Ew o e Y r IR p _ K =
) XK g X & T & 5 & X o 0 & B oA
T S Mo o F F R oo@o= P oo 9 o)
g o = R - o
~ - O B o~ - 9% K — Nhy T —_
o> & bl — T w7 T
~ SeRes " i =) x © = 3 W g
QS W Moo /X 2 L ]9 X T Giin
= N g W o T T g Yog B T
X s s YT WergErr 3w
R w2 T = V i ©) &o =
TR EE Py INNEdy 2= 0 Z
e S TR~ S o g T R s Z o o
[ Gl X =0 (7o) :.L o zi ~ qm.o \_Ir_wL 1 m HT._ m
= o o Ol A 63 — o £ -~ S~ T = TOX o0
. p = T ap N oo = S g N
T T2 4 TP or B s T & oo
G PR ST Y R e T oy Do e P
A+ oz Mo it A = o " 3o R E A
Y Me XM &y W - ~ ﬁ T oor ﬂﬂ oM © . oﬂ T T
™ ! X ~ — ‘mr ) R = — 0 <
oF o 2 gy R G SRR i ol > mﬂ oy K & o
TS e X o w5 Moo w oo o
-y TR T o T o Y = T W N o
= - = - el st (== O# N = HT_ o)
of — T T g W e g m NOwWom o N TE g XHo ¥
LRy Wb o T oo Mmoo K
zWﬂg@ﬂﬂwm@mw%@;m_@%mw%w
e R S M F oo B ® = X T =0
o N ol Lo = BOX gy @ , X T N w =
T o o o er Tz e LS L owm Mw =
o X Lo % o o ke O R® o 1l
G A ol A I TG O N 3
woow ® N ¥ T A om oF w o S N w KT
Xow oW m R [ T WY MM TN % O I
S I L - - L < S e S s
G O B - s o S O ol
T T W M T T R T B AR T TR



oF

XH

a

TR e, Aol A

Hl-&S BA8k3th 18]al ESS(Energy Storage

System, o= A



w AelMe dgAses AU +84 SHE &) Al A
HlE Aol daAdt A A 2 vlE Ak gE S Aljbskaah, A el

Ao FAGE £ R A =8 A Ak, ESS dA 2dE A48T

2.1 A H& g 28A

CAISO+x 20501 9] m=r BAb: Ao deEead e 59 2 32 55%
s oA T3 g Fde] B v mE &9 At & 245
ggom old uigt A3} S Fig. 13 Table 10 YebH AT [4]. 1 Z oA
AR FE 92 HEEe] Bd vEo] wE FY At S HEhH Equal
Mix(Left dotted line)®} Curtailment-Minimizing Mix(Middle dotted line), "}*|
uto 2 Wind Vision Mix(Right dotted line)= 37F41 9] #3 2 efokdo] v

AldE] &5 vEbdY A a 37EA 9] AluE] e o] whve A2 AlvE e

- - o -
of ThE = AF G ou )
Solar Penetration
35% 30% 25% 20% 15% 10% 5% 0%
60 i T : 4 T 4 — ;
| I I
I | I
50 ¥ 1 I
| 1 I
. I | I
-é: 40 1 1 1
= I 1 I
g | | I
30 | | I
2 I | I
= 204 Equal Mix : Curtailment - : : Wind Vision
S (27.5% Wind, | Minimizing Mix | | Mix (44% wind,
27.5% PV) 1 (38% wind, I | 11% PV)
10 | 17% PV) I I
| I I
| 1 I
0 T . T T = T — T
20% 25% 30% 35% 40% 45% 50% 55%

Wind Penetration

Fig. 1 Amount of power curtailments due to penetration of WP and PV



Table 1 Analysis method result of CAISO

) Power generation ratio of Curtailment
Scenario
WP and PV(%) amount(TWh)
Equal Mix 27.5:27.5 50.0
Curtailment-
. . 38:17 38.0
Minimizing Mix
Wind Vision Mix 44:11 30.7
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Table 2 Status of the curtailment of WP in Jeju

_— Culzcsilment @OCurtailment ®g:;Zia2;Yler Ratio(%)
unt amount(MWh) (MWh) D/@ =100
2015 3 152 352,203 0.04
2016 6 252 470,376 0.05
2017 16 1,301 541,526 0.24
2018 17 1,347 538,996 0.25
2019.3.25 7 1,283 191,085 0.67
Total 49 4,335 2,093 0.21
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Table 3 Order of the U.S. system operators curtailment

Utility Curtailment order
CAISO Generator of most effective in relieving congestion.
MISO Generators that are most impact congestion and firm
transmission service.
Spp Wind generators of the contribution 5% or greater to a
curtailment (divided equally).
ISO-NE Pro-rated equally among effected generator that
self-Scheduled in day-ahead market.
Most expensive energy including wind
AESO ) P . .
(if transmission curtailment).
PSCO Cost of the generators as well as contractual issues.
Reverse installation order(cause of directly attribution is not applied).
o B If at least 60% of annual estimation energy product over 4years,
awaii . ) . . . .
curtailment will be priority(loss of priory on installation year).
Subject Exception: FIT project, net-metered PV.
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Fig. 4 Method of increasing acceptable production of RE
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20189 71 AFA 9] w524 AsS Table 40 YERHAY. &0 & &
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Table 4 Current status of supply facilities in Jeju

Facility Installed capacity(MW) Capacity ratio(%)
Thermal 590.0 36.6
HVDC 400.0 24.9
LNG 187.4 11.6
WP 266.4 16.5
PV 168.4 10.4
Total 1612.2 100.0

312 ATSFL 8%
201658 20181 7HA] AFA S Al'sT8 dAS Table 50 YeEbATE A5
Aejel A7) mFd 20124 E wd ¥ g ol FFsE

gros solva o dd div] 58%¢F 47%°] dEge S7HES HAth
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Table 5 Power demand in Jeju

Year Demand(GWh) Increasing ratio(%)
2016 5,127 -
2017 5,422 5.8
2018 5,675 4.7
3.1.3 AAAIA 9 FEF £4
AFAG ] F 2 uggRAe] AFEES Table 69 thehoch FHwA
e 20179 10%= 7HE =2 Aiaess Bolow, Hdddd Haed
20189 3%°] 7 =2 HARrES e
Table 6 WP and PV power generation, penetration in Jeju
Demand WP : bV -
Year Product Penetration Product Penetration
(GWh) (Gwh) (%) (GWh) (%)
2016 5,128 470.3 9.2 89.3 1.7
2017 5,422 541.2 10.0 140.8 2.6
2018 5,676 538.7 9.5 168.4 3.0
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Table 7 Seasonal penetration of WP and PV generation

WP PV
Season Demand
Year
(month) (GWh) Product | Penetration | Product | Penetration

(GWh) (%) (GWh) (%)
Spring(3,4,5) 1,219 102.5 8.4 28.1 2.3
Summer(6,7,8) 1,335 59.1 4.4 26.0 19

2016
Fall(9,10,11 1,175 1159 9.9 70.4 6.0
Winter(1,2,12) 1,399 192.7 13.8 16.7 1.2
Spring(3,4,5) 1,283 123.0 9.6 41.9 3.3
Summer(6,7,8) 1,429 64.6 45 39.8 2.8

2017
Fall(9,10,11 1,243 135.2 10.9 34.0 2.7
Winter(1,2,12) 1,468 218.5 14.9 25.0 1.7
Spring(3,4,5) 1,338 139.3 104 44.8 3.3
Summer(6,7,8) 1,498 88.0 5.9 49.0 3.3

2018
Fall(9,10,11 1,282 109.6 85 46.9 3.7
Winter(1,2,12) 1,558 201.8 13.0 27.8 1.8

32 749 &3 A

=M 2020858 20309744 T B OEGEe HA =9 AT HE
S RS s ABAR Y Fosh FH W AP g BAFL A

detath o Fos Al 83k AHEeH 71 Afe Fasiila, AnE e

of

‘CFI 2030 B A°] Azt %7F Awsa 7RAY v 27 vl RS Fu
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(4)

Table 8 Estimated of demand, WP and PV power generation, penetration

Year Demand(GWh) WP(MW) PV(MW) Penetration(%)
2020 5,699 1,238 473 30
2021 5,969 1,551 603 36
2022 6,212 2,113 713 45
2023 6,454 2,315 820 49
2024 6,696 2,517 910 51
2025 6,935 2,719 1,000 54
2026 7,171 3,126 1,082 59
2027 7,403 3,533 1,164 63
2028 7,631 3,939 1,247 68
2029 7,853 4,346 1,329 72
2030 8,068 4,752 1,411 76
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3.3.1 2020 (WP+PV A& 30%)
4w 202099 AEsad] hE B L BFPRAY] PR 30%2
Heon 30% HHe WA Ak FY A F& 2E FY L 9P

H] &S Fig. 5o YeElH Y. HA v &S WP:PV = 25% :5% (5.00:1)9]

s
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e
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W olu] djFst= 9 A F2 33 GWhE A 5 At
2020 YEAR
WP Penetration
30% 29% 28% 27% 26% 25% 24% 23% 22% 21% 20%
o
1 S
7 % i
| Minimum Curtailment 7
—é 6 o : b (25% WP, 5%PV ) A
o % i
S "._“- I
g 5 ™ 1 -
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Ta—; 4 ‘\\‘_.. i AT
-g s S N ;, o
S 3 :
i
2 i
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1 i
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Fig. 5 Curtailments of WP and PV power generation in 2020
AIFE 2] F Ak P} RIS EgE HYF E A Fe uw
st A3E Table 9o WEFSITE 4 A3 20200 HFH 49 24 Hl&

2 HAs9e A F 21 GWhel 29 A% ¢ 29 & Utk

Table 9 Curtailments of supply plan and computer analysis in 2020

" @OSupply plan @Computer O-®
ear

(GWh) analysis(GWh) (GWh)
2020 5.4 3.3 2.1
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Fig. 7 Curtailments of WP and PV power generation in 2025
AFE BAe) Y A G RuAE B 4F FY A% ¥ @
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Table 10 Curtailments of supply plan and computer analysis in 2025

- @OSupply Plan @Computer O-®
ear

(GWh) Analysis(GWh) (GWh)
2024 312.4 283.3 29.1
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Fig. 9 Curtailments of WP and PV power generation in 2030
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Table 11 Curtailments of supply plan and computer analysis in 2028

- @OSupply Plan @Computer O-®
ear

(GWh) Analysis(GWh) (GWh)
2028 1,379.90 1,278.90 101
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Table 12 Increased capacity of renewable energy with ESS capacity

Curtailment Enhancement(GWh)
Year amount(GWh) | ESS 5% | ESS 10% | ESS 15% | ESS 20%
2020 3.3 0.34 0.65 0.93 1.6
2021 22.5 1.24 2.34 3.31 4.07
2022 100.1 4.71 8.79 12.30 15.21
2023 164.2 7.31 13.71 19.26 23.91
2024 207.9 8.05 15 20.99 25.92
2025 283.3 10.18 18.94 26.40 32.69
2026 4349 14.54 27.49 | 38.632 | 48.02
2027 585.5 17.81 33.32 46.50 57.71
2028 801.7 22.23 41.98 59.6 75.1
2029 1,004 25.07 47.64 69.75 84.94
2030 1,278.9 30.17 57.25 81.23 102.72
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Table 13 Computer analysis result value

o Minimum
Minimum Increased
Penetration . curtailments of .
Year curtailments capacity for
(%) WP and PV
amount (GWh) ] ESS(GWh)
ratio (%)
2020 30 3.3 25:5 0.34 ~1.60
2021 36 22.5 28:8 1.24 ~4.07
2022 45 100.1 32:13 471 ~15.21
2023 49 164.2 32:13 7.31~23.91
2024 51 207.9 36:15 8.05~25.92
2025 54 283.3 38:16 10.18 ~ 32.69
2026 59 434.2 41:18 14.54 ~ 48.02
2027 63 585.5 44:19 17.81 ~57.71
2028 68 801.7 47 : 21 22.23~75.10
2029 72 1,004 50:22 25.07 ~84.94
2030 77 1,278.9 53:24 30.17 ~102.72
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Anl & v &S Bk ARk 2018 B ¢d b Au]8FS 1684 MWl A]
2030130l °oF 11.5W4¢] 1,936 MW B3 Eu7F F712 AX=H7]d = AFA
9o EAWMAI} Ful £ 5o o Fi ofele welth
Table 14 Power generation of supply plan and computer analysis
Supply plan Computer analysis
installed e e installed e e
weer capacity(MW) . 'Of capacity(MW) . 'Of
WP PV ratio WP PV ratio
2020 612 473 1.29:1 705 285 2.47:1
2021 767 603 1.27:1 826 477 1.73:1
2022 1,045 713 1.47:1 983 808 1.22:1
2023 1,145 820 1.60:1 1,085 968 1.12:1
2024 1,245 910 1.37:1 1,192 1,004 1.19:1
2025 1,345 1,000 1.35:1 1,303 1,110 1.17:1
2026 1,546 1,082 1.43:1 1,454 1,291 1.13:1
2027 1,747 1,164 1.50:1 1,611 1,406 1.15:1
2028 1,948 1,247 1.56:1 1,774 1,602 1.11:1
2029 2,140 1,329 1.62:1 1,942 1,728 1.12:1
2030 2,350 1,411 1.67:1 2,115 1,936 1.09:1
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