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[O2! 1] IESO2] Market Renewal T2HE HZQ|

Work Stream  Primary Objective Initiatives
Energy Reduce cost and gain efficiency scheduling +  Single Schedule System
energy to meet provincial demand * Day-Ahead Market
*  Enhanced Real-Time Unit Commitment
Capacity Reduce cost of procuring resources tomeet ¢+ Capacity Trade
long-term demand *+  Incremental Capacity Auction
Operability Increase flexibility to reliably and cost- *  More Frequent Intertie Scheduling

effectively integrate renewable resources

23] 1 IESO, “Market Renewal Backgrounder”

Investigate other opportunities
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2= : IEA(2017), “Getting Wind and Sun onto the Grid: A Manual for Policy Makers”
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a B 99" Percentile 1% Percentile
L2 2/ 2/h/ZEHAL) LT3 /3|h/ZETAL)
0.3 0.2 0.10 (0.07/0.16/0.02) -0.08 (-0.13/-0.05/0.02)
04 0.12 (0.09/0.15/0.02) -0.10 (-0.14/-0.07/0.02)
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05 0.2 0.13 (0.09/0.19/0.03) -0.11 (-0.20/-0.08/0.03)
04 0.18 (0.13/0.22/0.02) -0.16 (-0.23/-0.10/0.03)
0.6 0.26 (0.20/0.30/0.03) -0.23 (-0.32/-0.15/0.04)

%3] : Huber et al.(2014)

Shaker et al.(2016)-> 7Ag]¥uo} x]H9] thqfm T3 2 HoFd HF0
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Andrychowicz et al.(2017)= ENTSO-e(European Network of Transmission
System Operators for Electricity)®] SOAF 2015(Scenario Outlook and
Adequacy Forecast 2015)e]] 7|8-8- = vl o 2 20251 Alzj Ao 1
T tin] b v)sS AV L E RSk el w2 2030 =
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(& 3) RES ramping 241Zn} (7|FEAILIEL 7|=E)

Year Maximum downward ramp | Maximum upward ramp Anual Ramping Range
2016 -0.1206 0.0686 0.1892
2020 -0.1851 0.1050 0.2901
2025 -0.2529 0.1440 0.3969

%3 : Andrychowicz et al.(2017)

Cui and Zhang(2018)-2> efjof4 WA dn] =]l we} AlF5dzp) 2a=
sl Z7hibeRs 2A8l7] 913 EE4] multi-timescale scheduling model$-
A A BlaL, o] 2 o] g3le] A Aekuked 7| %A A(DU, day-ahead security-
constrained unit commitment) €] AAZF Alekiked 7] 54 A (RU, real-time
security—-constrained unit commitment), AA17F ZAAHFH(RE, real-time security-
constrained economic dispatch), AFsRFAA|eJ(AGC, automatic generation
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[O3! 5] AIZHCHYE EfF2r SZEH(nPVRamp:) box—plot (2015~2018d)
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gy . ; RMSE
A= t stat. A=+ t stat.

14 0.000194 0.156 0.105830 58117 0.055504
24 0.000284 0.216 0.128455 66.854"" 0.055906
39 0.000309 0.276 0.139687 85.481"" 0.049809
49 0.000428 0.403 0.125851 81.305™" 0.046412
54 0.000512 0.545 0.127664 92.996" 0.041843
64 0.000708 0.870 0.111444 93.740"" 0.035649
74 0.000991 1.282 0.100494 88.899"" 0.034431
8Y 0.001085 1.403 0.111650 98.625™" 0.034404
94 0.001011 1.060 0.110828 79.340"" 0.041742
104 0.001278 1.125 0.111217 66.801"" 0.050573
114 0.001156 0.951 0.092636 52.180™" 0.053232
1294 0.001028 0.842 0.091616 51.354™" 0.054377

(F-2)==) = @ p-value < 0.05, = : p-value < 0.01, #=x : p-value = 0

FAAI <3 5> o] Al ae BT EAHoR oA ok A
272 yepgkon gl A9e BF FAMLE FoF Aow eyt
A e Apeal RMSE(Root Mean Square Error)= €=z 29¢] 714
33 8Ye] 7P AR Ao® vyt 5 F dekdEy Wl HAF
< risle BE %t’éi vl ®, 7P BrF AR 129> 1A17E ) ek
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X ZMAT @ HM19F H2=

(E 6) +HE HYZEH ST 2y A+ 2HAD

o Z9% 9] 10%
AT t stat. Al t stat.
14 0.10637040 5895 0.2167857 6951
24 0.12891253 67.71" 0.2275032 73.00™"
34 0.14031354 87.35" 0.2241153 89.90"
44 0.12705654 8497 0.2078638 96.90"
54 012876797 9759™" 0.2057230 111.88"
64 0.11209730 96.94™ 0.1778540 93.13™
7 0.10112561 9177 0.1672937 80.78™
8 0.11223565 101.80" 0.1749128 81.96™
94 0.11178953 82.30"" 0.1863743 7379
104 0.11359695 71747 0.2027913 91.36™"
114 0.09612362 57.36™ 0.2001756 59.82™
124 0.09494108 56.05"" 0.2020024 66.13""

(§-9143F) * : p-value < 0.05, #* : p-value < 0.01, *#x : p-value = 0

<HE 6>9 AT wEn g S dEstE A 10%2] A5 A
feko] 167~228% 30 ¥ Wiyl wAsks Ao s JeRdrhD o714
ofn] gle APde] thga} o] F ZRA R velyic

AR F05 715 FHATE 1299 Hsgtert 7B 2tan 399 wsht
27F 7B Z2A Jepdd bksle], AR 10% 7] FAATE 23]8 7Y
7P atert 2t 2499 gt 7Pk 2 AR el ole vt Az
gk 392] 7§ A% w2 o] P wel Aubd oz EjofgAdn] o o] §-Eo]
o, 1292 R Fo] oA 53l o] ol Auo]4-Fo] Y2 7o

2

71818kt 0131& AR 04—24%1 7‘}”}7175& 793«1 HoF3Es  wisteke]

7 74E7I7P(2015 2018W) F A&V €HEE e H(HEH < 249 H[F
Mg e 7909.7%)% nEste] dAAsAT. (714 S RENTEE)
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oj¢} o] BFS Fate HYFEY TS FAY AF 7S AT
A T2 AREHE WA B ARl dEE o] gdte WART E4A A9
T 399 FAXNE AR = JdE FHol Ak 7€ HytdE Ao
F4 ASE vaE fJste] < 7> Zo] 2016W7H 20189 BYE =HS
o s 4 FE2 U RMSES 7+ vwakqieh
(2 7) EfUZE Y 23 Stz H|w (RMSE)
ol WESTN H|oHatAl
= (RBESS 7IF) (B 7|F)
1% 0.02991145 0.04493843
24 0.03357973 0.04525827
39 0.03469458 0.04000870
49 0.03660784 0.03665096
59 0.03249786 0.03290914
62 0.02726404 0.02844967
74 0.02572601 0.02765897
89 0.02500543 0.02764754
99 0.02997119 0.03332059
104 0.03342636 0.03955832
119 0.03284758 0.04131559
124 0.02965727 0.04238729
3L A3} 493 598 AR WAt 7]EA Tl AEErt S Aol
WA = AR depto o] 77k HloldrE 234 AL Ao|r}
S7Fete] 1293 1ol 7} H= A& & 7 gtk o= AljkE =34
AE dEAIHE A7t 6419 21X 2 A8 visle], AAlRs R U
A|7ke] o)z} wepA zto|7} WhAshE A o® FA ) webA o] F djAs)
7] SlsiA Az g Az At 2 24 vt glek
Cooper(1969)+= @&HH de7HA9 AlZts Hke] +4d<s 7Iikez Al

18 —
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Bttt eiEAM DD of2f SRsioEo e SZY X 22 FY AF
=392, Honsberg and Bowden(2016)-2 ©]& o] &-3le] wjd wjde] x|
W dEH JEATESE FAT 5 ode FAE AAEI

AZ A7t = 12— —=rcos ~H—tan (3 %) tand) — ~o (8)
15 60
AdEAZF=12+ Locos “H—tan (=) tand) — e
15 60
o] 71X TC = 4x (BE — 15° X AAN I yyp) — Eo T
FEol'= 9.87sin2B —7.53sinB —1.5sinB
A@re AP AT $Ade mE QA QEAL AL
2 2 A7 e v 159 e R AR dEAIE FAE] B
ol Agslodch AFgE vlal A= <E 8>3 Zrh
(% 8) ENYHE™H UL oA XEtx: dHlw (RMSE)
= H|orerAl
2y 7| Z=HAl
(REZ2=F 718 EHol ol=/ol=ZA|ZE e olE/ol=A |7k
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The Modeling of the Variability of PV and

CESIV e Estimation of Ramping Requirements by the

Future Net Load Patterns

Wan-soo Kim" -+ Ha-Hyun Jo™

Korea Power Exchange has responsibility for real-time electricity
system balance. Recently the phenomenon of expanding renewable
generators especially PV is a big challenge for the system operator. To
build properly future resource planning, building the future net load
scenario is one of the most important issue. In this study we
attempted to model solar power output fluctuation and forecast the
future up and down ramping requirements expected to occur due to
net load. To build the PV fluctuation model, we used the trigonometric
function term and to estimate the future load, we used the recent load
pattemn and future target peak load in the long-term resource plan.
The estimation result shows the up and down ramping events could
last about 7 hours during a day and the maximum up and down
ramping requirements for 7 hours will be 21.2GWh and 24.8GWh
respectively on the summer peak day. The maximum up and down
ramping requirements for 7 hours are forecasted about 26.1GWh and
13.4GWh respectively on the winter peak day.

Key Words : Photovoltaic generation, Rampng resources, Net load
pattermn
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