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Optimal generation Expansion Planning Computer Code, Report no, ORNL-4945, Oak Ridge National
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| 5% WASP 2280t 2 szt |

(& 51) Al=8o]d YKz

L= Z|CH=2(MW) Ol XI(GWh) Eo+2(%)

2017 85,600 550,302 73.3
2018 88,000 560,552 73.41
2019 90,900 580,331 72.81
2020 93,100 590,417 7234
2021 95,400 599,527 71.58
2022 97,300 607,007 71.06
2023 98,900 612,557 70.53
2024 100,200 617,447 70.16
2025 101,100 621,870 70.03
2026 102,200 621,258 09.19
2027 103,300 624,505 08.81
2028 104,400 627,830 08.48
2029 105,600 632,035 08.16
2030 106,900 638,549 08.02
2031 108,200 045,135 67.88
2032 109,300 650,536 67.75
2033 110,400 656,031 67.62
2034 111,500 661,572 07.51
2035 112,400 665,888 07.4

O FEIA7I= GE5.2) of et vieh o] 53 714 7], 771 71E = A
2 7] & 450MWeF 900MW F &30 2 1B

24 7] 500MW, 870MW, 1000MW F2.2 -5

17122 AR APR 14002 T FE3H= 1400MWH 0] & 7] 4% 1500MW

O HAT7= (3F5.2) ¢ Zo] 7 (3412 7122 gkt A7

IRIALTDL AT IO DAL | 29
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| 5%, WASP Y28zt ¥ sHZntA| |

(¥ 5.3) 7|& ALE|20Me] HEH MHMH[AE(MW)

A | YXE | SHEH | FHEH | MY | ING | X|gHE A4 | S22
2017 25320 37,500 | 1,126] 3,850 | 33,490 | 5,164| 4,700 | 111,159
2018 | 26,729| 37,500 726 | 3,795| 34390 | 5164| 4,700 | 113,004
2019 | 26,729 | 38,500 726|  3,795| 35290 | 5,164| 4,700 | 114,904
2020 26,729 | 39,500 726  3,795| 36,190 |  5,164| 4,700 | 116,804
2021 28,129 | 45,000 726 | 2,595| 36,190 | 5164| 4,700 | 122,504
2022 | 32,329| 45,000 726|  2,595| 36,190 | 5,164| 4,700 | 126,704
2023 | 35,129| 45,000 726| 2,595 | 34,390 | 5,164| 4,700 | 127,704
2024 | 35,129| 45,500 726 | 1,095| 34390 | 5164| 4,700 | 126,804
2025 35,129 | 45,500 726|  1,195| 34390 | 5,164| 4,700 | 126,804
2026 | 36,629 | 45,500 726|  1,195| 34390 | 5,164| 4,700 | 128,304
2027 | 38,129| 45,500 726 | 1,195| 34390 | 5164| 4,700 | 129,804
2028 | 39,629 | 45,500 726  1,195| 34390 | 5164| 4,700 | 131,304
2029 | 41,129 | 45,500 726 1,195| 34390 | 5,164| 4,700 | 132,804
2030 | 41,129 | 45,500 726 | 1,195| 34390 | 5164| 4,700 | 132,804
2031 41,129 | 45,500 726  1,195| 34390 | 5164| 4,700 | 132,804
2032 | 41,129| 45,500 726  1,195| 34390 | 5,164| 4,700 | 132,804
2033 | 41,129 | 45,500 726 | 1,095| 34390 | 5164| 4,700 | 132,804
2034 | 41,129 | 45,500 726|  1,195| 34390 | 5,164| 4,700 | 132,804
2035 | 41,129| 45,500 726 1,195| 34390 | 5164| 4,700 | 132,804
O Al | A Y& ek 7920 HH|-8-7F((E 5.4) Z=X)

AR AR & A Zi’éﬂ% JAZ 3otA =H LA} {AE

7o) ZAE%) o

184, LNG
20354 of] =

o|e} o] INGT O] 7|EA 2| &0 H]3to] F7fsl= 2

o] v Aduo]g

A28 o] ol 7] w2l

AR A A o] Au)7t 7 Fe = A A
S o17] ol =7kl | 2| fFELof| thu]ze] Hi ¢

B, =

E(18~20%) 2 213}o] A|AHELS}

FR L} AR

I EeX 2017%1 28,540MWO] 4] 20306l o] = 48 340MW 2,
49 240MW = 2/ of|AF
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BhR )] Z7b7140] R B AL AL AP Au|e
2

- A)eo|ut-goleknt e Fobl Hel Al 20357 oF 121, 3540w}
2 Aol wle) 4 u 2 A o5 20356 o] oF 188,083MW ] k4
WAL B3 F A

(B 5.4) MxidoUx|ES st 22| HE=E HH[AI=(MW)

ofaxl_ AIXHAH

o EX=1-13
%] o EZQTF AIKHAH | HHH | 292
O | aixiz| gotet o Mg | ING | N | oa (ST S EE | (g

k| ST (A) | B) | GT

2017 | 22,529| 32,500 1,126 3,850| 28,540| 7,664| 4,700[100,009|  437|  430| 101,346

2018 | 22,529| 32,500|  726| 3,795| 28,540 7,664| 4,700/100,454| 3,508 3,590| 104,052

2019 | 22,529| 32,500|  726| 3,795| 32,140 7,664| 4,700|104,054| 8396| 8,390| 112,450

2020 | 22,529| 32,500]  726| 3,795| 33,040 7,664 4,700|104,954| 15,542| 15,540| 120,496

2021 | 22,529| 32,500|  726| 2,595| 36,640 7,664 4,700|107,354| 22,600 22,590| 129,954

2022 | 23,929| 32,500 726| 2,595| 38,440 7,604 4,700|110,554| 29,235| 29,230| 139,789

2023 | 25329 32,500|  726| 2,595| 41,140 7,664 4,700|114,654| 36,149| 36,140| 150,803

2024 | 25,329 32,500| 726 1,195| 44,740 7,664 4,700|116,854| 41,102 41,100| 157,956

2025 | 25329 32,500]  726| 1,195| 46,540 7,664| 4,700|118,654| 46,169| 46,160| 164,323

2026 | 25,329| 32,500]  726| 1,195| 46,540 7,664| 4,700|118,654| 48,945 48,940| 167,599

2027 | 25,329| 32,500  726| 1,195| 48,340 7,664 4,700(120,454| 54,254| 54,250| 174,708

2028 | 25329 32,500]  726| 1,195| 48,340 7,664 4,700|120,454| 56,263| 56,260| 176,717

2029 | 25,329| 32,500|  726| 1,195| 48,340 7,664 4,700|120,454| 58,721| 58,720| 179,175

2030 | 25,329| 32,500]  726| 1,195| 48,340 7,664| 4,700|120,454| 60,737| 60,730| 181,191

2031 | 25329 32,500|  726| 1,195| 48,340 7,664| 4,700|120,454| 61,622| 61,620| 182,076

2032 | 25,329| 32,500|  726| 1,195| 49,240 7,664 4,700|121,354| 62,584| 62,580| 183,938
2033 | 25,329| 32,500|  726| 1,195| 49,240 7,664 4,700|121,354| 63,339| 63,830 185,193
2034 | 25,329| 32,500|  726| 1,195| 49,240 7,664 4,700|121,354| 64,947| 64,940| 186,301
2035 | 25,329| 32,500|  726| 1,195| 49,240 7,664 4,700|121,354| 66,729| 66,720| 188,083
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| 5%, WASP Y28zt ¥ sHZntA| |

- HAFENIUA FEH e A AR Y o] gEo] W] wiEel

o] Zlo] ZA| TdwFo A AA|sh= vlF2 (F5.5) He= UEd Jlos
A,

(F$]: GWh)
7| AlXHAolLA X 2™ 74

= a2y sogH anpy | SRS

S
2017 550,302 549,536 766 0.14%
2018 566,552 560,249 0,303 1.13%
2019 580,331 565,621 14,710 2.60%
2020 590,417 563,187 27,230 4.83%
2021 599,527 559,932 39,595 7.07%
2022 607,007 555,787 51,220 9.22%
2023 612,557 549,224 03,333 11.53%
2024 617,447 545,436 72,011 13.20%
2025 621,870 540,982 80,888 14.95%
2026 621,258 535,507 85,751 16.01%
2027 624,505 529,452 95,053 17.95%
2028 627,830 529,258 98,572 18.62%
2029 632,035 529,155 102,880 19.44%
2030 038,549 532,138 106,411 20.00%
2031 645,135 537,174 107,961 20.10%
2032 650,536 540,888 109,648 20.27%
2033 656,031 544,185 111,846 20.55%
2034 661,572 547,785 113,787 20.77%
2035 665,888 548,978 116,910 21.30%
A 11,769,349 10,304,474 1,404,875 11.94%
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2015 7HA 7|0 2 % 199 541 11,769,349 GWh /o] ' =k
°F 11.94%%] 1,404,875GWhE AAATH 2 I3t HUe 4+
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AR oF 28% o] F718 Ao, F

OO]—
718]u1§-0.2 AMH] L LGH|§ B o)

= - o O

o3
I
1©
z

6) AHALBAL, AFAUATE, B B8] SO AR} AL FHote] AP, FY 5 kg
WANSe] B AANE BelTEe] go] 2Ad Az
ol B4

34 | BlRufEl [adile



O ZU4FA WA= AR 2 Hekstele] AMn] 7has} oAbE
uklof] LNG H7]] 714 1l o o] -odu] &( = u])o] 7kt A
_ o= 20154 @rbEAol B, dws AAFA O R o] o 2-3u) s}
= 319)
_ olutele] o] B7] AL AAIIAC R FHAL EABHLE AR
ojm) = TAgk Sz
(E 56) ATJMOILIXIZS D5 20| HIBRH
(a15b9], 159 %7
JE ARl LR
s A SEUls | A | el aT
A (B=C+D+E) | WE7|C) | EXHIBD) | EXHIZE)
2017 47,388,416 | 36,637,914 | 35,374,320 1,005,594 258,000
2018 34207264 | 42,104,526 | 33,417,424 6,889,946 1,797,156
2019 31,603,232 | 45978151 | 33,474,760 9,915,848 2,587,543
2020 30,440,208 | 49,635,303 | 31,984,696 | 13,997,184 3,653,423
2021 33,281,068 | 49,490,466 | 32,972,720 | 13,103,220 3,414,527
2022 28538060 | 42,408002 | 27,683,792 | 11,676,815 3,048,295
2023 24624416 | 42,054,841 | 27515280 | 11,532,692 3,006,869
2024 21988320 | 34,867,798 | 24,990,464 7,831,522 2,045,812
2025 20737,600 | 34,001,660 | 24,429,936 7,593,470 1,978,254
2026 20,662,624 | 27,155,021 | 22,181,824 3,942,992 1,030,206
2027 19,363,744 | 29,644,713 | 20,630,528 7,149,003 1,865,182
2028 18,188,320 | 21,756,258 | 18,523,520 2,563,515 669,222
2029 17,082,784 | 21,637,650 | 17,886,624 2,974,678 776,349
2030 15,580,608 | 19,410,363 | 16,498,048 2,311,051 601,264
2031 14978176 | 17,055,640 | 15,841,696 961,592 252,352
2032 14,359,296 | 16,334,033 | 15,084,000 992,023 258,009
2033 13766336 | 16,112,654 | 14,569,088 1,225,130 318,436
2034 13,198656 | 15,442,662 | 14,149,152 1,025,481 268,029
2035 12,622,848 | 15472214 13,500,864 1,563,945 407,406
'@'74] 432,703,776 577,200,769 440,708,736 108,255,699 28,236,334

Z}H(B-A) = 144,496,993
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(38 6.2) 3 3 ELZLTSII0 IE 2SHH=KD], Z2|=L|o))

i) Surplus power in daytime

CAISO Load, WWird & Solar Profiles — High Load Case
nuary 2020
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(32 6.9) AXfAOILIX| StHoll RS 7 &A=
(Jaquelin Cochran(2014))

RELATIVE ECONOMICS OF INTEGRAION OPTIONS

T T
Involuntary Load Chemical Storage
Sh -
Transmission
T Coal Ramping

Residential Transmission Pumped Hydro
Demand Re e T Storage

Strategic

RE
Joint Market
. Operation
Expanded balancing ) )
Resinrimla: Thermal Storage
System Operation Increased

Ancillary

Service L Advanced Network
Industrial & Hydro Ramping Management

Sche‘:juling and Improved Energy Commer;‘{i:;Demand
Dispatch Market Design

Sub-hourly

Grid codes and evolving over time

RE forecasting
Option costs are system-dependent

1

SYSTEM MARKETS LOAD FLEXIBLE NETWORKS STORAGE
OPERATION GENERATION
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A AT 2 o
- 2030 AIAY dv]atiel ZEEEQ 4
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(X 6.2) 20164 CHd| 20294 X|CiRSH A LT2HZH: 7Xt HELFII=2A12])

e 22KMW) M| AH|ZHGWh)

- SEMAMH| | ZIcHESE | ARMOUX] | SAHIEF | AR X
2016 102,722 84,612 |  8,960(6.7%) 500,754 | 28,256(5.1%)
2029 133,097 111,929 | 32,890(20.1%) 656,883 | 83,000(11.7%)

2006102 7145

- 20299 A an|gS 7|22 A Y A] o] 8=
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A, TR 2065 AA Lo
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s 22 A AN A Y SRS AP AL EH rEZ 2] e U ZF Kol

*75GW ATHAHROIAN 80%E BN X SHo= FHT 42 00 siHck=
232 oF GOGW THE

- o) AlAY A A 9 9%, Y EA, 710 5 FRH o R
_II_E?]?S‘]‘O:] 20301{]‘ E‘_;L_:‘é’- %1‘/%6‘]-7] -?‘]6_]‘04 }ilXH/\g;ﬁ.%]_ '?'Aé"% 01%17’“ @.’

A7kl Hiet 2EE L AbEo] Ha

O = AIAA7NES 1ot A1 of el Al efo] Zopet

- 20164 of| A A 2] gkl A T3St 3

71E8 JAFL 7,451GW, T2 SAFFE0] 63.5GW, g ol
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10) 2011~2014% F2te] SAFHEH7] o]§82 7-29% FETA @ AFFHAAEI), AT
20-30% FE(AIF== 30~48%) A sl 7 s W SWE EFFARARIHEFTEILA)
1D = ARAY FHAAL AdE]e 28 A2017). SR ALY, pp. 39~41.
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23} ouR] 83~165 25~5 3t AE5E~TA]
NREL14) 32.0 97 ol A 8- 20MW)
. B stetolof| A 144 A A% PPA
HSEO15) 13.4~291 88 0]'9’101 % EH%_%]: EQE %l"‘?‘
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FAHEE 28WHL o NS 3T 2
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T CIISEE AX(HA AXI8E(FE) asmEks
¥ oF I 26m* /KW 40GW 1,040 km’
29 | s4EY 0.2km’/MW/(=5MW/km?) 10GW 2,000 km®
I = 0.1km’/MW(=10MW/km®) 10GW 1,000 km®
A 4,040 km?

12) NREL(2012). “U.S. Renewable Energy Technical Potentials : A GIS-Based Analysis’; EEA(2009),

“Europe’s Onshore and Offshore Wind Energy Potentials”

13) A& 9 22016). "= FHEA ] FHEN FFLEL} o] AARMY, SHAUAAE, A7d, A
23, pp. 45~51.

14) National Renewable Energy Laboratory

15) Hawaii State Energy Office
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| Numerical weather Weather observations Wind farm
‘I predictions (on and off-site) generation |
l |
Wind farm J Statistical
characteristics | model
Wind power
forecast
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Numerical weather Weather observations Solar power
predictions (ground and satellite) generation
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Solar power
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(2 613) AMXJAMXID} SHA xpeimte| = (Akira YABE(2016))

Optimum Integration of Flexibility Resources @EDO

2.0ptimum Deployment and Operation of RE

TSL Enargy system & Hydrogen Unit 1 |

3.Distributed Energy Management and Demand Activation

H W B

Energy storage

Phys:ca.-" Law
' Rule and Market

| —— e =

E Baancmg el

o T & |
B e & %

Electricity and Information network

4, Transmission and 5-5‘3J ELicated

distribution grid System Operation 1. Traditional Generation
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Wind power production F{E.‘X'IDI\E demand Total grid disturbance
'p\. [
I3 I\ e [=
= A \ | =
B N { ]\ f | — = -
AT R \ - ——
£§AN/ |V +: =
T V
¥
Time Time
Smart demand-side Infrastructure
Wind farm
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(OECD/IEA(2014))
i: L e Winter peak
15 F ! Winter-peak-load w Summer peak
_ TP Py - 3= R — A e T s Power flow
é ] .:'.'.
§ ¢ z . | i
:: I g s o e
SIS £
-15
I Jan. 2009 | Jan. 2010 | Jan. 2011 | Jan. 2012 | Jan. 2013

Note : MVA = megavolt ampere. Dase

Source: Bayemwerk AG and Fraunhofer IWES.
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"F/kWh) (HROABHAABORBIAR MEE] (F/kwh) (HHROBHREBOFREIR HEE)

40.0 20.0

35.0 W 700 A

30.0 ] 60.0

25.0 50.0

20.0 40.0

15.0 30.0

10.0 20.0 -

5.0 10.0 =

0.0 - c‘clc HHHHHHHHHH [P L0 e o s s S S U N S N s s e s s s e e e s e e e e |
EEEEEEEEEEEE5E588E2888E8 PP ddesfSSFfFFSSPe
333888 =1 gTXTETITETTZEE

HE8 : Bloomberg new energy finance
BEL— b BARITEENESBEIRERURENESEIES
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(3 6.17) F3o| EAYY U ZAYUT| NHIS Al

Recent announced long-term contract prices for new renewable power to be commissioned over 2016-2019

Utility-scale solar PV Morocco Germany

USD 30-35/MWh USD 67-100/MWh

Turkey
USD 73/MWh

United States Canada
USD 47/MWh USD 62-66/MWh

Brazil ' \
USD 49/MWh Australia
USD 69/MWh
Chile Uruguay South Africa South Africa
usD 30/MWh USD 90/MWh USD 51/MWh USD 65/MWh USD 41-50/MWh

This map is without prejudice 1o the stalus or Sovereignty over any temtory, 1o the delimitation of infemational frontiers and boundaries and to the name of any temiiory, cty or area
Note: Vaiues reported in nominal | USD includes preferred bicders, PPAs or FTs. US values are calkculsted exciuding tax credits. Delivery date and costs may be different than those reported at the time of the auction

Best results occur where price competition, long-term contracts and good resource
availability are combined

* =X|: Renewable Energy Division, International Energy Agency (2016)
O AlAAY AYo] &5 424 o] X &H(Hydrogen) 7)<
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- EMS % SCADA ZHAI o] 9] 2 2 4
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- AUAF 28A2 +Yue) N5t
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(MU X[ES nfet ZRe| U E HEAH|A=)

(9] GWh)
7| AXHolLA X 2™ 74
= i sogH sy | SRS
ES
2017 550,302 549,536 766 0.14%
2018 566,552 560,249 0,303 1.13%
2019 580,331 565,621 14,710 2.60%
2020 590,417 563,187 27,230 4.83%
2025 621,870 540,982 80,888 14.95%
2030 638,549 532,138 106,411 20.00%
2035 665,888 548,978 116,910 21.30%
A (17~'35) 11,769,349 10,364,474 1,404,875 11.94%

O oli= Blapuut Feur o] Zelo) FE S Beksly] 8 ATt Ao ox
AR A7) S 0] Wsto] mhe e Al a8 Hebd A ujEo] wAIsHs
QERE

18) & A7IAl= WASP B o] &5 ul-gRiste] ol =3tetr] 1 Ad 7hsdol tiek HE= oA
o}

19) oAt FAARIE R tisiA= AldtE Aot 7k 7] B A HEelA e Alefskie
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(203041 MAHAEZ 20% TAIS TS HISEE)

/1= ATy
. ALz
A A =247ts A XK BHed GT

(B=C+D+E) | UZ7|(C) | =XH|E(D) | FXHIE(E)
2017 47,388,416 | 36,637,914 | 35,374,320 1,003,594 258,000
2018 34,297,264 | 42,104,526 | 33,417,424 6,889,946 1,797,156
2019 31,603,232 | 45,978,151 | 33,474,760 9,915,848 2,587,543
2020 30,440,208 | 49,635,303 | 31,984,696 | 13,997,184 3,653,423
2025 20,737,600 | 34,001,660 | 24,429,936 7,593,470 1,978,254
2030 15,580,608 | 19,410,363 | 16,498,048 2,311,051 601,264
2035 12,622,848 | 15,472,214 | 13,500,864 1,563,945 407,406
SHAI(17~'35) | 432,703,776 | 577,200,769 | 440,708,736 | 108,255,699 | 28,236,334

Z}H(B-A) = 144,496,993
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CAES Compressed air
g EDLC Dbl-layer capacitors
Flywheels
0.01 Lead-acld
Lidon  Lithium-ion
Na-5  Sodium-sulfur
Ni-Cd  Nickel-cadmium
0.001 Ni-MH  Nickel-metal hydride
St T "
- VR Vanadium redox
QElectricity Storage Association Zn-Br Zinc-bromine
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B2 2 9F J EfUH Wi

LI MA ollX] ~=50i2dat Oj2HFY

= Ao U R 7] F-(IEA, International Energy Agency) X.IlA], World Energy
Outlook 2014°f &JstH 20129] A AMA 2F YA AB[gF2 133.6%t0e
(Tonne of Oil Equivalent) A &=2k1l FAEIL Qich A4l QGHE oigF 709 |
olgtil stH, 109 | 7t oF 19t0es AHEEH Ao & AAHET

(& 821) MA 1xt ol X| =22
(&9} Mtoe / %)

1990 2012
Coal 2,231 25.40 3,879 29.03
Oil 3,232 36.80 4,194 31.39
Gas 1,668 19.00 2,844 21.29
Nuclear 526 5.98 642 481
Hydro 184 2.10 316 237
Bioenergy* 905 10.31 1,344 10.05
Other Renewables 36 0.41 142 1.06
Total 8,782 100.00 13,361 100.00

* Includes traditional and modern uses of biomass
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A ARgEFol oF 19 (20139 7] 91339t wljE)el 7], 12,000¥, &, £}
40 0] tElo] AE AZE k= Aolth, o]ggh 4R o|A o FANLE Ak
Skl Qe =e £ ol /A=) E ofZe7t =59 Y AAHE-
S/HEEE FAIRE f]o|nt, whef dAo=e A7] Fg59 d9s WA X
U oF 159]0f o] 5 A7|5 AMESH| AlZSHA oy A] 4Bl BE Soly
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O FIXSYSOA] WHEo]7l 7]& dzlAdn] £ B(MW)el 3131, VARSYSY|
A o)E] T 1 HEH 7] 2 4] 1000MW YA (N), S00MW A EFsL (C), 100MW

7FEHI(P)o] lThal ¢

)

O (3 8.3.1) ol &= BIMW) L} (B+ 2000)MW Alo] 2] 74 7 9] 7|58 S HBEA 7]
z3ho] Ao &

O woF o e oulg B o @ FREMAL meEtd bsd

100 | BH=20iely &2t



| O WASPEHC| MH |

(# 83.1) =EUHMI|EZEC| o
2% i
(MVWD) % d A FadA=d
B B
B+ 100 |B+P
B+ 200 |B+2P
B+ 360 |B+3P
B+ 400 |B+4P
B+ 500 [B+5P B+C
B+ 600 |B+6P B+C+P
B+ 70 |B+7P B+C+2P
B+ 800 |B+&P B+C+3P
B+ 930 |B+9P B+C+H4P
B+ 1000 |B+10P B+C+LP B+AC BN
B+ 1100 |B+11FP B+C+6P B+2C+P B+N-+P
B+ 1200 |B+12F B+C+TP B+2C+ZPF B+N+2ZP
B+ 1300 |B+13F B+C+EP B+2C+3F RB+N+3P
B+ 1400 |B+14P B+C+5P B+2C+4F} B+N+4AP
B+ 1500 |B+15P B+C+10P B+2C+5F B+N+AF B+3C B+C+N
B+ 1600 |B+16P B+C+11P B+2C+{P B+N+6F B+3V+F B+LC+N-+F
B+ 1700 |[B+1TPF B+C+12P B+IC+TPF B+N+7P B+3V+2P B+C+N+ZP
B+ 1800 |B+1RF B+C+13F B+2C+8P ERB+N+8F B+3V+3F B+C+N+2F
B+ 1900 [B+19P B+C+14P B+2C+JP B+N+9P B+3V+4{P B+C+N+{P
B+ 2000 |B+20P B+{C+15P B+2C+10P B+N+1GP B+3V+5P B+C+N+bP B+4C B+2C+N
B+2N
O TeF (3£ 8.3.1) of| A 7153 A -85 H 9] E B+5003 B+15002 2 % 5}H
7He et SR 7|29 Ag= 7404 362.E Eolm

CONGEN9| Al8A}= ofju|&o] 71 e 717ke] o|u]& AFsto|| A|3HS
Zojof g

(b

IRIALADL AR 0| BATEE | 101



102 |

O oA oW U] 7Hset AUALY S 9I% TRy 23S ARsHeT

o] AFxZofA Hojuh= STHEH 7| 2352 CONGEN Z 213 0) A
A eld

A3} L2 THW(DYNPRO) Q] A7}H= CONGEN?] ] &g %4 5}o] t}2-9]
=Rk i g Fe i

o] AZ fI5te] tunnel®] A 7)== 28 k= A o] Held

E3H AR R RS W 7] 4T o] ot AekEkE 2tff o] s, A 1)
o|t= ojH Wk o] SR 7| o] 22 =5 F-A|oF= Al o] HiEA] st} aL
kst olof digh AFRAS & & e, o] FH$of| CONGEN
Z 2o = o] F9IE Hlojue TR 7| 2 -2 A

dr 3, 53 HE 7 Al S} oAujES 245t 7Heet
A (state) Q] = TS (3 8.3.2) I o] 16 /2 Sol5

AR B S EEPH 7] E AT o 24 deE AA T 4 U

THOF ARE A7} ot A=) SHUA 7| 7F 24612 b R 7| 29k
A LA == Q5

O] A2 (3E 8.3.2) of| A e S EFBHA] 925 79 S RUPA 7| 2
A LAZ] 74f-olH, o|nfjof 7}agt SHEPH 7| 292 11712 |

[ oFslH, CONGEN Z 2 1512 2|23} 22 1ol A X4 H 25 Zhol|=
o Ba3t SHUH7|2GEol toto] AFEALR st Aok 7He 4=



(2 832) =

O ofgt A|oFE 7It o M Ao Wol 48
]

| 9Zf WASPZSO| AMH |

= E]
g 7lE Solal AR A Z ol oA Bhg oA &2 LHOIEE

Al ef et

SR A Ale] SHLHy|EE

+FHMW) TRgAs =g
B+500 B+C
B-+600 B+C+F
B+700 B+C+2P
B+800 B+C+3P
B+900 B+C+4P
B+1000 B+2C B+N
B+1100 B+2C+P B+N+P
BE+1200 B+2C+2F B+N+2P
B+1300 B+2C+3P B+N+3P
B+1400 B+2C+4F B+N+{F
B+150 B+C+N

(H 8.3.3) CONGEN i=XI=2| oA

PPN = M ™
2 index-2 : 2|4 X4~ 2|4
32003018 SHAH7|o) W ¥ a4 EAY (VARSYS SEEZ7|9
o6 A9 )
3 Qg A-3 & Tunnel
00022220 de ¥ 27 940 HY(width)E Ueh b= 4= (VARSYS SR

wave) Qe 4419 2

1 End of Year 2017

=
Qe o dwel ARst B o

BRI} A-XHY Lo SATEEE | 103



1;

2ol

UHE AT MERSIMO A Al=do]dsfof & &
HAPA 7| 2389 4= 8171 (=3x3x3x3) A

#

Tunnel:> EAA9] 1gHA]of] F7t=2 Bsto] SR 7|9 24| HpE
2T MG &, A dgollA At 2AAF7EA] 9] £& AHd= 84
webs] SEEH7| 23S EQARE 7|20 8 sto] AZHA] tunnel 9
9] WollA A=

v WA SEIH7| R Ay HA SEIH7|7H] unnel 20|22, 3

7HA] AE (E A, 1 O | EAsks AJHE, 2 O | EAske AdED 7

EASFEE 34 o] FRA) 230l A Y

N

HazA et YA Ee] WHAS ZAsHE W40] SHEHH S Wt

-], WASPZF HEshe SR 7| 29| A7) AljtE ] 9= He

Zrorst ujj, tunnel2 YH A AT 4 ga(EE, 25 ARG, ESH

LA olate] el FRbdr)aTh AHLIlA AelEne
S

2] A
A= WASP7} gk ¥of| ZFolfj= sl = =54 2|43}l (local optimum) ¢

4. 28H| 2 M|z yips m22H(MERSIM)

104 |

1 A2 = B 715 % (MERSIM: Merge and Simulate Module) 2] Q.
5+ CONGENOJ A| RhZoj] | ¥ S 7] 23] tfsfo] 2-8-H]

9 FFAHEE AL Z2IHY

S-gu)o] Aol 2
Aot Z2L asl7] YA dguASo] e8] L A=l B}

A, o] ZF 28 HARE 7|k = '] SR nlgdel
=] N
SF Al A B E ook oF



5. ZX

o O

| OF. WASPZHO| M |

)

7] S B A 22 WG At S AR AL S A B2 A

e
=]

4 e
o

712] 3 MERSIMO|| A= 0] 4 2] WASP = & 12 (LOADSY, FIXSYS, VARSYS,
CONGEN) 9| A 28 THUES ¢lo] &4 AlEY 0] 317] 3t A =&

ZHg

X3t 2 3(DYNPRO)

228} 22190 BAL 22 AN SA TS Hohls Aol

DYNPRO Z2 1 0] &85 HES o3 CONGEN®| & A= 5 443t
Cheroll A= A % ‘ﬂgaﬂﬂ %3-S Z3Feto] A A8 Q-G H|AARS S1aL

DYNPROZ T}A] Ala)a}

_&
_m
S
H
il
e
o

MERSIMo|| 4] =% LOLP:= DYNPRO Z 21304 HAA=2E 2ozt
o A2 AR WE31A] ot state S A QA 7]+= T of] o] &
DYNPRO Z21#S A3std AARE AEsle] e
9]k CONGEN®] 4274 Hhake oFef

by
2
fjr

DYNPRO®| AifolA sietgte e Ee ol 2Asiete HAAE
=4

o] wA|R|Y| ulg} &A= CONGENQ| i ZAg+E £33

HATAZE B o] A S A] 5 Wi7kA] Hkssto] =7 ‘63“5‘P040F o

PR M- 2O ST | 105



O u}ebA] WASPE S&4 0.7 $8317] SaAE Fmukay| 2ol At
of i o ofol 4 A|2HE| 2 8 AQ1X| S WASP £-8740] 734 ghito| ufet
Auleu| o] {912 285 2Astolof 323

O LOADSY, FIXSYS, VARSYS+= CONGEN, MERSIM, DYNPROE Al3§5}7]
9]k oful A il ehal & 4 9Lom DYNPRO A3 9] 282
2515 o oA AW A7 FR AAHE T

ru[o ﬂl
o
i
EL
it

23) EGEAS 1¥-2 AAZHY E= Generalized Benders Decompositions ©]-&3dto] Z27|)E -3+ T},
FAAYHE AR WASP 2E-2 CONGENS o]-§ato] AgAE A ¥ SHEIH7|2E-S 2
sto] &2 AJETo]dS st FHA LR ot HHAYE 3H2 thgo 2YES HES]
T}A] CONGEN g9l Yertag 7gsto] AdYsies g

106 | SH=20iely &5



AEA(2017). AT} AGp,

$43(2017), e FHUAS AA $FAF 2017 WIW Report.
oY 2|5 c(2016). 2016 Al - Ao 2] WA,

SHAAA A G ATLL(2017). KEMRI A& AA| REVIEW, 201749 A|18%.,

o HAZA A+ (2016-17). 245 offdA] o=l HuA 9 54 A-dE 243,
A A (2017). =l A HANE AluE e A

o
<
.
off

ADEME(2016). Climat, Air et Energie,

Bebic, J.(2008). “Power System Planning: Emerging Practices Suitable for Evaluating
the Impact of High-Penetration Photovoltaics,” NREL/SR-581- 42297

British Petroleum(2016). Statistical Review of World Energy.

Cochran, Jaquelin et al.(2014). “Flexibility in 21st Century Power Systems’,
NREL/TP-6A20-61721,

EPRI(2017). “Operational Simulation Tools and Long Term Strategic Planning
for High Penetrations of PV in the Southeastern United States’, Final
Report.

EWEA(2013). TWENTIES project Final report,

IMF(2017). Working Paper on “Riding Energy transition”.

Jones, Lawrence E.(2017), “‘Renewable Energy Integration Practical Management

of Variability, Uncertainty, and Flexibility in Power Grids”, Second

Edition, Academic Press.

IR} AR LHIO| TR | 107

(b



OECD/IEA(2014). “The Power of transformation, Wind, Sun and the Economics

of Flexible Power Systems”,
OECD/IEA(2016). World Energy Outlook.
OECD/IEA(2017). World Energy Access Report.
OECD/IEA(2017). World Renewable Energy.
OECD/IFA(2017). “B N5 1) X7 1) > 7 (BZARGEM).

Paul Denholm, Matthew O’Connell, Gregory Brinkman, and Jennie Jorgenson
(2015), “Over Generation from Solar Energy in California: A Field Guide
to the Duck Chart”, NREL/TP-6A20-65023.

Smith, J. Charles(2016). “Renewable Resource Integration”, CEE Symposium with
NEDO, October 19, 2016 Tokyo, Japan.,

US. Energy Information Administration(2016). International Energy Outlook.
World Energy Council(2016). World Energy Industry.

Yabe, Akira et al.(2016). “Grid Integration Strategy for Variable Renewable
Energy Highly Penetrated Energy System - Japanese Case”, 25th CEE
Symposium with NEDO, October 19th, 2016,

EIANX—  FALX—BEER9F). FEAREL AL X —DORKEEAR
fRIZ BT S BERFRENZ DT

108 | SH=2uiely &5t



AR | 2RE AN E e 2 AUARES Wrksa gdauth

F2IAT1H T A(KAST Research Report)
FUSIEIERS| 7|2F(KAST Roundtable Discussion)

212l0| 2A2|(Voice of the KAST)

ol ron

|
ra

ol

FIHTE M

[

IRRLHT} AT ZAEL

A Study on the Win—Win Strategy Scheme for the
Energy Transition In Korea

— With a Special Attention on Nuclear Power and NRSE
(New and Renewable Source of Energy) —

gt s ol 20174 12& 8¢
ECRS! sttty |&etEl
a3 ol olgd
M3t 031) 726—7900
IHA 031) 726—7909
Zm|0|X| http://www.kast.or.kr
E—mail kast@kast.or.kr
#5 (F2)RHAIA
ol 2y (F2)RHAIAL

ISBN 979-11-86795-21-7
ISBN 978-89-88706—06—0 (MIE)

St Lillsk= AE SELCH

10
lo
o
lo
g0
=)
=
ol
lo
e
ir
i
ro
olo







[13630] &7|= HEAl 257 =02 42 (F0lS
Tel: (031)726-7900 Fax: (031)726-7909

KAST ==:>2-2020 94080
The Korean Academy of Science and Technology
E -mail: kast@kast.or.kr

9 791186 795217

Website: www.kast.or.kr

ISBN 979-11-86795-21-7
SH7IZCR X/E|D USLICE ISBN 978-89-88706-06-0(MIE)






