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Strategies of Reducing the Instability Impact of Renewable Energy Power Generation
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Abstract

Solar energy and wind energy are vulnerable to seasonal and climatic effects, resulting in
unstable power supply characteristics. Therefore, how to stabilize the power supply system is
currently an important energy policy concern. The content of this study includes: (1)
describing the renewable portfolio standard and the current development status of foreign
countries and Taiwan; (2) exploring strategies to mitigate the impact of intermittency from
renewable energy of the US; (3) exploring the methods for evaluating reasonable percentage of
renewable energy of advanced countries; (4) suggesting development strategies to mitigate the
impact of intermittent power output of renewable energy for Taiwan.

In this study, four implementation strategies and three policies have been presented to
reduce the instability impact of renewable energy by exploring the relevant cases in the US.
Aside from other relevant incentive market regulations, policy recommendations include
gradually shifting power dispatching regulations away from "power generation follows demand

load" to accommodate "demand load follows power generation" strategy.
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b 4L CUMULATIVE # COUNTRIES/STATES/PROVINCES ADDED THAT YEAR

1983
1994
1996
1997
1998
19989
2000
2001
2002
2003
2004

2005
2006
2007
2008
2009
2010
20m
2012
2013
2014
2015

38
39
45
52
53
56
58
59
59
59
61

lowa (USA)

Minnesota (USA)

Arizona (USA)

Maine, Massachusetts, Mevada (USA)

Connecticut, Pennsylvania, Wisconsin (USA)

Iltaly; New Jersey, Texas (USA)

New Mexico (USA)

Australia; Flanders (Belgium)

United Kingdom; Wallonia (Belgium); California (USA)
Japan; Sweden; Maharashtra (India)

Poland; Nova Scotia, Ontario and Prince Edward Island (Canada); Andhra Pradesh, Karnataka,
Madhya Pradesh, Orissa (India); Colorado, Hawaii, Maryland, New York, Rhode Island (USA)

Guijarat (India); Delaware, District of Columbia, Montana (USA)
Washington State (USA)

China; lllinois, New Hampshire, North Carolina, Northern Mariana Islands, Oregon (USA)
Chile; India; Philippines; Romania; Michigan, Missouri, Ohio2 (USA)
Kansas (USA)

Republic of Korea; British Columbia (Canada); Puerto Rico (USA)
Albania; Israel

Norway

None identified

None identified

Vermont, Virgin Islands (USA)
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*3 FEHALRFEFEEER
Renewable generation (Billion kWh, TWh)227
Year Hydro Geothermal Waste Wood CSP  Utility PV Rooftop PV Onshore Wind Offshore Wind Re:’i\::ble _:;:;I % Renewable
2002 264.33 1449 15.04  38.66 0.555 10.34 0 343.44 | 3858.45 8.90%
2003  275.81 1424 15.81| 37.53 0.534 11.19 0 355.29 | 3883.18 9.15%
2004 268.42 1481 1542 38.12 0.575 14.14 0 351.48 | 3970.56 8.85%
2005 270.32 1469 1542 38.86 0.550 17.81 0 357.65 | 4055.42 8.82%
2006 289.25 14.57 | 16.10| 38.76 0.508 26.59 0 385.77 | 4064.70 9.49%
2007 | 247.51 1464 16.52| 39.01 0.612 34.45 0 352.75 | 4156.74 8.49%
2008 254.83 14.84 | 17.73| 37.30 0.864 55.36 0 417.72 | 4119.39 10.14%
2009 273.44 15.01 18.16 36.05 0.74 0.16 1.93 74.12 0 419.59 | 3950.31 10.62%
2010 257.08 1567  18.59 37.61 0.82 0.46 3.21 94.95 0 428.38 | 4125.06 10.38%
2011 325.07 16.70 | 19.79 | 36.95 1.82 5.64 119.75 0 520.07 | 4105.73 12.67%
2012 276.24 1556 19.82| 37.8 4.33 8.45 140.82 0 513.4 | 4047.76 12.22%
2013 269.14 16.52 | 19.96 | 39.94 9.25 167.66 0 522.46 | 4058.21 12.87%
ERIRIE © Wikipedia
F4 EEIFLRNEERER
Installed Electric gross generation in gigawatt-hours [GWh] by renewable sources since 1990 Shalre of gross
R electricity
vear ca[;pawc:]ty Hydro find Biomass!®®! ﬁ:z&i:;::;ﬁ Photovoltaics | Geothermal enT;}rt:tlion consumption
onshore | offshore g [%]
1990 4718 17.426 71 - 222 1.213 1 - 18,933 34
1991 4,826 14,891 100 - 260 1.211 1 - 16,463 3.1
1992 4,918 17,397 275 - 296 1.262 4 - 19,234 36
1993 5.190 17,878 600 - 432 1.203 3 - 20,116 3.8
1994 5548 19,930 909 - 569 1.306 7 - 22721 43
1995 6,223 21,780 1,600 - 662 1.348 7 - 25,297 4.7
1996 6,694 21,957 2,032 - 755 1.343 12 - 26,099 4.8
1997 7,255 17,357 2,966 - 876 1.397 18 - 22,614 4.1
1998 8.301 17.216 4,489 - 1,638 1.618 35 - 24,996 4.5
1999 10,155 19,647 5,628 - 1,845 1.740 30 - 28,790 5.2
2000 12,330 21,732 9,513 - 2,887 1.844 B0 - 36,036 6.2
2001 15,157 22,733 | 10,509 - 3,355 1.859 76 - 38,532 6.6
2002 18,824 23124 | 15,786 - 4,099 1.949 162 - 45120 77
2003 22,099 17,722 | 18,713 - 6,603 2,238 313 - 45,589 76
2004 25,340 20,095| 25509 - 8218 2,253 LY} 02 56,632 93
2005 29,040 19,638 | 27,229 - 11,102 3252 1.282 02 62,503 10.2
2006 32,849 20,008 | 30.710 - 14,793 3,907 2220 0.4 71,638 11.6
2007 36,046 21170 | 39.713 - 19,832 453 3.075 0.4 88,321 14.2
2008 /N3 20,443 | 40574 - 23121 4,671 4.420 18 93,247 15.1
2009 47,958 19.031| 38,610 38 26,308 4323 6,583 19 94,912 16.3
2010 57,251 20,953 | 37.619 176 29179 4,746 11.729 28 104,430 17.0
2011 67,684 17.671| 48,314 577 32,136 4,755 19,589 19 123,071 20.3
2012 T7.820 22,091 49949 732 38,265 4,951 26,380 25 142,393 235
2013 84,330 22,998 | 50.803 918 40,112 5415 31.010 80 151,336 251
2014 91.718 19,587 | 55,908 1.471 42,232 6.069 36,056 98 161.421 273
2015 99.368 18,977 | 70,922 8,284 44,553 5,768 38,726 134 187,364 315
Source: Federal Ministry for Economic Affairs and Energy (German: Bundesministerium fir Energie md'Wfrtscmﬂ]p']:s- T
Version: |ast published PDF data sheet as per December 2016'2']
Note: celumn "Biomass” centains all generated electricity from biomass, bicfuels and biogas, excluding generation from biegenic waste incineration

EhRAJE © Wikipedia
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Storage Grid Domain

Point of Interconnection 2014 2016 2018 2020 Total
Southern California Edison

Transmission 50 65 85 110 310
Distribution 30 40 50 65 185
Customer 10 15 25 35 85
Subtotal SCE 90 120 160 210 580
Pacific Gas and Electric

Transmission 50 65 85 110 310
Distribution 30 40 50 65 185
Customer 10 15 25 35 85
Subtotal PG&E 920 120 160 210 580
San Diego Gas & Electric

Transmission 10 15 22 33 80
Distribution 7 10 15 23 55
Customer 3 5 8 14 30
Subtotal SDG&E 20 30 45 70 165
Total - all 3 utilities 200 270 365 490 1,325

L AJE © Jeff St. John (2013)14
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BTN =RE TN FEER FERE S &
&S - it
(—) Southern California Edison (SCE)fYJ Charge

Ready Programs ¢ 2015 -4 2019 FHrE

355 HEFETTNTFE ~ BN - aat ~ B

&~ WA~ HEE R ARSI o (TR

0, SEEtE R e InE I P P EEIRE

#70.1%~0.3% °

IEETERE PSR - R —FRATE

22 HEZEITHEE 1,500 {EFEERL - 55 0

BERHICE: 333 HEFEIT 0 & 2020 FE5E

30,000 {7t B Wk -

(=) Pacific Gas and Electric (PG&E) FHET#EA
653.8 HEFEITHENE 25,000 {E 4K Fe EEUEA
100 {EE B RER B - HEJHFHIE
BHREEAE 2016 2 2017 A EIEp 2 -
fliET7E 2018 2 2022 FH—ATEEZ
EHEF R0 0.7 ETEEIRE -

(=) The San Diego Gas & Electric (SDG&E)fY
Electric Vehicle-grid Integration (VG)E1E >
THETHCE 59 HESEITIE 2015 2 2025
i 5,500 {[E FE BRI -

2015 45 A > A0 SEERRGE Tesla A E]HE
Al TENAEER  HAERs IR
S00MWh HY#ERERTES » F[FIN— SN E B EHAY
AL - EEEUEA N RSB EISEE  WA
s EERAERYEE T 7 AT B4R (get off) - BELZEE
FAEE I A EIRVEE J4EES - 97NA RSB TR LA
R -

2015 N E— i E Sl 350 AF
(Senate Bill 350, SB 350) » L&) F4E)5HAZE(Clean
Energy Bill)iy H LR » 2030 F-A4—F8E T2k 5 JE
TIFURIGRE S A REIER T < AR AE R
REJRRCR EHAR ~ HEBhRFEA B SERR IR (AR
AMNEERE TR EL N SR SE R A BT ~ JB0F
HIREIREL T » F AT Z 8= - MRS IS
5t BIEARET AREER F455E - hoi 2015 ¢4
ZHBEETINGA 26% K HEFREIR - B E e

10

@
ZRIAE ¢ Griffin (2015)1°

I 10% - BLEERHE R RS AETRWIIA iR
FAEL > M T3 o 2B (D (R Bt BE R R Ay
82 A HBEEZEG G REERFE
R EHEAETRAR AN 3 & 5% > BAI(ER B
FEfkE o HBRSSEBCRREEZEHER
R — R R 40% » 5 A BB TR i EL
EFEH) 20 E .

= ERRINREREEFEREIRE A

FEE EFRINEH R HREA R E > 2T
90%HIRETF AR E Ak © Tl 100%REEAEL >
HeglR it - HEREREEHE AR
SRR R HRE TR 2 B\ o Ry T FERAETRRL
REURAH - BRGNS AR > S8
KFFsEfETERFEft Tk s mayiks -

H @R HATREIR 428 4 Fror > A 4 (E
BIIEE  6 (EEILE N ELE -

Hawaii Electric Systems -- 4 Electric Utilities; 6 Separate Grids

Cooperative

34 MW PV (12 MW in
System Peak: 72 MW
Customers: 32,700

, (O‘ahu

Hawaiian Electric
283 MW PV / 100 MW Wind /
69 MW WTE

System Peak: 1,144 MW
Customers: 300,000

“Maui Electric
Maui: 52MW PV / 72MW Wind
System Peak: Maui 190 MW
Lana'i: 1MW PV
System Peak: Lana'’i: 5§ MW
Moloka'i: 2 MW PV
System Peak: Moloka'i: 5.5 MW

Kauai Island Utility

S Maui

Hawaii Electric Light

52 MW PV / 30 MW Wind /

34 MW Geothermal / 16 MW Hydro
System Peak: 190 MW
Customers: 81,000

Hawai‘i

[l 4 B RGE TR

BRGRINBUF Ry T3 EAREN  EETE
LA 2 TEAHRHIECR - B RGRINEEE L 2008 4 1
A 7 RSB FEE R (BB (Hawaii Clean
Energy Initiative, HCEI)> H{ZZ4E 2030 75 70%
HYRZIFRETRALTE - HAVZE @ ()G IIE HER AR
MRERAZ ® (DR RERERIERMT  (2)
AR LAFHE © (MRS EEIR R ERAYE
BRETRSEE T -



2009 F3TE T EEF R RPS HEE » 2030
FEIET] 40%(2015 FHE 15% 5 2020 £ HiE
25%) - ELAGE it Y BOR T i L FE ¢ MBOSEHE
fiti ~ s T E B (Net Metering)  BE4H#E (H(Feed-in
Tariff, FIT)Z -

2013 47 ERis e d s EAEmR A%
(Grid Modernization Act) » BHTE T {F{a] & A B4 2
WS a2 e e - BERGHE > A
B SR B ) B A R - FEH DA R THEL
R BERRHARFEEECEBERE 2014 K
RPS 2% 21.3% - #8il 2015 F3HZEF] 15%0VH
2> 4@ 5 B o

B 1 RPS H#GETE HAR  ERER A RE %%
EEALIUT R
(—) FCHECURNE T 2013 B ERAETE A F

HYF 2 2 B 2008 FEAHEL TR 16% -
(Z) REIERIGRERECA 24 BIENAR >

IR 15.8 cents/kWh » EEATHIHVRETR A

W=z
(=) APmAYRIZRESE B PR R - 2 2013 4

VA 30.1 BEEIVAE > H 2014 80T K

478.9 BREA R - A8 6 Ak -

(TU) R R KIHRE 2 BRI E - 2013 94
AEENRIGREES EEERFHE N
= WE 7 fs

() HATKIE » FEEGRAVEEREET S A [F &
A EEFRIEEHEL 2.5 B 42% N AHKEE -

Exceeding Hawaii RPS Goals

Renewable Generation for | ian Electric Companies -
Current Generation Achieved and Generation Required

21.3% RPS at year-end 2014

40— Hawaiian Electric Companies @
(9-3% RPS at year-end 2008)

15%

2012 2013 2015 2020 2030

Renewable Generation Achieved Renewable Generation Required
Renewable Portfolio Standard (Act 155)

ZE A JE © Roose (2015)1%
B 5 HREHARERZ BRI HEETFERE

FERBELEAEREENEEZE RS

Rapid Growth in Customer Sited Solar PV in Hawaii
Continued in 2014 (89 MW added in 2014)

Cumulative Installed PV - As of June 30, 2014
[ 45 MW added in first 6 months of 2014]

mber o Py Sytems N Capaciy, MW
»
Cumulative Installed PV -- As of December 31, 2013 Wb peiswtn_commeca] PN _escosn _commercl
s61 om ¥ 242836% 3|
Hawars Eecric ight s o a0 s2e 3
s ictrc % o5 ssem )
——
—— o wm =
mmmmmm 7 N
Dec
50,985 o 390

ERIIIE © Roose (2015)
6 EREHK 2014 £/ Fin KGrERESE
Top 10 Solar PV States
1. Hawai‘i 255

. Arizona 235
. Nevada 152
. California 135
. New Jersey 133

. Colorado 68

2
3
4
5
6. New Mexico 123
7
8. Delaware 68
9

. Massachusetts 67
10. Vermont 66

Ranked by Cumulative installed

PV Capacity per Capita (DC Watts/person)
through 12/2013.

Source: Interstate Renewable Energy Council

ZRLFJE * Roose (2015)
7 EEISINAIIKGRERERES &
MAFERERAE AR EAVRIE » FESH

NEREGHIBEEY - EREEHATHFERE

B AETT TSI E 8 FRBEE T T

F AN

(—) IEFFEIR 3 (Positive Sequence Load Flow,
PSLF) : 12 2EEKE B/ 5] (General Electric,
GE)W—{[E B ] 24 A i e s 4siig - o]
DIAZRETEE SER - SR E R B e R

() & B #) A& 2 #E (Long-term Dynamic
Simulations) : i5 2 {F H #) % & % #l
(Automatic Generation Control, AGC)Z45HY
BT > PSR 5 T 18 R S AR il 2R A%

11



AN
[==]

(1) B N OF AR BE R 2 % 93 7 (Interhour
Renewables Variability Analysis) : 32 /2%t
HARRE—E/NG 2N ATREEE N RE
WS T Z 5% -

() % & 1% 2% 2 & #E (Multi-Area  Production
Simulation, MAPS) : & 2 3 [ &7 2 /\ 5]
(General Electric, GE) Y — {[& 15 5t &= #E 8t
S BEREs RS AE AR [FIJEL T35 8 ~ K5
REREMEFEE T - ZFNEE/NFHYE
AEIEE D -
HRETEEEREINBER T a7 - R

g g8 (Smart Grid Inverters) » £1FE © (—)

O RS o ()R PR A E

ZERMPLHSS § (Z) @S EEE A Z 7 i

B RIS EE ) R AR SR 2 8

HE S

=
[an

S

12

BT A T

106.04

B E I RIS E » AR R4
BOENRBEY -

(=) JE 7 5% 8 88 3R 5 (Statistical Wind Power
Variability Assessments) : 15 ie51 ¥ JE 1558 iy
AIREIE AR I R MARRIE » THE T Z 8 d oy

EEN 88

==

=4
e

Positive Sequence
Load Flow (GE PSLF™)

lul
il

Long-term Dynamic
Simulations (AGC)™

MR BSVER ERLFT -
2015 FEH 5N & F4H %% (Kauai Island
Utility Cooperative, KIUC)EH SolarCity 7\ 5] 254y
RER - GEUNRE 20 4F - f9EEE 14.5 £
BEAEER(E R B R 4R 85 BE YR A - SolarCity
N EE RS AR R S SR B — A S E R
SEa AR G RE R » &
M ZG5 > BTE BRI bR i =i
B AEELE - EEEEN > EEERINFEE Y
F2016F1H13H 16 H~17H 18 HEHE
AR EE L e RIS E SR 90% < DL 1
H 18 HHI » KIGRESE®E S 77% ~ 4
Fs 7% ~ 7K1 Fs 6% ~ KITE5 10% -

AL [BR B 5 B P A i T 5 S A
HYBCRAE T - =] 7 ff B R SR A i = Y P AR R DR C
EEEE > Mt R H AR IR 2 EEE 2 21
SRR o [HAh - HRRRN AR & A
HIRTAG I FE 7 A BRI RE S8 BE R &R o0 2D -
FH 7 55 B B Bl 3R )1 25 S ML 2 B8 ) 2 40 B
[F] > HEIN ML R4 - HAHRABUCRIE I - BR(ERS

fEHT

1wk

LT =2

-
Plannin:
W . ¥ ngu T

Statistical Wind Power
Variability Assessments

*—

Interhour Renewables
Variability Analy:

si STM

Multi-Area Production
Simulation (GE MAPS™)

-

[ | J‘

EHIARJE ¢ Schuerger et al. (2013)

& 8 A AHAIF AR S T 7Tk

H 52 MWh s



= - EnerNOC DU EK FERE(REEREZEL"

EnerNOC 2 £ BR 1 (1 677 BE 7 22 e 38 (1L 8
o PR EE N LR ER M P E EE
(Demand Response, DR)7 > 5% /A El#EA @ #E
900 EEREAVATERE TR B IEREST - 780N ~ InZ
K~ R - B HA - dPEHE - B 0 SLE
FIEEHEA M 15,000 [EERAT 10,300 EERE
B EEHELE - EnerNOC 2115 F & KA TRE
ERENIEMIER - FRIEHFEESER G2
i 100 ZREEM AMRIEREEIL » W2 B TE
AEPRFRERETEMNEEE TS > G
HE - EENEYRGETS -

EnerNOC & Ryf2 {85 5% DR £l B #5155
Bl A HEERE - FE S TR P s iR
BENRIETZE - EFEGHIEREHE T - SuE
Fefig P& ~ BEJHEUES £ 17 (Energy Intelligence
Software, EIS) » DL & FAR °

EnerNOC BB — I A J8 R ~ e HYHY
flPa - EFEAE - PEd] - E(ET TR e
0 &ty DR EHRER » H@EREEERESL
(Network Operations Center, NOC)&fK 24 /\AF{E
PEENEFHYRETR AR - A E ORE B EE Ry o A ek
FZ8 o ARz R A4S AH R EO P T T [
JE - H 55 15 Bh 3 BB )RR OR R A4S - BEAh -
EnerNOC F F #2458 (Customer Baseline, CBL)JH
FITARIMER] - a5 DR ({2 8 PRV E TR
EH  MESREPEZE -

EnerNOC A EHETR &N ETTEZ I3 Br T
AR RAHERAE B - FCERRE R E RSN 0 B
Rt MUER EAEB L BE - KA =
7 Z & I 5% & #k(Dispatchable Load) » &4
ARERALEN R E IR E T - ARUE IR
FoRE B e S B aH OF A BBAERILEST - E 2 o
B JHRERYERZR (4 T R EEME A /Y
T3 [ERREA A T B EEREEE | Ui miEAH
AR o & KI5 RE B S35 BEEL B H 28 B 0 -

" EHECERESEE | BURERE AHIEL B A EE
B

B [EEEAEEFRFEARE ZBRM
Bkt SN FERRS

— ~ B/ MNEER A BE SRR RS

(—) BIFMTRR

B HIERARFEZENEER RIS
— BEAIHE AN LS BB E 2 et E
FE - KRR THMIK [5 A8 38 B8 1 8 12 1Y 2 AR By
» BIYMERERIGRE R BTN HRAIER 2/ 0F
IS

1. [ ANN S5 2&f

Yadav ~ Malik Jz Chandel (2014){EEHRIA
I RERRA I AHRE S - BiE KIS ReREA Et - K5
REHIEST ~ RIGEIEHSE - BRI ERASE - A
AIRE N ES P R E SN E T - /b
DUT o RS E A S 2 U A BB AR TEH -
[E0F R E =R [EISY - R DAWRERIAR [E] s e
K HE S BV RH % o 5% SURREE I E & & 4k 26
{1 8G - WE 9 Fos -

. © Training Cities
amirpur
* Pradesh T g C
Dehrad
(=3
New Delhi
o
Jodhpur Jaipur L““;"" . ! -
o o g Patn AN
Varanasi o
0 7 Shill
J o
Ranch !
Bhopal :
,-\hmedazad o ° E’olkm
Bhavnagar
°
Nagpi
Xagpu
Pun
o
Mumbai
Hyderabad
O Vishakapatnam
o
Panj
Bangalor
’E Chennai

ERIAJE © Yadav ~ Malik K Chandel (2014)
9 ANN & AU sk B I SR BT RE 26 1 3t 5
Z SRR FHEVE R R B it 2 B R 2 i 2
RZEGZB(NASA) ~ ENERER ~ EIERE R BLER
Huls o B BRI T T B TBE
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&~ SEERIT ~ Besrh ~ B0 - HEVINEG - &
so EDRHE 1986 222 2000 4 » HIUFAF —HE
B o WFE T AR I RIE AE /0 A ER 5 (Waikato
Environment for Knowledge Analysis, WEKA) > &
SHPERTE - RICRERE ] JAVA BRZHYERHREK
fG o Fo o J48 TREREHE R T AR Y
BB FUSBEDA(FUANEAY) - 5 B 1508 a8 14k By
EHYE FERE % o 5% SUBNEF L2l B iR A R
WEKA [ J48 SRS 347 » PRET B EIB Bl5s 8
EMREH o SREUR ¢ KEBE TR H 5
oo Eh S N HRARY R TR I o IR
BARCHR ~ e BIEE - HERVNGE TS
MBS RE 2% B B i Ry MHRE - 5% SRR A ik
W ATEVEE S o T W N T e A A R
(Artificial Neural Network, ANN)f&EAI : ANN-1 »

RERTE CREBUEE Rl ARS8 ANN-2 > K[k
G ELRTHVE R KPR ~ AR08 ~ fs
o BHGERE ~ HERU/INERAI R A e A2
85 BEAh - A Sk A HS H RN
1% > PRI = (E A ANN-3 » R E0R 1 -
BAROR ~ Bmri - BIE R R LAY A A 2
B o KHNENEAFSERET ANN F1% - &5
IR BT B = 5 B Ay P 19 48 ¥ 1 7 75 (Mean
Absolute Percentage Error, MAPE) 47 Hl| &

20.12% ~ 6.89% ~ 9.04% -

FR¥E LA&E R ANN-1 #5241 » MAPE 5
20.12% - [fi4CEH WEKA SRR ER S @1 > 111
ANN-2 {54 » MAPE [#{X% 6.89% » HHIEL AL
A1 SSHRASRISTE R D BRE Ry 2 > A (E DA
AR IIFEZE - 5591 - ANN-3 fHAVE MAPE J
9.04% > [Sf> ANN-2 f5HY > BT DG4I H BN
RTAIKFS RE 35 B & A P iE - H MAPE HEZ(K
172 10% » 3w 1 Ry HAR AU A & A AR -
IH - ANN-3 fE8 BT AR = H N B Y
i -

2. JEM SVM 43725

Belaid B Mellit(2016)FE $5 E Al SCBRIS-H1 57
% 5] 1% (Support Vector Machines, SVM)¥fiATH

14

MIEAERES 0 = A EAEHY ANN JEEDE - (it
Z RIS TR SR B AR AT A TEHIR SR8
SERAVE 2 WL ANN B SVM AYTEHIAE
AR -

HEEREEM 2012442 H 1 HE 2014 4 12
H 31 HREERE » A IR e & -
PE Ghardaia 317 25 /> B R A4 RER IE I 5T
Ff (Research Unit for Energy
Applications) » [ &/ NG HI & —ZEHE - 545
e imom ~ B0~ SR s EORZE - H
BT 8 ~ 7K H KPS 4885 (Horizontal Daily
Global Solar Radiation) * 2% 7 /S = & 450 AR »
RAEEZE > THEITHEHBEER 25°C~
40.8°C > +—HZE = HHHE f 19°C » HAH
1y B (RO A] [ 2 5°C -

LRk BT 42 i SVM L > fIFE R
D—E28 > B2HUESE - EREIHIE
(Training Phase) £y 2012 22 H 1 H%E 2013 /£ 12
H 31 5 BErPHIEPE B (Testing Phase) & 2014 4
B - BRTE 42 EEEZAN - Wy RistEEH
KA AR Rtk s B8 ERlall SRAY BT - EES4ER
HUT © H RIS SR H R B4R R 7RO
KIG3EEE R Yy -

2 SCRK 5] B BR FH 22 T8 [N R 1 0 e 48 4
(Multi-Layer Perceptron, MLP)#EfTTE] » FEIL %}
SVM Bl MLP H#E{T R fdi i e 52 1 Vi B AAY B
IOCALERS » SRR EED AR Z AR H
SVM ZEHERARHREE MLP Fyf:

3. FEFA4ERE ANFIS 4347 265"

Jovi¢ ~ Anici¢ ~ Marseni¢ Jz Nedi¢ (2016)$%H
A EFAH AV A G B (ANN) B S §% 7] & 1%
(SYMAYERLE » #&H I8 M GERS G 250
(Adaptive NeuroFuzzy Inference System, ANFIS)
FUERIGHE S BTN E S H - RN £
iR AR E FRAEMARY If-Then HHI » ¥
NFEURTERR B S A AR R T e MR A B o3 A > (LR
Z Ry REME R E B T BB E R IR - [N - [
A AR BEA B AFHY B B AR 7 B 4H SR s

Renewable



77 A AR E Y R AR B E A MR
AR - [T ANFIS 45 & 2470 BUE e aC 4g s
WATEE UL - A Wi E AR RRS -

ZSURRER A [E R A ATT Y 28 G
Y75 FE 1R (Mean Sea Level) ~ #Z2ERE [& (Dry-bulb
Temperature) ~ JRZELK A & (Wet-bulb Temperature)
¥ (Relative Humidity) » ERIACREE ZEM
HELIAYREE (€ 2010 £ 1 A% 2015 F 12 A
(i HER - B RBOREIsNE  HW— e
HY 22 RAEFT IR BRI (FHEDREZEES] 100%)HFFfr
ZEFIWPRE - MmEZERERIR Z -

K HERF ISR E R RS © RERFA
[EHY RS UhEL - ORISR EETHN 2 oS
80 WAAEE o Hrp e —{EuhRL - H2BROR YR

ZERUN B (EUEES - RICUHBNREAE
EER/ - FRATEREE L ISR TR R
SEEA R BN - MURNORE - 7R (EnERs T H
AR EE RN > ARHBNRGRE & EE TR
FEHEZEM -

e BB =E =PI > FHAREREER
IS Z R > I RER R R T N T e
FIDILASEE - EALARPEREE A —EENHE
7% - /A RE BRI SREL B R 2 T A ]
ZEBIHETTIEL -

(=) BEIPSCRR

SITRRE AN (01528 HE 5B ) 24 =
e DS A TR AT & - SRR RSEE
B BRI  PREE RS IR H DU HA
Thasg H R ~ SRl E s SRS ~ R b sl
& SCHEEDRHELGERE 2Rl ~ DURGTRE
& H[ {5 (Capacity Credit) FREHT - [FIFf - 12
e D PO AU RE R E ~ ST MR AY
oty ~ MERE bR EHEE - e e RS
IREEFELLR -

BEEE A (2016) R L HE B A= AE TR AT AR
THIEEHEE ] 2400 - BfE ¢ & SRR AERETRR
BIRHG I Z PREK ~ SRR S EEEHK TR
KA SEE AR - B RER O A

KAt 2 BOR ~ BEBRPERIRE T ~ SRR PEHIRE
T1~ BB E KRS ST ~ THIRERIRE] - [F]5
HBHEAET RIS 50 - Bl FIAHE 2RI
Proteasses - & ERHrK > 1T 3 £ 6 8
K CEE TR - il & R A A
BREMLE - $ETT RS EEE ST - 4ERF RS ]
g

=~ HBBCRAR R BT

o HE RN 22 1 3 P AR AR R S B 1 FR E R RERY
BURAR B BLEEET - A N5 = E = 7 AERET -
BFE L (BERER (DA T 5 (Z)8
BIEE - 227 AIEREAADT ¢
(—) BORER

Ry T REEARRMEENRE 228 DK
R TT LG » DHEA A BRARR
& R TS A ERGR AT Reg! - fla0 20
FEBE AR R E 1 Z B g FERC(Federal
Energy Regulatory Commission, FERC)#:#)3E &
[ FEHIARRRTS < BLBCR B 10

* 10 %IH FERC JF- 85 & S ENIAHRE
5 O A B[R A= A IR 55 BE 1 13 E A B Y
SRR BEREM AT L AR ES [ AR &
[ FESE ey 71 » H o AR A B R T A AR
TROLEE RGN ERTRE - A BT % - FEILAE
OROLEE B B AT SENT « 14135 2008 /Y FERC
719 {5 CHHETE R R R IR =T A 2 Bl
T35 ALV RGBT 2 E - BIEFE(RE S
TR BN AR XAnNERE 2514 JEELE
HERENEETENHE AR EM - AIERE
BO RS RSB AR R 2E 2R > SR EUR
Bt REFET T EEAERESE - [RRFE A RERALE A
RENE -

() B G M

DAZEER Fo ] - BRI 0 B2 SR RS T
HEARTEE » RS A  7REN > #&
Y AN 3 7 77 17 (Benefit-Cost  Analysis, BCA)H]
EHP ~ BIAFE ~ thE - HAth Sl A

o &
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& &5 A 7

SN EEEEARERN S - e AR YR
Fif@ € (Participant Test, PCT) ~ 2.25 /]
1% 7€ (Ratepayer Impact Measure Test,

T
HF

RIM) 3.48°&))5 R\ A f 72 (Total Resource Cost Test,
TRC) ~ 4.7\ FH = FE B A K5 72 (Utility Cost Test,
UCT) 5. —fgfitRR AL st &7 =0A TYI=H :
17337 H%(Net Present Value, NPV) ~ 2. AU 75

#2;%(Internal Rate of Return, IRR) ~ 3. &[] HA

1.2:81

= N

=
5 &

3 824 HR 106.04

72(Payback Period Method) - = » 2010 4
TGRS EERE AR 2514 1% HEREsTE
HYERER T TR A R AR s | o TN A S
EZEG Ry T HENARGIVETRMESR - FHKE
TIRFEW T RE R B RRAEETF 26 FH CPUC 2 itAY ERa%
B85 B EPRI FRilE Y 2 EETRE ARG
DARE (R R (R AR R R R BB EN & THE
RITEHFE AR s o

3 10 FERC JT4EH#EEN TR & A0 B 45 < B ECR B

1=
2

Hg fi]

ES=]

890

2007.02

& 1 g B 9 B% B A B2 48 B 3R & 3 (Open  Access
Transmission Tariff) » i (R IF 3 EEJH(HIEFEEE)
Fr 2 (it B9 B Al 75 - 01 7 2 i ¥ & (Regulation) ~ £
#& 7 ¥ (Spinning Reserves) ~ #8 3K #2 % (Frequency
Response) DL Kz 5 L ffF 85 Al %5 (Supplemental Reserves)
£ YuENFEHENMmEREER -

il 7E B K {5k SR O i B R 5 1 1R
ik - FIIRTHEME R E R o R R
HARRCKEGEE B HE R
E L EE

719

2008.10

s LR BN ET S m T SR E 2 R LE &R
AT - B RGEER RS HE2HEFEENE -
A A AN A T8 A @

DU H Ak i 55 50 3 5 0 o Sl B 5 R
RAFIHF 28 > B 57 i B4R
Z AR D B B R LS
GHEKE - & HFERFR R
A1 T 5 & EEA N > PR RE
REEHEWREESHEENETS
EHREEEBIRS  REEEERE R
BIRELEE -

745

2011.03

SR 1 15 55 3% & (Regional Transmission Organization,
RTO)E? 1SO » DLW i3 32 2 &5 {8 (Locational Marginal
Pricing, LMP)#i{& X & fiti 75 & S JE MR A EEpEE
B fERHE - ST ATEMESF - (DEZE
B i 75 S E TR S TR R RS - QRES L
ARG ERE TR EZ A - FIF > RTO &
ISO 15 % &% i (B & B4 LU W I AG TR B e 7 2 S JE 1T
BB JIHF -

PR A (H 2 76 2 B 7 B S T M
FENHFE > UsBHFESFE
[CHET % - & i A=
WHFENE2HETSEET RS
K- (REFF &HEs R ahE %
BEEHLRFEHE L TERIR
E) - Kt thE R T AR RE IR # A
RENARPE -

755

2011.10

SHE S ] L BB DTSRRI E R B
R AE R B R S S AR > $i2 H i 1 1 46 (E (Two-part
Payment) » 55— 75 /& (HUR B R 5 2 75 B 1 {E (Capacity
Payment) B & BEA > k2 B34 DR He {HE A5 SR 2 11
AL T 5 (E A AR A B T R - 28 0 T AR
3 B AF U (H (Payment for Performance) » FHAR R 5 32

TEREB R R HTHERESERE 1SO SR (ESIREME -

fifi (B & %8 76 3¢ & N & ARG B
FIR S B - [RIRF AR A R A L 7R
REBLE ] A YERESERE 1SO (S5
HIRERE - 46 T RSN SRR R AR
EFNH - BEBRREHRETER T
fEPREEMISER IR E - FMEZH
ARE TR B LG H g 3Bl
INESEE

784

2013.07

B i B 5 T 5 o2 3t P B A A » ST A W R e
R SEFHBIEE - RUHIRAZE 755 95 < BN FIRE
i35 (& [ EAS  (E ] > 25 =5 (Third Party) ] LLTfi
55 (B 1 Iy B B (Market-based) - fi2 1t 8 By Iz 155 7 ¥ B8
o AR PR EFERM.L DR EM - dAI
i B Al A RE BE RO ~ EAB DR LEE REARAS

Y T B i 5 T 5 B R RE T 55 12 3
FEELEWE > EHSEEBRL -
BERRCR - [ 52 T B 5 B R
BERM > BN HLEREEE R
ELZHE - BESH IR B -

BRI - AW E



(=) #HERDIHE
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