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(consumer)HJFE 1 - 4 Youtube Efig BN & & T A M B & B T flE -
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3. BERREESSLILZHK

3.1 M=

Ryl AR LB L IR AR S P E
HIRSFihsR i - HRERRAARE " fEE
HYBEFE | B2 TRV, -

Frel TR R fRIE = e L B
5 % AT RE AN 2% TO R FRA (R A - AT
& RRTEA SHE ANGVE U - DAREDR
B ARG EMEATEEY - CHEES
SREYRRERE H 228 ~ ISk T HmbET 215
ST RS E S R T ESRETAERZ
Gh > RGN AT B ERR o st E A K
BRIAAKIGREZ B A4 - RO AL E 135 38
TR4H ~ REIRWADK I E L ~ AHEEE
L A FERE 240 ~ R A R - AR
Fmis AT o SESEHRE ZAFR M 52
HEE s - A8 AR -

T KEMS » UAFEREELE I E
hiss o BB RZEME - HIL > BEE
WABEEREImA AR EAT(BERETRA
KFGEE ~ WA T B BK T3 B 440 ~ &
BIE - BEEBUNIGERE RS 0 SIEEE
REREEL 4 - H 2B N E RS R
(potential competitor) » FHEEEF S EHIER S
g AINEE LR - HECEREE
AR RV (B & BB ~ /K4 - R4 - €48
KA EAE) 2 B » VR EE ) RSBl
FEE DR a A 5 Al $2r B ASE )
M54 - JREN - FHEEE TG LA LS
HEFKEMFREGA - #A "FHR, DEHE
1T Ry ERGHVEEIERCA - #E A T3 AU S 14
G o FERERT o AR WS T AR K
sy B ORI & A i () - Rt e

REARTS o BEEFIEZY - fETT S HI 2 EIET - &
FIERR I HAVECERCE -

Firadiy e mnaEE ) (RIEEF R - - T
EAENSTS pen -l 3 OISR CILSEE
OrA (4G I B RR SR T 2 26 E 515 £ 4t (redundant
system) » JLHZEE HARBEIRERIZIE L0
Hagh ~ BoE - 20R ~ BE - KEH)BEHER
BT R (R ~ R R H %) 2 il 175
T HHBILE SR AR, -
G EMN S » BRI M & (ancillary
service providers)F5EEANTE = JE ~ BVE L2478
BRGNP R EER - EEE
BIERE L4 - BARBEEELRART - EE2EE
B M SIS EE Z T (i —&
FRALE 2GR M T5A T — {6 ROBF 2
HIERITE - B RFTA R RS L
g S R DA S R AR LK £ S - )
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T RKEME > FEHTHREE (priority
service)'” {4 1878 /1 ] SE & (KA B > FF B S JE
BERE ST AEFR I BEHREEER - 11
B ] A4 A SR T H B IR BE B4 BB /e AT - %2
RUBSRIRF - H At & n] SEE Ry 7R B e
MPZE—rE# > EFRREHEASENE
RERIE » BWEE B NmeHtamn
SFEEMRAHBIE - EFROK I & TR BT i
B Bt it & e 4G By D Tk - &Rt FR
BEEBREHEEE - EEEIREEG &I R
BEFE » ERSHEREN ARG 2RBINIK
A DAEORE LR S - D7 R R(LE S
IR HAR o 1EAE 2 B R B R R il
HEIE TG RET » AR EIEREB IR
HIIME - MERHL R E B AR L 2 AT 5E » i
TREEZ JE - ERLE R AL B R e S0k Al
BB M E ISR - B AR E(Not In
My Backyard, NIMBY )f&58 £ FEHLE A (Want In

PR E A ARSI P AV E RO, » S R RIS BB - AR R F S RAYE S ES - 2
RIELEE R A - et —ERASEAEME T SEE SR BEGHN X - @Y > fETREERENTTE  HE
Folrrs - BECHERE - ME—EFEEETSEE - MAHNENE D QRE T KRR ERETTE - 208
TP BTERE - F85 EREEEAEN SRR E N E T RSN A R EH -
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My Backyard, WINBY)=lfig il E %4 (Yes In My
Backyard, YINBY) 2 /F & [H A -
e Bt aS TEEAFR SR E T A T A m T

B UAtmRE o R BRI RS
Al EEEME NN ELE - HETLR
SRR T R B R S - B AR
ELBIE IR KEH - A " HEHER ) sesE
B S ALV RE R EEER -

3.2 EAMSHH ~ TEREBRNR

b A RE R S L PR s - W
G EANBRE I A EEN: - R
MG PHENFR - EERA TH
ML B TEIE ) IFRERE - fEEERM - B
AGEERFERSBEENNY - &5 ' B#
BRERE  ZtE > IH B AR Z T
e HAG  FERCR IR R B & fF 2 FE e
i o MECHE - AEEEEH N S IEEORE B
RERZ M - HELUE TS R AE (T 8
HREHE NIRRT R - EIRGAS LR
= MBUFAYVEHIBER ~ (REBER K AHREEBUR
Do B AR RIS A VAL B B R R
AU BRI HREE -

DI R R Ry B m YR TR AR G 2 R B
FETH R L EAS R RE T B Z T > IS T
SREAVREARE A PTREE R H At SR AR
8 - HHESSEE L EERRIEEEEDFK
Ui L e S K > A BB A o g Sk e AR (BTG 1
RERE)FFEE T b > & 2 5[5 HIRRIF A2 HKGET
a9 IR T WA E N S (PSR AR
S EEE o MM EEEEHR T 0 HE
G AN M E B ERSE - A REAE
BEEHEBEE S AHE A RS20 1
&EERIIEE - JREIS TR oK B ASE T
A o [l > EAFERE A P Z ERH A B

BRI SUARIRG © FREE AT B - TSI N AY B
NSRS BT 5 A R TR B RCR AR SRE
s

HELLiE - ZEEI TS EH T 5
fEE(MO)ERAIRENERIAA > EIRHEE
¥ BEXEE - HEREEEHEEH R
BOHP » EFAREREEL OIS ZR EKE
> E2EEEE ) H AL S 5 AT RELE (R H ikl iis
PR IR B - FEETEL T - SAHBE AR A
NS REH G NER SR - 52 0 (F
T RE S (I HE TR ) 2 S i T B ) YR B
i > R R HIRZ L0 BE

4. ENRZMIBZIRE|

(BEI¥EE) ER20174 1 H26 HEIEMHAT
T BB IR Y R AR - A
KIEEZ BNERZEEIFZZEESR - [
[ > oy WP B HEEN & D TSI - Rl — &
MAEFALL TERE T ) B —IREHEER
W& o PRIEBHECEE - BRI o R R EE R
HEIE SRR B R FIS%AVARE - EHICE
B > Wi R L I B et o B o R

"R L, - HRPANEINFL - B REEA
EITEEROI EEE TR, -

41 THRELIT, BNEEERN
WA SRS - GRUHERRE

Z&(Renewable Energy Certificate, REC){E fy3¥

S B 2 BOEFEHE " - At B3 A 1F i

% F—IEE T 4B fT ) BOEEAEEE

R AT

1. B - ER Pimd B AR RE RS ekt -

TTREHEMAE - NSRS H TR -
2. Bt HARERSEERD T HEMG U7

i

S

" Haffner, et al. (2017)#5H » BRHSBIBUFS &SI ER A AE0R - BEABh AR B BE R RS FE Ay B A - (EFrekRE >~
JEFGITE T LLEAR AU KRR E S IR AT ~ FITIBERRG - B ASHEReRIEES -

IR HEEN2017EL B 1 H AR =S S 0 722017451 H26 H ARG AR EHE -

B Ib RS AT R T FITL N IR S i, » 0] BB OB a5 > S a] 1% - EEARE RS » WIESTE

SRAE EEI A S A RE IR

“HREAZEATAR > GEaE - HHERTERZEE -
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A EARE R E SRR MGEMAS - |
BEBTSOE Z P E Rt A ER -

3. Bt FAERETREE AR SR A DA O (Uiiwheeling)
T ELKE - R B R B A4
SHFP  WHES N GBS HRFEEER
NEEAHE -

4. AR EERICE - BEEARREE
% HEGEGEERMRBZAAS -

5. A EEEREN - IBBUFIXEZFIT > i
BEAFGS—IERE -

6. FHAEREIRBEE " (REC) @ FAEREIRSA L E
(PRFITZE BN Al HiEE 2 f8ag - HHEERRAL
FH=TF N IR R Hak i R H R EE
% BEEHH AR GBS > WAE
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B DU HEGEAEE S HRET S LS
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HIEFRKE > DHHtaE - BUF ZETKE
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M EREAEEGEEEEENEN
o AR [P — [F] S B S E - i
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{8 - AEETE - B EERALKE TSGR
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FAARRRTISH2BE G « FARRE
BE - BARREEREUENIMAPE 5
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A B TES 5 TR R BB ) R SRR e B
WP > NS IR AR B HE T
MBS ISINER - RGBT S L TP RS
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42 BNRZFE
TERHEE IR GRS R
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RRRRERE AR - GEAT HERRH
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VKB SATHY N R R T A FITE & B A BRI - B HA AR R E U R E R - B 0 EFIT
HEREER AN BB EZEHE - MIFAREREERE LRI ZEE SRR EHBL > NAFEEER
B W2 R EEHEEZEOAHt#T5 - F85 L SEEVRARK - 192K E AR R#E 2 BIRAE
B CH A RE S S 5% B N HAR TR AR A - L IEIRIE B ATt 3 TS RARE T - TREIP=MCZ B XA TE

EEA -

P REERRE IR o (RO R RS AL B R PR RETRUBES LA - 591000/ AR B AT —
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Py 2 & (1SO; Transmission System
Operator, TSO)HJ A G UI[FETRIEGIEZHE S
RS IRE IR < o WEOREE TR
BT -

[EH% - B8 )12 5 Aff(Power Exchange, PX;
Market Operator, MO)RI[#/3 /E AN E RF E EH & A
SiREVFENAT > o ERRE > 518
ERAUIE - (RIBEFZEFEHAE © "
MCEXRENT SRR FE  LEXEEH
TEREET AT - JE R 70 IR L ABIEHZ &8
NZGVE - BN VFEETIRELS
B o DUZSREREE AL AR R R R AP
EHEEZHE - F-HENX G FEZK
B~ A AR - R E R R H A EE T EIH
ZHA > HEEEHREAEZ - 5 BER
2019)

S 35 B W FR AR T #1122 B & (Federal
Energy Regulatory Commission, FERC) 2 #i
#IZRHE - ISO/TSOE I i i 85 5 7 (Regional
Transmission Organization, RTO)47 72 E % 5 &
i Mt BB TEGT Z BASH
RIBLGHE EARTZ R - B A E T
SRE& T Ry ¢ BEETY - ARG LU
MR 5 o AT 73 AlERBAH ThREEL H Y - f
FEH AT IR 25 2 {38 ) IS B R
(—) BE =i 5 (energy market)

REE T3 LRE & (energy, MWh) 20 55 B
fir o KB BEAFR20194 T HREZ T HAT
BRETY ) - RIEERER SE TN HAI—H
ETERENERG 2T - HXSNHEE e
S IREFEES AR 5 B ) BlskE - A
S AEHEE—K - BEBITEIREN
ISO/TSO - f{<5R e ke it B o455 FEOAIRS H /)N
PR - HHE T (EEREEE - ek
F o RENIE - HPRHMUR - B S ER
BEFHRE > BEEEGE > DRErEA
HETHE > REEETAAHEER)NGE
Rt ST HEEHE -

28 7 kA BB R ER M ECR

B H AT FE AR TR 2 8 G LR K 6% » Hid b
HEEBAR o thHh - 5 FFS K B YR
SMERRCAS R4 EE 2 BRI N IR s - W 2 [T 72
PE—IE—& Iz 1% - FITH%RE B R & i
R WIRNH HMERE 2 83 - HE » ERK
IR Bilkk B T R [F] {H (grid parity)iiF - BN FER
BRI ORbE - EITTEE TG0 PR A
il o
() B&Ei5(capacity market)

BEENSHLUTIR (power, MW) 55752 5 8
fir » FEEHIZR T R FERE R EN
JEfg - 4EERASE R BN R/IME - LHEHBEH
AREHEELEETRS - HEBREAER
NE > ZHERHEE  TRESRFEER
SHOAIRZEE ~ WAL ~ AR )R B &EER -
Bt By 7 fR P A RE R T B P i 2R Y 38 B
SRR - )7 E R ERE T EREE
IR 1l B s &= ffE % & (capacity remuneration
mechanisms) °

EREERN  GEAFCR20194F T
# T RENS 0 TERERIBEESN(E
EREEBYMI A5 EXHEGFE  £&
ARE . REEME L FEBHE - Geead
A - IPPRIBR A E 5 (SEE » 2019a) -
[FNF - (AR FE (L) HE » —EHES
BLLEHVRERNEERE - DAER —EN
MEEEHF s At ERENEEERECE
I BB R R - B0 78 [m) H A% PR
i LRI E PR T AR, - REWGE
WA =Frigist HEIEERKETE
&) RRERIEDS - RRBERRIPP ~ )REHL
A B E A A RE TR SRS T R GRS
2019) -
(=) HHiBh RS 5 (ancillary service market)

T B Ak 55 % i Ry 5 RGBT e N e DR B
R T e MR ERTHRRT Z st - BREAR
gk - EEE - PR - JERVRATE -
BRFARE - 2RBEEF - 4% (EX5)
FIERRUE - BaliC BESEME MR 75 K R 3 5%
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H S ERaR 2 HaE - fe b 3 2 BB
MBI B iR (& bR T3 3RS0 - M A
FRAEREM - Hop > JIEEBRSHE - 2K
RS ORI - KTIHEAE - B SR EER
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FERE > aENHPRS(EE 0 REK
JEFHEAE - FHBEEE - NFHEHE 2N
fEHEETES) - R IHEG G ERERE
fft - BEEEFARFSELLIZRFRS » H
HA2025 - B IR S Y AR oK Bl AR B TR
PR T EgE BRI - VAR TR R SE -
HRE R F IR AR IR Bt B s - DU
FAEREIRB BRI B R - fem " AEERE
S, ZLEB > WIFR2FTR - BAEIME o SR
(2019)F B EHEERMRE T K ST > 2025
FRHPEESERS90 MWREEE 2:478(160 MW SR
UNE]E /430 MW BRI # B R 755 ) 2 S A PR 2R
RIEHHEE - SERHRERE ZHIIREHEK
BRET o B TIEEUF AL - b N Ef TR
Hpk B IR s T EEME > HEEAT S
Wl - ARSI ER G AT ARNSHEEN

JE ~ EEEERE RS A sE R 2 M E M - —
[EE 20254 7 B -

THET S - B FHEA BB R FEA =
21,000 MW 5 %5 T & 4E— &R AU AH Bk
B0 BB ARG KB R 985 MW
AL R IAR - B2025 - 7 Sk A #2017
EREIE] o R R RBURY B — 3 BRI A Bk
WA RS N E RS S R B T
& FEENZESZ T REER o Wi
Hia% 2 EIARTS » RFE SRR A -

HAIGECDR2019F 5 —F5w " IEHE
Gt S BB IR TIE ) B > ArsEdk
GRS - HARREEYE - BHEER
i~ BERKRIE - HFEASRT - 4L EECR
202041 HE N T IF{H4A A S BB AR s 1E X
Wk, o BARSHERGETGIEE - WFR3AT
7T—\- o

ERFEEN > BAEITE LR EE
SHFTER L 2 BB R B IR A B IER SR AT
GEGEE » AR EEENTISEE - B
Lo EZF RS T ST 2 % 0 ESER

®2 EERETEBIIREE DS S EE iR At VURER (SRR - 2019b)

PaE | PR eSS SRS R iSRG 2 Sas AR
[ZFERFE] mini second~F) HF~377 5 ~1077 45 ~3077
Frégi b 3-1578E DL 1 15735 A _E VNSO 2-4/NEFRLE

ig”if 500~700 MW 1500 MW 1000 MW 1000 MW
FRE
B e,
(Prinf;ry%lii/;\qﬂuency SrEh
AR Response) (Automatic Generation BEEEMEAH BEEE Al
1
(EAETRES Control)
20254 1000~1200 MW 1300 MW 1000 MW 1000 MW
= (NEAGHEER  (NIEFARIRRR  (FHEENAGEA  (FHEN AGEA
) SEELENI) KERERAREE) EETERHERER)
G
ISEE=—N
FENE EERTIE
(Demand Response o s FERE TREIE
AAEAJE  with UF-Relay) R
= (Automatic
) R Generation Control)
(Primary Frequency SEMAH SEEMAH

Response)
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*®3 GE " IREGRES BRI ) ZHEHI(CRERE - 2019b)

IR B THER(1084E T 2F4F) TEE1094F)

BTESE  HREIMESEH S BRI IR R TG B M E A TR B R RS E
S B Sea=A L pRaEL gﬁ%%}iﬁg N {%QEEQ{% N

/&‘E—ﬁigj‘% ;‘%Eﬁﬁg {;‘%EBHX{% E}Eﬁéﬁf}s%gﬁ{% R ﬁ?ﬁﬁ'é)ﬁ

o g PR e R - SRS E
e AR AR - AR
PRI\ H i (E RLERE ~ HATHS(E

ST BT BEEAT - THELE

Bl EE Z T RERR S > DR A E R R A Y]
BRE - BA L AFEHVSHER LS HEEA FEH
Fokasds  gRERHEMRGEHE ZE
B o WAEGE Q0145 - BSNEBIRE TH
S G ER » FEEEE TSR ER BT Z 10
T EEDIERERAE (B (Shortage Pricing)sk
fEpf B E [H (Scarcity pricing) 53( > e fiAH
HESH(E T2 S B M55 R4S i B R s
et - —fims > BUIMEI TS HEbk
B BB EE N ARLGYIEL0~20% > W EBHT
RUEARE - THERIEATA - RS E A S

PIM

PIM SE=FBIFANE I H1E (ERSEES -

1000

EEA/)N » LIZEEIPIM (Pennsylvania-new Jersy-
Maryland Interconnection, PIM)&& J7 3/ & oy ~

44 EE 3 S o (New York independent system
operator, NYISO) ~ Jj1)N&& J7:fE o s(California
Independent System Operator, CAISO)AYE# B AR
Biss Rl - 1815 287 F ={E 135201647 5 &
20194F6 HIZRIF &L~ BII i s 8 E %40 ss

=AM EBEEAE - 75 F5.80557T/
MWh ~ 5.463 70/ MWh ~ 6.7263E1/MWh - H
FIPJIMEANYISO (New York Independent System
Operator, NYISO)&f&Y 8 3 & LAY (B FE R

® 15fif] : 2016/07-2019/06.7 FENF
® EH{iff4 : 5.805 USD/MWh
® TSR ¢ 2017459 21 £ 4:outage » (H453T
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800
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400

300 9/21/2017 6:00:00 PM, 292.23

&S PIMIT =SERIRHEEERER(GEA LR » 2019)

R FE (A B R B RS E - A R AOPRERY 7 2URAT -
* Market Basef/Vifigh ik 578 B Z RN BURERIE L - B &% 1084 R 4ms B IR B T - SURETHTHIT AT -
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o HAf] : 2016/07-2019/06.7 iFH% Pk

© SZE{#%  5.46 USD/MWh

o WA : 201841 ) 4% 2 Wit e - KA
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D .@ ‘\' ‘\ > > r\' > > 7 ..p ‘\, ‘\, >
A=A N Ey
fE6  NYISOZT =R A & E& (G EA LR » 2019)
® 1R : 2016/07-2019/06 FFEBG F
C AISO ® SE{E% © 6.726 USD/MWh
® WRFH - 400 HEG R ErRPIFEE - AR
CAISO if =FENfF M5 @ |18 “Ereserve outage, {Fi15 A4 BT} -
1000
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800
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-é 600
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§5585883585¢ sE3fassiadsises §55sgssatasas
RRQRgR3”"gRZ R R R® RRRRRIRAFRRRAZRRANERR"R"R’"%

Bl B RS/ - PIMJR201 749 H 21 H Hr it
SRR S H 455 B8RRI 23003571/
MWh > S FEE3T606% - NYISORIA F20184F
1 F 2R » B RIRRE RS AR - E R
& HEBER R KEZT100357T/MWh - 23
PERRAT2065 o ERCAISOEA R S ER -
& HIRAEFRP (Flexible Ramping Product)iFES

I B 34 (R A BRI B - (B E s 2

#L7005%7C/MWh (52T - 2019b) © AL > R
PR E8YET201 94 S5 B 5 M E IS OHY 34 B el -
A LU AICATSOFHE A PIMAIN YISO H 3% e f
BT ~ KIGREmE D3 ES S - 2
IEERS SRR RE RN — - ] R HEBIR
B EA G R Rt TS A R R L
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m Coal m Natural Gas w Nuclear m Qil mOther mSolar m Wind

&8 ZEEI2019FEZISOEEEfELH(FERC, 2020)

SRR R FER B R % 2 EEEME - HEE R
T KSRGS R R E (2014) A fE TRV &
SIS R TG T3 SCAH AL -

R HE5 2 (International Energy Agency,
IEA) 2018 F ¢ & @k 4 fE 5 (Variable
Renewable Energy, VRE){5448E & 7 LLHBI - #F
A 7y By S (EAN [FIPE B (2 RER4) - HA
MNVREFE{EAE20205-4Y £525% » H K54 E
&I R16% ~ JE T3 B 9% » EEAEEA 2 5B
=PEES - FEUUFREHEAE MR - FHER LR
HYREBON > Err BN K5 B4 Ry 7.5% » i
TIFELIR35%  BENFERIGEL RS NIEEL -
H Al ARA B R AT & BAR A - ZE20194 /4
RER BB AR EELH5.6% » ZHEIHE
RIS P& R - H EODBURIG s LR

RER S B R R E R A — (R R
2020) -

M HEJR 7 2558 € 50 (Australian Energy
Market Operator, AEMO){{x#E 7 8 & & i 5
(Wholesale Energy Market, WEM) Z #5H1] > $&
HLP8 V5 RS 5 B 2.4 (South West Interconnected
System, SWIS).Wh %~ BB AR #5(2 5 £S5) - #EFR
U 75 i I 5% ey B BNV BB AT 0 (HE
fEEEA - P8ttt - BREmED R4
BN BB AE - HERZT 0 3£
B HINEY AR REJRAL b DA B 1/ K P e B B b
F]RE R B SR R HA PN DASE B0 A
IR TS RIS E 25 -

KRR IREE A ZEE TSR
B o 0T AR Transmission

2.2% » ALK EHRIERERA » BIRFILE  System Operator, TSO).Zf% » A EFIKAIA &8
B4 BV A R
PR oG P RETRLLE
! BB RITTE 250 2 A 0-3%
2 EEER R AR 4-15%
3 SV B R B B P AL B T 16-25%
4 EEER LR R ERE A H T BH K 26-50%
5 BV 2 R A O ST, (R BT 51.80%
B
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On the Market-Oriented Green Power Development
Strategies : Focus on Ancillary Service Markets

Jyh-Yih Hsu' Tsung-Lin Yang® Chih-Hsiang Tsai’ Fa-Ming Yeh™

ABSTRACT

This paper aims to explore Taiwan's green energy-oriented power market development strategies and
related measures. First, the paper describes the global development of renewable energy with its advantages
and disadvantages. The intermittence of solar and wind power generation must corporate with diverse
stakeholders to create higher value with smart technology applications. As the proportion of renewable
energy in Taiwan increases year by year, it is extremely important to build a power market mechanism to
face this structural paradigm shift. Second, this paper uses the variation of the load curve in California as
the case to explain what is the “duck curve” and its impact, then analyzes the possibility of the duck curve
happening in Taiwan. This paper also discusses the economic implications of negative electricity prices in
Germany, California, and Texas. Third, facing the potential impact of high renewable energy generation-
mix integrated into the power grid, this paper proposes a fair-trade market mechanism for all stakeholders
as a countermeasure. That is, the relevant policy has to provide timely price signals with sufficient
incentives to attract more stakeholders to stipulate ancillary service, to keep the flexibility and resilience
of the electric power market. Furthermore, referring to the regulatory framework of the US Federal Energy
Regulatory Commission, this paper elaborates on the functions and role of the energy market, capacity
market, and ancillary service market, and provides some suggestions based on the power trading platform
mechanism that Taipower company has planned. Finally, this paper argues that the Taiwan government
should actively introduce the fair and competitive mechanism of the green power market. In particular,
power system operators and power market operators must work closely with each other to build a sound
and new ecosystem in the power market, leading to the sustainable development of Taiwan's industry and
economy as a whole.

Keywords: Renewable energy, Load following for generation, Duck curve, Negative electricity prices,
Ancillary services, Virtual power plant.
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