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RESEARCH ON OPTIMAL OPERATION OF MULTIPLE
VIRTUAL POWER PLANTS CONSIDERING DEMAND
RESPONSE

ABSTRACT

Global issues such as energy shortages, environmental degradation, and
resource depletion are intensifying, becoming critical challenges that
human society urgently needs to address. With their distinctive merits of
low energy consumption, eco-friendliness, resource abundance, and cost-
effective operation, Distributed Energy Resources (DER) have gained
expanding application and widespread deployment. However, large-scale
DER integration has significantly increased the complexity and uncertainty
of power grid operations. To enhance DER hosting capacity and mitigate
the adverse impacts of DER output fluctuations on grid stability, Virtual
Power Plant (VPP) have emerged as a novel energy integration and
management paradigm. VPP provides a viable solution to address the
technical challenges of high-penetration DER integration by aggregating
geographically dispersed DERs to effectively mitigate output fluctuations.

Building upon existing VPP research worldwide, this paper investigates
the optimal dispatch of Multiple Virtual Power Plant (MVPP) clusters
considering renewable energy output uncertainty and demand response.

The main research contents are as follows:
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1. An optimization dispatch model for individual VPPs was developed,
incorporating uncertainty and the complementarity of multiple flexible
resources. First, the Monte Carlo simulation method was employed to
perform stochastic sampling of wind and PV output scenarios, generating
typical renewable generation forecast scenarios. Building upon this
foundation and incorporating time-of-use electricity pricing, we developed
a VPP optimal dispatch model with the objective function of minimizing
operational costs. The model integrates multiple flexible resources—
including wind/PV generation, energy storage systems, air conditioning
(AC) units, and electric vehicles (EV)—to collectively participate in
demand response (DR). The results demonstrate that the coordinated
participation of diverse flexible resources can significantly reduce VPP
operating costs compared to relying on a single flexibility resource type.

2. To address the power mutual assistance among various VPP within an
MVPP and between the MVPP and the power grid, this study investigates
a coordinated optimization operation model for an MVPP composed of
multiple VPP. Firstly, a joint dispatch framework for the coordinated
complementarity of distributed energy in the MVPP is constructed.
Secondly, by coordinating the exchange power among VPP within the
MVPP and between the MVPP and the power grid, the minimization of the
total system operating cost is achieved, and the impact of the DR
mechanism on the MVPP cost is thoroughly analyzed. Finally, a simulation

v
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experiment was conducted on an MVPP containing four VPPs. The
experimental results show that the method studied in this paper can
effectively reduce the total operating cost of the MVPP.

3. In order to study the impact of MVPP on social welfare, an MVPP
optimal operation model with the goal of maximizing social welfare was
constructed. The optimization goal is to maximize the benefits of electricity
purchase for users. On the basis of satisfying the balance between energy
supply and demand and other constraints, the exchange power of MVPP is
taken as the basic data to achieve the optimal solution on the basis of
ensuring the feasibility of transaction results. Simulation experiments were
carried out on the MATLAB platform. The results show that the method
studied in this paper can not only reduce the operating cost of MVPP, but
also effectively improve the overall income of the user side and promote

the improvement of market vitality.

KEY WORDS: Multiple virtual power plants, Optimal operation,

Demand response, Uncertainty, Social welfare
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SEESTWTIT . SCHR[44] AR AMEIZ S A . B iioR g & AR o B s, M
AR SR AL AR AT RTE UE) VPP, GBI AN 8 T 1
A R R 2 A FE e R Ak VPP SRR B XU . 45 R, 5 ikRe e s
AR RO K RN TR, A VPP 7E FRAR S 1 52 XU 1 [F) e 3R &2
Weak . SCHR[4SIEABRCRAL VPP (iR A B bR, R T A& iR, X,
PARLEIM . iR R G HENVRE DL B 1) VPP, R — R T30
A EM IR ES . SCHER[46]LASE I H HE B s i KA A B s, 83 4% W4
AT TR . AR LA f e B R B A e, B[R] A0 L ) 5 Y
0% L IR 22 ELALE, I Rk i R BEARAL . SCHRIAT1EE AT BSOS T
SRR R BN RIS AR G LR VPP, MEET 3
SR AR, AT B 72 WFED . BRARBOR R A B A i B AR . 32
WR[481%T % FE-E- K HL I 0 A SRR IR IK) VPP, ARHE AN A2 U 1) 75 SR R £ 1
T YR PrRmE SIHLEI) VPP SRR AL, A T VPP ZUF R I H

Fro
1.2.4 BB SRR

T, LY MVPP PRI BEREAT TR R AT IT, £1% MVPP
PRI SCHR[491E “fE B 70, RSP PG RAEAL b, R T RG
T B DR AR 5t SR B ) MVPP A AR DU A R AR . WF TS5 SRR, A
BT A VPP ISLRE, BTN ER VPP R DR B MVPP R A B AT
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TR AU . SCHR[SOIHE £ — Fh B G I 48 20 A6 A4F 1) MVPP H T BE AL I 2T AE
(RIS SN SEI T AR I o) RO AR BLA], (R 7 VPP EHEAL 5 sk, 18
SCHR[49-5017F R % B F SRR MVPP A (R0 . SCHR[51]PA IS S IR 2k i K
WH B, T MRS RS R M &R MVPP HHTHT
TEMRISEA . FEREE RN, A2 5M3emn VPP S aei i 41 dt ik B
7 RCRIRTHE B AT . B ICERE T MVPP 538G AL, IFRIR
Jx MVPP H15% VPP [T 3R sl AR 1B o
FEXS MVPP Z [B] DA alJr i, SCHR[S214 it S ad k3% 1) MVPP 5ty s
REEAT HHHESE, AT A o4 o4 B2 8 11 (RSO BRI I8 8 oA . (E S IR
S5 i R N 58 35 MVPP [H] ()3 00 i FLBESE 5 o SCHR[S3]8R Y 1 —FPEEX MVPP
(T PR o B 5 A A AR A B 5 503 ) 5T Shapley 19 MVPP il i 73 L SR o 25 4R
FW, MVPP BRI B AR A AR A 28 43 IC SR P LA T REVRTH 4l % . 3
BR[S415E tH 5 RE DX 4l Amr A 1k A R B B MIVPP 23 s P R AL R BE A A, 25 2R
Won, AR TR R VPP BT A AR . SCER[SSTRIEE T
IZE A MVPP 8] XU T2 AR, SR APRL T B S AR A i A 2
BRER EisE UG IR VPP B AT A . (B 3CHR[54-55]H JF R 5 & MVPP
Do AT S A LIRSS SCRR[S61ET XS VPP Hff e T 24 th AR e ] 2L,
REETRIEAE S 51 MVPP BCETHE SIS . ARS8 R EIR, 2RISR
SR BV T 2 e B 51 S B 5 O 22
ﬁ%%ﬁ%%¢ﬁAﬁﬂm¥ﬁ%%ﬁﬁm%akjﬁﬁwﬂ%&T~W
S DAL A (B FR 0 AR A28 (1 ity 2 R BB VIR DX B P 1 A SR s
PR, ZORISTE LA AR R B R FIRT, SERA IR 7 IS a6 3 i ) & R A
SCHR[S812E T~ 0% R i MR B R a8 (AL 2 A M ek B, $R M 77— i 2 BOC R x
o5 F T BRME AT 2 0 TO WL . SR, AL A A DL =
A AERIR A, SCRT CARA OR 7™ 85 8 R B I RS e M . STHR[59132 52 2 1 P2P
HAEAC AL, BAOREEIER AT L, ARR BT KOG HE 0 5 8 AN 1k
X% FARY FZAT RIS . SCHR[601ER B T 7EAS R VE A HE L R 1 ) RGL48 B 4k
w RGO, JRHE AR T B A SEILAL 2 AR A B AL I L ) SR e 2 5 VR S
SCHR[61 T FIATIL 54 2018 475757 1 18] T J (10 75 SR i 2 S bR 28 491, RSk 1 75
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SR e I 3 ] B, g 28 0 1 2 AR BT 7 A AL S AR AU AL R e

BT BIRSCHR, ASCHFTE T B BN E 1t S 2 AR RE I BEUR ELAME A
VPP 5 MVPP RALHERTY,  Jf 5] N5 FEA A8 H] S KA H) MVPP A5,
T B SR A B EAT 2T

13 RN EEMRARTKRETRA

T BRI AE RS2 RSIA, Jv T edt DER FRHUEH 94,
RS KU E AR BH BE 55 70 A1 sURE YR tH ) AN E R XS VPP A2 g s 47 Mz B LAY
AHIFEIE , AT TE % 8 ROGANI € 11 K 3 BAR 7 SR R 54> VPP 5 MVPP
AR LT, FHFAEHIE MVPP HAESLZRINUHIT, 9l A5 &AL S Am R e KAk
B, WEFUAE MVPP HLAESL S X i e RS o 10 S0 3% F8 M BN 1 BT -

91BN AR, BENA T VPP IWHTRE SR
b8 JE VEAIARER T I B AR 0T VPP RJEDIR . VPP s s 5 5,
PAJ MVPP Jtbox g Ml KA R BUIR . 5, XA RN A S &=
SERIM T TR E A

852 BN AR JOE AT . AT AT, HAENH T VPP I
MES . AR SR B, EEXMnRE R B S & I W 4 A e IR I AT
Yl BJa, BRI OSBRI SEMT N, NJE2:H) VPP AR AR
AR R

% 3 TN B E MR 2 R VE SR AN REAUL AR O0 AL R SR . A
A, Dl ME VPP BB AT A VA BE B AR, Z56 25 RE 7 KA e 2
LR ROG. BVL AC, BV L S se e It 0, M 7 &2 M5
VPP EVEAAC R FEREAY, JRidd X e sese, XPANE VPP I st 25 gk 47 4y
Hr, SRR AT R .

55 4 NIRRT AR . fEARETH, @R H 4 4~ VPP
LRI MVPP AE R B HTAE %, BT MVPP HBEIL S SRy, ik i
A, MVPP A ] VPP 2 8] BA & MVPP 5 HLW 2 [H] ) D32 ., 1A% MVPP &g
17 A B MBI bR . S5 R I0E T Frt U IR L RE A5 22 it MVPP N
I RLRETHANRE T, FFIE> MVPP [ H IS AT A .
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85 BEONE B WA R AR BRI s T AT T, '
SR AL ZAEA PR RN BEAT IR %5, £ MVPP IRALTAEE SRS B, DItk
SARF RN EE B br, X5 A A8 A KL R MVPP #EAT @ ARHE 7T,
TR AT R AT ot BJm s JEDR O B REEAT XL, SRR 1 AT
(TN & RES T it

o6 ARG ERYE., EATRY, FEXAHFIR A A L TAE#AT
TSRS, RN RS B AR AR AL, IR TR A S et Ty i AN S
N2 Je RIE T4 £4 S8 T A ) 7 1
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B2E EME ERFRELEITER

2.15|8

FESCERR R, I AT 2 B B BRI, 10 VPP 2R “YR-fa-fi” T
AR, RTES B S IR O AT B A SRR ), A HUE 2L 2R
DER. fiRe &M A2 555, S DER KA MIH TS5 5 2T 58 4 f2 it
THBFREES . Bk, RITEAN VPP FIMEE . 250 SRR AT T 161 2 iR
H5Em 7 VPP WHERS AL IR, Oy 3C5 8 /5K M MK VPP AL i i 12
LR SO .

2.2 AR ik

2.2.1 RN B2 5554

1997 4, Averbuch 1§ 1-7£ (The Virtual Utility: Accounting, Technology &
Competitive Aspects of the Emerging Industry) —HH#2 5] 75 VPP MK,
A R 08 M HEAS [ S S AR 2 TR R E AR, R P SR s R I RS
HTHE SR B3R, Rk, X — 2% B 32 H DO SRS 5 5 1) B i

GG AL, VPP IRFER RRALIIIE R RCEORE AL AR R S e
MBI EEREE RS, Hik, VPP AfLURAAF 24801 DER. A% H
Ui AT LR RIS TR B R, TR — RS T ) B B AR A . VPP RN
BHIHZ 5 e E RN — e, R RUR 3t “UE-M-f1 7 H3)IEAT .

AL VPP RH “HEd-ril” 45177 S5H0EHE t o A s IR iR E
A A DS . ok, %% DER. fifi 5 VPP s 4Tl o 2 7] 1%
AXABAEIRIE . XA VPP B 7]t A RS20 JRE S DER FIS 1T
PERDIRZSAE B, IERem &AM EH ook Hig 4. BEik, VPP Bl &5
REVE = RO G A— AR S 5B i I BE AT 3458 B v, AR R I 24
THGKHE] . VPP T Kl 2-1 fik:
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JORFLAL  RBHLAL fERERZE FWALA R mnese
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== -——— ERR
K 2-1 VPP £k 7R i
R 21 EEAREROCHLA . I ST A U RE R
G o A R TEPER VR . VPP 1a AT B O ARAE THRIE B EOR, K 2l R
TGP BE IR REAT RS, RN A P RS AT W SRNE 5T A8 S, A R Y
B U B R A A7 A U 2h 2552 ELHI XU AL, TRy R R SR A R 0 L IR DL A e
& RS -

2.2.2 FRINER] %54

VPP fEH A AR IR 2 782 “ra NfIf e, Bk, Mt e
J7, VPP Hf i BRI, A, VPP RERSAT RN e LA AT P A B U O I
SR FR) R P WA 222 JRi HE M1 DIER 6 H Th 3 AN 7 B0 i L, D oL A 2 (R T 1 ] U
SRS, 8% DER A L R GEIE AR . VPP I&R] LR ik DER
PoTHE S . KB LR S . ok, VPP AMUATBIIRSZ. 2 5/ 713
BT G, R S A KBRS A S 5 R A RG L RE . B,
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VPP AU T A AR, A TG BAEE 5%, Bin] LRBh I B RBR ) .

VPP Xf Ak I R AR O MR, o E AR BEALE . TR
(LA RS TIE NI CE

(1) FEHLIE

VPP [FBEHLIE 2ok B T 2 A X065 DER FIBENLTE. VPP H /) K DER #E
DV Bt T R0 4% 1) 10 B B R A E M, X SRS 51135758 5 B T IR 85
TR AR RS o Dy A RAE D KOG HE I BELYE 25 B VPP 3 B AR B
VPP @i B 5 I RIGHEE %A DER,  DASEIN 2 o3 A7 U REVR 2 18] (10 W0 1 L35
f&r VPP ig TR et 5l FEdk.

(2) mIAREM

VPP (¥ ] i FEPE R BARIAE VPP RS T 2R A BT . fESkRig
A7 AT AR T FR SRR AR, X AT R B B AT A T 5 AR

(3) MLtk

VPP IS A AE A 558 Gy e fE . AEHZUZTH, VPP /EA— ALY
MABEE LI IE AT . TEAZ 5 2T, VPP RERESE AT #h 2 5 i ) A28 &)
5354, WA DURIFAR T 3% 44 R A1 DUSREUIR 25

(4) A9 et

VPP AI¥ I E BRI VPP ReRYE B BB BN T TR, RS H %
AT ARRI AL . AR, DER WA 4EM5 H & %K, R H A i N EUR H
VPP k. EZ RIS, XFh RGNS 78 VPP I H 3K
A

2.3 R AR TR

2.3.1 EMATEHIA

AT HEHL (Gas Turbine, GT). SEMIHLEE Y 1 EHH AT HLA . H,

AN ARG 153D 5T 2RI RS AL, (His AT e
AR . Bk, £ VPP 28K, JRFENL T ERIE R Zh &S TS0
HIEEAR I DRE. K5 VPP UL LRI A s B i an s (2-1) s
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24
C(SBT L zaPGST t (2-1)

t=1

F, a NGT KA RE: P NGT 5t s Tt ZIM % D%
GT (¥ D N 75 i 2 DR B R BRIGZI AR, sl (2-2) B

PGT,min < GT t,i < P

GT,max

(2-2)

Rof, Py NI AL BN TS Py, IR CR HLIG R T 2.

232 fERERE

fili e R L L RE U84 2 R B RE A A N SLA BBV A7, DRI/ B ar H B g 08 25
KGO R AR B BRI K. M E 2, B ARG & TR P A AR
o IFRIE RS R TR T LSS Blln: 2R e ORI SE Brdi H Th A%
TIAE R, e RGURCH s 10 =SB th Zh R s T IONMERS, fERERSE R
BRUEZAh, ffRE 2R G0 R AK I T 37 F i RIS M B e 0

E—NRERIA, 87 SR REBL & I AR, JFOREEAE T — BT
JSH N RERS 1L H 3847, i RE Ay HORAS A 75 B R E 19 BN IRZR, 8%
B DR R E A B a6 2R R i AR S — 2K

SOCES,tO —S0C, =0 (2-3)
S()CES,min < SOCESJ < S()CES,max (2'4)
SOCy, = SOCEs,t—l + Pes et IE— Pes o/ E (2-5)

K1, SOC,,, ke R G MILAT IR SOC., Al RGEAI B i 7 v
AR s SOCq M1 SOC. 1y, S BE R GE T AR A U B M S5 SR, 451

BAEHY 0.1 710.9; ENFEBERGHBE AR
2.3.3 ZMEAHE ST

RN DA A RE YR ELIR R rh— A B A WA BBl Re S R A, A T

B RGOS K P i e BEAT S A R . FLB AT SRS A H 4 i BAR AT LAy R
ZZVR[EERWE
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(D Hir#& 530 FRAE M EaE,  F P HE A R Ry ROk B2 B 5
AT N7 30, ATk B H 8R4 (1 H Y

(2) PhihJ7 3 SR FATARYE BN U A 1T P98 LS B B KRy R AT
VAR —Fp T 2

PRI B 5 R RS RO ZE R, RDRESRIE AT 0 3 RPN R SR

D al PR Giger s ROGT BESLE AN [F) (I 18] Bt AT e A2 A, fEtdiEh &
Z RN N T S B R R AR . TR A 2 RN (2-6) 1
ZIR A -

0<AP™" < AP"

t,max

OSAPtSh'OUt SAPout

t,max

OSIthin +,utout <1 (2_6)

i PtSh — i PtSh'O
XF, ARM 5 ARM NN E SRR B, P Oyl RS A i N

t,max t,max

MR PNV R AP 5 AR 73 N EE N LB S e 1 Fl

oS AR R H, A VR BN, 0 | FoR A

=
DT HY
2) ATHIE S 45 DR R S A B E A W SR . SR DT g
o LRfi M 5 77 $RTT T AL REWOH AN, RALHE. (RBRAL IS Rl
3) WA AR AT DAAERT RE I TR) BN HEAT DR, (BRI R R
B DR AR I BOR fer MR AR & P (2-7) & (2-9) AR, IF Hl &2
FUE I BUREE R .

PIL,t = PIL,O,t _APIL,t (2-7)
0< AF)IL,t = AI::’IL,max (2-8)
teT, (2-9)

Ao, Py RFAE AT SR B s P A48 B 280 o b 57 0
Waft: AP, TERSZIt HUBIMRIR: AP

IL,max

NER At VBRI R T, %
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7N NIBAT BRI B o

2.4 R D FUNAEE

2.4.1 AL B4

BT g R S5 B BRI BEALYE, BRI, BRI R R R T RER
RN o b, RUHLZH A H 0 RS MEAR KA E b 32 21 RGH K /IN B B2 25 5 i 103640,
SCHR[65-6TTUER] 1 AT LA HY 1285 73 A1 R B0 XU R 70 A7 HEAT $38

WI1 5 KB REHR & —Fr -+ TE s eI, BARER. 1B . Za%k
o JGARA DR KR/ 32 2K BH RERR A 95 2 R/ IRE O], Sl IR BB A
Jii SBT3 L RE IR A 6 . SCHR[69THE B 17 mJ DA FH IE 25 731 R 4K
XK BH BERR ST SR E BEAT HA, R0 (2-10) Pom. W —4EBENLAR R X 1%
PRECN -

1 _(X*#)z
f(x)=mae 20* (2-10)

XA, pu5o NEE, Ho>0, MFRFEHLAER X RASECH (1, 0°) IEE D0,
CPEX ~N(u,0%), B, u NEESE; o NEbrEZ. B, M u=0,
o =10, IEZ&G N(O,1) FONFRAEIEZS AT, H% R EUN:

XZ

e 2, Xe(—o0,+0) (2-11)

@(x) = NS

SIS SRR A R PEA 25 A A0 ) 564k H R
MBIIEZS 73 A G0 S Pl -

Pove = N(Po Ooe) (2-12)

Povc = NP0 30) 2-13)

Rep, P AN RIS I P, A ¢ RIS RR LA P54 s

%, 9t RO IRR AL 5% P, ol ¢ MRS E: P ¢

R 220 AT R HLALE T3 P o, A9 ¢ IR0 R FMLALE T35 %
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2.42 PR T RURTE

SRF RPN, BTSN E R S SRR AR N
) 05 M R AR 2 ) PR SRR, A BT SELEEAT Gt U HEBEH LR A, S8 FHBE L
BOF FIT ALY, AT SR i Py ABh KA A o

H A S 11 S 56 5 2 DU ff et L se B AR BEAT AU, PRIk, HERASR
BB AR SER S5 R ORI, I SRR DL, SEER A B IS R RE A O N K
SEHUBLILL R, AT A OR 1) P o 5 SE BB DA A5 &, IR IR AT RS B PR
F AR . BRI IO N JE 7 MR 2% BB AR, (H AT DU B SE3th
AU, KEESEFENL AR BT, R R E Sk, SR, RS
R RPN, FEXREHEIAT . B, Oy 7 AR Z) i FEAL AR B A E
VERFAE, 38 I VR I & ZARIUR & ) SR ARG o X% GE 07 VA AL SE bR
M RE A RIS, Rl R A US AR B RGN, X
AUJC WL, FEAR TR T BEAUBL WSl P . R (] 2 BRI, BE AL A
Jl e (0030 I3 PR R 2 5 RCR PR 22, A4 M 5 00 52 DX 3 o s R A i L 9 2 3
WA PRI, SRR R IR IS RSSO BRE N, LR AT I8 A\ 2 R
R 2 00 55 2 7 EE A SE T B AE,  FLBERIR K HE Sy E B SR P ) B & R RCE
TR

WRE BRI — Al i, HIEAPIRAT ARS8 T I 2-2 s

e B ALK 100
!

1

l‘i

i=i+1l

G il I 6

i

g.%

10020 X EL
£

iR
e

B 2-2 SR RIS AE A

20



o N 2 T e A 'S

AR 1 RIS 700 R B0 KOG 52 AT 1AL

AUR 2. P IEE B R T

DI 3 AT R AT IEAT .

DUR 4 AEAMRESE, ZIR ARG R S ST g as R .
2.4.3 ZIpFHIRS BB ZEME

HTXOLZBER 2 E HE KIS, VPP AR NET 5EHE1T
V8 B A R 06 A% R KOG HE AT & P . 3 o A R B S — P o A e A o
SN AN S 1 ) BB A TR AU R A RO 1, RIS AL DER Ak IE 4T MERE Y
RN . (ESLPRm A, EFIgstaotriHEME T Ll A (2-14) etk
IV 783 ) A R AR T R
rpeiPEpf(a)’ X)P(dw) (2-14)
A, P2 o EAE Q B RNEZRM .,
N TR (2-14), BT TE H AT XA R SERR i) @ T AR Y, Horp £
ZE IR BE R — P F IR Il vk, B Ria R
de (P.Q) =Sfuglfg f(w)P(dw) -], f(@)Q(dw)] (2-15)
A, sup R LRSS
WAL ¢ SEMIRBERIEE, [ f(0)P(dw) IR EEE N [, f(0)Q(dw) I
PLIHEEME . Kt, 230 (2-14) BB IE HofE DL e ik i, 7w RA Q k=K

ML . %9 T 3L R, 530 & S M BT HE 52 4
1(P.Q)=inf U,y (@, 0)(d (@, ) (2-16)

MR PHQMRKAML LN (2-14), W “QRME SO MAMMHIME LK (2-
15)7 5 “ PR LIACE RN AR E A3 (2-14) 7 R, B 24 R a4 A
R H AL 4 00 R A K Tt i DASK e, mT L 5 4k 2 A3 (2-14) 1TRaife
MRS, R JEOR LA i fLdE — B itk o R (2-17), FHAK 2-17) &
SRANCNPIECENOERE SSPE LT ith p e/ U
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TEEJQQM:LJQQMwa) (2-17)

TEHL ) RGARALII LS ) B rp, Pl 2 A e R 26 A (1 T SR B L AR
B, TEEERMEAR Q-14), Wik, FEXP TS HUGAE, BIEHKE
A PR BB SR AR, XL B A R A3 55, i 4 7 2 e 2 4
Aii BRAEGRIUK 86 FRFEAR AT AR IR, 33X — i) 8 1F A2 3 37 A6 RO A e )
A W PARR Nk (2-18) s .

(& p,).5=12,....,S (2-18)

R, AT p, AR SR

e BT AL MR, TR AN B S 0 Q Kk
VR IBE,  Fh IR (37 SR R AL 37 S A . I 2 s S
AL BT AR, B SK 2 (AR 5N B RAGiz 7L iEd,
AT AR e s 2%, BRIL, it iR B B2,

49 7 X 5% R U A2 R 1 R 3 S Bl B L AR S 1 1 R
I 9 2 HH A OGRS AiF EL B A BRI 8 037 AR 4, 76 S 0 20 i ) Kk R 7
HEAT 75 165 MR o KO3 S R e AR 0 R A T R 47 X A ' PR e 7 T
905 R A O READRE S, X L RO 3% S AT SR 20T, 060 IR AT A B 4 5 7
FE 1P S5V B 0 £ (B RO BRI T, S BT 5 L B
SRR 1 IR S PO T A R

(D JEIHIRE: BT K375 A SR B, BT I 4
5, WSR2 AR B R . KRB B RN 37 a B BIR F I
o PR UGS S P A (MR B B /NI b, RS B a R 535 5
bR, (RIE R G S T MR B B AR 1, B RS TE,
TR UG43 S SRk B B bR sk ok

(2) PREERTIIEEE: SEREIRERR. 55, BEmRANERY
FAEIHTIR Hi S B, WHERGFEN ST SRR 2 A KgE
R, I MREE B RN B a B IE R BT RS, B LR,
B 7 T SRR B B AR ER AL

(3) B TR ERE, WK R4, IPEE R
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TPRAFEG S ARG SCI R NAER] — I 2T AR BME -

AR SR I 3 357 008 5 SON R RIS, AT SR ] LR U 2-3 Bk

1 T )

A 4

He T SRR IR A IO XU 37 5 2E AR
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=
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M7 SR B R EES , RAERPRINT
S WEGRESS hEE.

APR 2. T EENM R
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FEEHHN=n-1.

L4 s, BAENENSSES,, RN ENZSMED, =p,+p .

APR 5. REIEER 2, HZE S HHEIRY S H Bk € A, LR Ik
R

23t BIRPRR, AR IR S KR A SR, RS M HIRE, BT
WAL R MR s O IAE S AR, LS5 UR 1 e Be & o HE LIV G % A 3fe
FRSERRIIMERE . (REE 100 M7, FHRIEE S 95%U EIMER S i 4585
[ HR, BB R 5 M, IREEHITE 10%ELN .

2.4.4 EH5Hr

AR B RO HS JJ 8 D3 e K 10MW . ABass H i BE I Bkl T=24,
TR EIRE At=1h, BE o, 5 o, BUEIIN 0.1, BARIIASHAN 3R 2-1 Bos.
% 2-1 ROLTh M43 1
I B RHE/MW  SGR/MW B RHE/MW  SER/MW

0:00~01:00  N(3.5,0.1%) 0 12:00~13:00 N(2.6,0.12) N(7.4,0.1%)
01:00~02:00 N(3.8,0.1%) 0 13:00~14:00 N(1.7,0.12) N(7.2,0.1%)
02:00~03:00 N(4.3,0.12) 0 14:00~15:00 N(3.2,0.12) N(7.4,0.1%)
03:00~04:00 N(4.9,0.1%) 0 15:00~16:00 N(5.9,0.12) N(6.5,0.12)
04:00~05:00  N(5.1,0.12) 0 16:00~17:00 N(3.9,0.12) N(5.5,0.1%)
05:00~06:00 N(4.1,0.1%) 0 17:00~18:00 N(5.1,0.12) N(4.8,0.12)
06:00~07:00 N(2.6,0.12) N(3.8,0.12) | 18:00~19:00 N(8.8,0.1%) 0
07:00~08:00 N(2.4,0.12) N(3.9,0.12) | 19:00~20:00 N(8.1,0.12) 0
08:00~09:00 N(3.6,0.12) N(4.5,0.12) | 20:00~21:00 N(5.4,0.12) 0
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A7 R B ) R G GEIRIF LA 5 O SR 1 SR B IR R . RIS AT FL T R ST B
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MR A ERE, WHETASEkTEE B (5-12) #471HE: =
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