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Abstract: This paper focuses on aggregating decentralized demand-side resources through virtual power plants
(VPPs) to enhance the peak load management capability in the construction of new electric power systems. The
research centers on the core issue of “load-based” virtual power plants participating in power source planning. Tt
investigates the modeling methods for the adjustable potential of virtual power plants, including electric vehicles,
air conditioning loads, and industrial loads. Moreover, the paper delineates the economic and operational technical
constraints of virtual power plants in power source planning and constructs a power source planning model that
accounts for VPPs. Considering the prediction errors of renewable energy and the characterization errors of the
VPPs’ response potential, the paper utilizes interval optimization theory to reformulate the model into an interval
planning model and completes the deterministic transformation of the model through interval order relations and
interval possibility. The rationality of the proposed power source planning method is verified through a case study.
The results show that the proposed method can effectively aggregate VPP resources, significantly enhancing the
system’s peak load management capability. The constructed interval planning model can effectively handle
forecast errors, ensuring the reliability of planning. This method provides an economically feasible solution for the
transformation of the source-load structure in new electric power systems. It is evident that the aggregation and
optimized dispatch of VPPs can significantly enhance the flexibility and reliability of the power system.
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Fig.1 The meaning of adjustable potential of virtual
power plants
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4) THLEEME T EANDEH R HH L
HELHR
0= Painiyne =%y Pocinic [ Svrrs | (43)
0= P aiyiim =Xy Pouiim [ Svers | (44)
5) S HAFREME) AKX HELHR, &
T ETRAR
0= Pyaniye = %y Pevic [ Svrrs | (45)

0= m%ﬂ PEV,dis,i,k,y,l m = X PEV it [gVPPvi] (46)

Xy Eevie | Svers | = Eeviynr = %oy Eevie [ Surni | (47)

3.3 HREVEY R TE 1A IR
AR SR X T8] Fr 2% 2 1) 5 5 AL BEAS B € H b
R, A HLFEAL v iR XA UE S AR E I E
PEZ HAnOUAG iR, DAREAE PR ge i B2 AL U ik
BEATSRES), RN
min £ (X)=(1=p) fc (X)+ BT (X)  (48)

IR 7B s 1 RS BT, 5 AL A 7
R 0, WU gRsk et H FR oR B T3 38
TR AN 52 78 73 SE A AT o

SRR T B AR KT, R X (]
DEACHERIIN, TSI ART, AN E L AU
Jr BE AT BEBE K T AL, 4 5E W REREA, T
7X(49). 2 (50)H5 2 FEIX AIANSE S AR AL b 2 1
g/‘jﬂi:

P([A]J<B)=i1=(1-1)A+1A<B (49)

P(A<[B])=i=A<iB+(1-1)B (50)

4 B Hr
4.1 BHIEE

A G SR D R Gk NI 5
(AR5 LRI AT R S8 FYR G BN LA
A 15450 MW, HoArk EE 71.2%, BREYR &4 L
23.6%. MRS KRG Al EL 18 461 MW,
SRR T 46.4%. RGP &Rk
BEHEARSEFSHNE 2.

R 2 FHERBERARZFSH
Tab.2 Technical and economic parameters of the candidate
power sources
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B LA s 52 iz 4k B IBAT AT
KM BIMW (T kWD) #hFIGT KW-) (6 KWL
KHLL 200 4750 80 0.125
KHL2 300 4100 100 0.099
R F 50 3250 150 0
Jetk 50 2750 165 0
FERRRMBLIETTTH, RIE RS ATHAMIE,

W SRR AL RSN KOy 2 he B
[ N BAT T3 R, D e AUL R 0 P s P B
Wil RGHEELH) MR S2FSHIE 3.
I, Wl SRR, &
PRI IR BE VR A B (5 L IA 2 30%. R HTRE
%ﬁﬁﬁ%ﬁ%%+m%,@M%fW%ﬁﬂDﬁ
Z£N+10%, H xR SO 7 H 0.1, XA AT RE
1 0.9,
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Tab.3 Technical and economic parameters of the candidate
virtual power plants

VNN —Br B i 1924
FERNRE) T BALENY mORmIN HAm .
S ey A 0 T/ T VT
e L kW) BFK/h NIREL GEKWD (o kW
231 805 2 1 3 6
EiF7 pawe 660 2 1 2 4
n] e
T 500 2 1 3 6
R
T 550 2 1 2 4
42 EHIERE S

SR FH e 478 DX 1) A0 ) 5 8 SR A28 2 498 6 0 ) 190 N
(LRI 5 IR A K R SU IR BT R AL
DLUNEL 3 . BB 3 ATLAE HY, AL Py s T
PR B RIFIR S, XA AT IGES.
Horb, SBrReUR S B AR RIS IE AL — € L g
(PR, AR A AT AR BB K
RN ARSE T R G0 R A g, i R 48
WA RFEEIE R, 26 125 5 KA
NRSRE B
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Fig.3 Production results of power sources during the
planning period

A RMW

T

#

REPLH) T TERURIHA N AR BT, AR
WK B ) RN & CIA S 77 IR 1
6.8%, HAEETIFBEIE 3 MW, HENIEE
LT 35 MW, 1] FR BT b 67 faf E LR 450 MW,
AR T AR A R AU 774 MW,

P 4 SRR AR RO R R
RGBT For KB/ 3R RIS TE £ e
FoRARMGHS, K Hh th 7R B R (0 B AR IZ AT K
KL A FRTE TR RIS B AE R, K FREFR AL
. HE 4 AL, BRI e I
12 086 MW, iS22 5076 MW, 5 faf 643
%8 9151 MW, TEUEARf I %1 20:00, K& RGH
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Fig.4 Operation situation during typical days at the end of
the planning period
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Fig.5 Detailed operation results of electric vehicle virtual
power plants during the typical day
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Tab.4 Comparison of production capacity of power sources
with and without virtual power plants

o REAL A H AN AL

YRR 2 PR 3 2
KHL 2200 3600
NN 7 150 7150
Jetk 7500 7550
SR 1262

£ 5 0 2 ORI RMAETHST L. R 5 Al
W, AERET R Zd, SRR RAN
25.226 1475, JIBAT AN 149.666 1070 . & R4
]I R, BB AR PR 23.483 1276,
MIZATRARIR SN 150.336 1270, BTS2, R
B Z 50 EMNE, T8 RR 0 RAEKT
1.073 1270, 1EfRBERGIRAERE IR, M T R
G2

%52 MK ARBEFERT L L X VREI4VTH
Tab.5 Economic comparison between two planning schemes

4.3 XEMXI BB RED

4 AT 2 R Re VR TR 1 22 55 R A0L LT e
TE 7 Z0) ) R 2 T XA KA B 5 B 4SS Y (] (1)
ZE5), AT T 4 R

HB 1 A SRR TN R 2 5 R
R IZE R ZE, SR FH AR A SR AR FR ™ 7 &

H 2 AT R AL R ) % R
SR FH DX TA] A A 28 SR A FRLUR 5 7 77 6

Hp 3 AEEH RN I TR %, R
DX T A A 2 SR A L5 7 7 %8

Hp 4 FIREEHREIRHN R Z S B R )
M) 82985 ) 20 15 22, R P DX (] R0 RIS 28 SR At r 5 4%
AT, B A2 AT R,

4 T SELAG BT A R R K HA P EL IR 1 45 A A
x7,

#7 XEMKSRAER MRS RIE  BA MW

Tab.7 Comparison of planning results between interval
planning and basic models

y L) RE R )
AR f 7 7
FIRI I A 173.819 174.892
FR B A4 AR 23.483 25.226
R B AT A 150.336 149.666
MR T B AR 1.439
FEAL T A 0.183

TiH K JAH, Jetk RERLLH)
1 2200 6 450 6750 1138
Bl 2 2 400 6 450 6 800 1327
B3 2200 7 150 7500 1161
Bl 4 2200 7 150 7500 1262

*® 6 NAFS AR T REBT A B .t
R 6 AT, BEE A IS LS R E D
BB EIN . W TGRS B T R TR
Mo bifig, RIEITHR T AT He A 2 SR
Bz, SO S AR A KRS
PRI BRI BK o 1025 8 S A 1 Al v 7 i
fif, HH JJBONIEE, WK AT TR BRI S .

*6 FRIHGAETRIRRTFEN

Tab.6 Comparison of power supply capacity under
conditions with different load capacities

B R TR
- MW MW MW MW

80 2200 7100 7350 1142
Tk

100 2200 7150 7500 1262
i

120 2200 7200 7650 1382

50 2000 7150 7450 1197
75

100 2200 7150 7500 1262
A1 faf

150 2400 7150 7550 1327

A 80 2200 7150 7450 1241

AT 2200 7150 7500 1262
A g

120 2200 7150 7550 1283

http://rifd.cbpt.cnki.net

R 7 Af L, FERERBAEAY G 1 b, XUHHT Y
BN 6450 MW, SUHRGETIE S BN 6 750 MW, &
O Er i N 1138 MW, MIELEGI 1, 54 2
BB 8 T B N 2R %, RX
RZEMAETE, AT L) [ SRR R A B
(AR, APRUESRIERT ZI R G R TER, AL
RS BN T 189 MW. AHELEG 1, ) 3
B0 8 TR I BUNR 22, N T B ORAE
RV EN R HT R B E B IE R RIS E H
B, KUHAIGAR (3= 25 8 43 3G 1 700 MW Al
750 MW, B 4 ZRE 8T 2 MRz kR, Fit
Fo R etk R AR S E G 1A
A= ERIg . ml WL, 25 SR RRIR IO 5% 22 5 R H
J e R R E R ZE S, HTREIRA A S R
BRI SR

8 JEIR T SCHR 2714 R S AR A
(7755 A S AT X AR A 7 ik 2 SRxt . m
K8, HHELEBMILI i AR e, XA
PeAG AT DAAR 48 S Br A 0 1 e B 4 5 B A B
RIT%E, B TdZrNR.
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Tab.8 Comparison between interval optimization and
robust optimization results

SlE| K H/ KHLS FeRI RIS RUBAL

% MW MW MW MW 25t
X ) Ay, 2200 7150 7500 1262 173.819
ERERAL 2200 7200 7 550 1435 174.384

54 g

ARG IFIAE T — A4S A R R 7
NRGIRITTE, IRNGFD T HAESE 5B ) KRG %
S TR LR RO B REIR PO A .
BRI .

1) #5E F R BHIR R LA e, B AERT AL
TRGEHGINKE A S F R MBI, XL RO
It ARG R EVEMAT R B REE ., JEHAZREL
HLJ IR AT R IEAY BRI A L
A, s s 1 R GHEAT A R -

2) Bk 7 2 SRR X R R 59k, SR )
Wi, P DX TR 75 42 RE % 1 B BE IR - I 4
AHENE, ARG B R E A, £
BT RGIIN R, 2R T RS E
i R A AL, IR 1 AR SE L ) R G Y
Iz IE RIS

3) R AE N S E R, AR OTTE
JE BT RER T R ZE AR A L ) B iR,
5 1 RIS TR T T S B R 1 rR AN E 1 B3 R
AERENE, Sw 1 TR -5 i SRR
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