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ABSTRACT: The relatively poor power quality, low capacity
utilization and high electricity costs in the existing railway
traction power supply systems (TPSSs) become the pain points
for the railway and power system sectors. To tackle this issue,
this paper proposes a railway virtual power plant (VPP)
concept based on the flexible interconnection technology for
different phases in a TPSS, which achieves economic benefits
improvement on the premise of meeting the technical
indicators for grid-connection. Besides, a carbon emission
reduction regulation strategy is put forward and a capacity
design model is constructed. Firstly, the primary architecture
for the railway VPP is established. For the trading requirements
of the carbon market, the railway VPP carbon emission
reduction regulation strategy is proposed. Moreover, the
railway VPP capacity design approach considering the optimal
economic benefits is put forward. Finally, based on the field
data and the typical operating conditions, simulation
verifications are performed. The results show that, the daily
power consumption of the electrified railway in the 3-phase
power system is reduced by 10.72%, the regenerative braking
recovery rate is 85.2%, the average power factor increases from
0.60 to 0.93, and the electricity bills are decreased by 54.54%
during the project period, which verifies the important
theoretical and engineering values of the proposed railway
VPP.

KEY WORDS: railway traction power supply system; flexible
interconnection of different phases; railway virtual power plant;
carbon emission reduction regulation; capacity design

T AR A ] i RGBOE R R RE IR BRI
B P 20 B B0 P B A AT ML e it BRI
TAARAE IR BBk R I ) B, A R s R

HEEWB: EXREARRERETH (52377124).
Project Supported by National Natural Science Foundation of China
(52377124).

MG FIZF R B AR, 7R3 2 B RE SR B T B R Fa bR a4
T, TWIAT GRS . BOE, BB R G
M RS, MRBTSHES TR, T He Bl B Bk
VA% SRR HE— DI, 3R — P R B R Ik i
P FEACE % wG, 2T S R B T,
T EIE, 45RRM: Frifekigm il i) 5 H BEFERRIK
10.72%, FEAHIZIFIHZER 85.2%, TIHThHREEM 0.60 L
F4& 093, TiH AN B EFIE 54.54%, HAHIBALRE
e

KR PR S A RS FARVE LR BRER AR
BRI AEE

0 5l

HL A Bk 2 5| L i) X S = A L ) RGiAF
TR 725, N Bk a= 5] ik H R St (traction power
supply system, TPSS)J& T #UR phabi P A 47, 43 FL I
ke T BN R . ToTh s e Ao )
tesh, BiE 2023 FJE, KEMAED 119000 km
B Ak S RN, TR BRI LM AR A 5] A8
FH, i (traction substation, TSS)[a] #H i@ & ¥ 40~50 km,
WA AT AT 2. SR, BT A4 RAT 410
R, RN 5| A H T R A7 AT 22 B0 R AL T RAIRK
F, ARG RE RIRIE A B R R AR R
ik, A5 RGEREAETIA T, W1 2022 4F
TRE Ak R 22 5] REFE A 758 14 KW h, TG
TREPEBR I IR Bh R . 45 b, Bkt Rt
FEXT L R LR T AL BRI SR P R AR S i
HL 3 R 4 AT M FR = R A T,

T AR, Bk K ) R YT 48 (railway  power
conditioner, RPC)ANWIaz F|26iE, L nTsedlaE 5] 42
FL T B 73 DX AR S8 PR ] P SR ELEEG, (R E  m]



13

TRURAE: BRER AR R LR HE AN 329

TR i BEAE 2 B U B3 R0, g2
M, GEISAHE M EEL, BT DL G ARG i R
itk BN MR BB A g R M, %
RPC Mk T2 IO AE B Hetee vt e g Do), s
AL R A BRI, W A AR AR 51 AR B
A FHEA S (point of common coupling, PCC)Ak i fg
B RS A G A RGO

SRS A TR AR 5 it R G 4 2R HLRE T
B FA s aeE moRDE L Er R IR g R ML
FRA RS TR B, (SRR TR R R G
B R, HLB B 1TV RE e f
AR S 5 RGP HBIIRS 15, 55—
JrT, S ST B EL ) (virtual power plant,
VPP B R 5 R0, T AR AL S
HTE S A e s A, HABER, #761E
SR RN FET Uk, FEE R i
IR A SR A o A 2N RE IR B L L R S B
AR POPAA ST, AN SO T R R A I SR
T EBCAES M RS, QISR H A R
] MRS R RGN ARG, DLERAE S| AR f T ],
ettt 2 5 A [ B HERORAE 5 T 35 (TR a 117 42) P
BRI VPP IR S S AR L E R R ITIRAN
WEIT, 53 T e S L B HE VR 42 B 2R R 25 = i
BRI, B, HET U4 SERR IRk AR 5] AR FL BT
S I R, WA T ks VPP 142 S g Al
R A E R AT S R

HPE T RPC SLIGAR il R Nk ig 425
B RGBT FOAH L, ASCHEA LU Al

D HETEE S 5RTn L5 0,
PEERST RPC Sk e it 7 1R 42 S DL &
MKMW ERE L, B&— e F o,

2) AU, BEREPRIRER S FTsaan ) %
FKAE T, BT RAF ORI RN, 2% 2B R

g5 b, AN AR IR AL
U, BB R AR AT B ks A S e RS
4 “ oy Bk ahh o B g 7 ) I A R B T R
BB H IR, NEI RS
TTRERERK . FORMIN, HEHBIR S SR E 2 1
T, LM SE TR RS R R, TR
“WRGEHMNEN RS TR, R&RETHE
LR IR B 2t o AR SO R RE DL L T 72 255
SRS S B2 5 1 ) T S E R T I I R B
B R 7 5] Ak L 2R G0 K R R ) e DL

ZEPBE RN, XFAsiskmiTRe R, P
2R OB A J Pk e v R A L 4 R 4 R A
TR L.

1 SREREEMAER] R R R

1.1 SKEREMR] B2

RERN LT — Rl OE i e S BB A B AR K
RS, KIS AR RIRTIR R AR AL,
DAEN— AR E 2 5/ i NIz 47 1
FLR D A B R G, R R UL SR A ) A
FL AR R AT B P S, LS AU R B R G
SEM%RGMBRRE 5T 5 R, WE LR,
H RGPS ARG S RIBE RGNS Rgumid(E
B RGBS K H R, (8 TR R4S B
WA H, fESEILA G K RIS AERFE, 258
RGBS -

Bl SREREEHIE EZERHFR

Fig.1 Primary structure of railway VPP
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Fig.2 TPSS structure in railway VPP
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Table 1 Detailed variables of the capacity design case
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Table 3 Regulation results of railway VPP under the different typical operating conditions

e ik VPP % R Pry/ soc APrss/ Sad Spel Pe/ ik VPP 1% 5
TH Su/(MV-A) S /(MV-A) 4 194 MW MW  (MV-A) (MV-A) MW Sd(MVA) Sg/(MV-A) 4 19A
TH1 6.32+0.26  3.84-j0.14 1.000 659 291 073 3.80 3.14+j031 0.66-j0.09 0.89 3.18-j0.05 3.18-j0.05 1.000 0
T2 244-j094  7.78-j0.61 0989 1404 000 083 104 -215-j1.53 3.19-j1.20 1.04 4.59+j0.59  4.59+j0.59 0.992 0
TH3 1.88-j0.15  6.29-j0.47 0997 1163 113 010 067 -127-j1.19 1.94-j151 -046 3.75+j1.04 3.75+j1.04 0964 0
T#. 4 565-j0.35 -592+0.11 0.747 3039 147 067 273 7.15+0.09 -4.42+j055 126 -1.50-j0.44 -150-j0.44 0960 O
TH5 540-j0.68 —2.80-j0.11 0.957 2157 0.00 0.88 1.26 4.73-j0.65 -347-j0.08 1.26 0.67-j0.03 0.67-j0.03 0999 0
T 6 4.06-j0.62 —3.65+j0.65 0.997 2050 091 010 091 4.31-j057 -3.40+j0.70 0.00 -0.25-j0.05 -0.25-j0.05 0981 0
T 7 -7.03+j2.04 -1.36-j0.09 0974 1590 197 062 323 -122+430 4.45+j2.17 126 -581-j2.26 -581-j226 0932 0
TH 8 -1.18+057 -4.20-j0.05 0995 809 000 071 126 214-j0.09 -0.88-j0.71 1.26 -3.32+j0.66 -3.32+j0.66 0.981 0
T 9 -0.73-j0.15 -0.10-j0.38 0.840 174 115 010 021 -021-j0.03 042-j026 -0.94 -052-j0.12 -052-j0.12 0974 0
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