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Fig.l1 Architecture of railway 10 kV distribution network
integrated energy system with hybrid energy storage
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Fig.7 Simulative results under Case 1
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Table 2 Sensitivity analysis of investment cost per unit capacity for CHP

CHP B {75 BES % %% SCH# HS ¥4
VAR pys cpug ST — T T —— Yy ™ F{ET
E%IXEBMX / BRI /KW R /KW WERE / JRRME / waaa/ YPRRE/ Basa/ YIRRE/ VR /5T
[J6+ (kW-h)™] (kW-h) kW (kW-h) kW (kW-h) kW -
4500 2.17 1.10 50.00 21.82 1.46 1.96 6.30 0.56 2.3467x10°
5000 2.13 1.10 50.00 21.77 1.46 1.96 6.04 0.56 2.3476x10°
5500 2.07 1.10 50.00 21.76 1.46 1.96 6.05 0.55 2.3483x10°
6000 1.72 1.10 50.00 21.68 1.46 1.96 3.98 0.45 2.3489x10°




E5H B3 AF A IR A AR BERYEREK 10 KV CH 255 AR IR &R 5 LRI R}

®3 CHPRAUBREBIZHZRARYESN

Table 3 Sensitivity analysis of maintenance cost per unit capacity for CHP

CHP 23 75 5 ) ] BES % %% SC¥ HS 7% . .
‘4291?—1(\ i CHP ZJp5 GB J1% N =N % NI A=A %2 BEL (5 NI A=A 2 BEL (5 AR
B4/ WA /KW BRME /KW WERE/ YPRIRME/ B&5E/ YPRIRE/ W&EE/ URRE/ kA /It

(G- (kW-h)™'] (kW+h) kW (kW+h) kW (kW +h) kW -

0.01 2.17 1.10 50.00 21.82 1.46 1.96 6.28 0.56 2.3467x10°
0.02 2.15 1.14 50.00 21.80 1.46 1.96 6.04 0.52 2.3478x10°
0.05 1.18 1.20 50.00 21.56 1.46 1.96 1.53 0.24 2.3508x10°
0.10 0.58 1.26 50.00 21.45 1.46 1.96 0 0 2.3534x10°

425 ARARBREESHT

R BT BRI SR A 88038, AR 35350 4% 2.5 10 min
8] J3E I T U8 X A Y AT SR A , 15 ek ) A 25
RUNFRAFT7R . oI R AT, Bl 4 32 Ik ) RUEE 1) 1
R AR BRI ] R 4 4o e 1 LRSS 2 v ] 32
B B ROBEAFAE 25 57, B LIOGAR e A0 43 2 S A AL 20
ANTR], 38 A S AT B A 22 57
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Table 4 Calculation results and calculation

time of model

At / min SEHAE RNAS / JT TEE /s
2 2.3467%x10° 3616.12
5 2.2997x10° 228.81
10 2.3412x10° 18.78
5 %t

ASCUAER B 10 KV FCHL R G DR FE % 4, ar
T EIRGAEREM LI 10 kV L HL 255 REVR R G AL
RIBLAY 5, R EMD J7 A 2 HL 1Bk h 2k
1 IMF 736, IF 53R 2R 0 S 80 5 T
AR A i o LR REGAR o fe RS R H
H BT far K FDGAR ) KA il R 3 e, AR
5, BT ZRE A B AT MU S 80 SR A it
REMY L3 G RE IR R G LRI EAY  JF 4 55 A B 6K =
Wy AN SCI N RS H ., e, T
FEl 6 75 BBk % 10 KV T HRL 19 S B 00 K8 , S8 0iE 1
JIFERASERY (A RO E AT AT 3 5 0 434 Rl A
IRAHREE A LR G REIR R A e A B 43 A X aE IR
D2 8l IH T R AR I 2 55 30 4
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Integrated energy system planning of railway 10 kV distribution network with
hybrid energy storage
XIAO Fei,WU Mingli, HE Tingting
(School of Electrical Engineering,Beijing Jiaotong University, Beijing 100044, China)

Abstract: Aiming at the energy demand of multiple types of energy for railway 10 kV distribution network,
a planning model of integrated energy system for railway distribution network with hybrid energy storage is
proposed. The architecture of regional integrated energy system for railway 10 kV distribution network is
designed. In view of the demand of suppressing photovoltaic output fluctuation,a method used to extract the
high frequency components of photovoltaic output based on empirical mode decomposition is proposed. And
combined with the typical daily load data, the scene set considering various demands of suppressing the
high frequency components of photovoltaic output is generated. On this basis, the optimal allocation model
of integrated energy system is established taking the minimum of the equivalent annual total cost as the
objective, with the operation and power balance of hybrid energy storage and integrated energy system as
constraints. The mixed integer linear programming algorithm is used to solve this model. Finally,a railway
10kV distribution network in North China is used as an example,the effectiveness of integrated energy system
integrated with hybrid energy storage in suppressing the distributed energy output fluctuation and improving
the system economic benefits is analyzed and verified.

Key words:railway;distribution network;integrated energy system;hybrid energy storage;photovoltaic;empirical

mode decomposition;high frequency component suppression;planning
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Table A1 Equipment capacity and cost parameters

CHP ## GB %%
Wt
ity E3ivn) ity ZA
7 b PR/kW 10 10 10 10
B RAIGE -+ kW) 4500 3950 340 320
B AIOC - kW - hy'] 0.01 0.01 0.02 0.02
NP RHE 040  KHME 037 [
BATHR FIHLE 045 BIHLE 0.42 FIFARR 091 HIIFARER 0.90
WA AERR 25 25 20 20
TA2 RERERENEASY
Table A2 Capacity and cost parameters of energy storage equipment
wi BRER RHOI%E AR Wigf EGHPRN R . W SOC SOC W
4 (kW - h) FRAEKW  [7G - (KW - h)"] (E’_‘ W) [t - (kW - hy] o i soc T EFR 4ER/Aa
BES fi#% it 50 25 640 1000 0.005 0.9 001 05 09 01 20
SC fi% & 50 25 27000 1500 0.01 0.98 001 05 09 01 20
Htit B 50 25 35 1100 0.08 0.88 001 05 09 01 20
* A3 BEGE S
Table A3 Typlcal scene parameters
EL WEl 75 W3 758! W5 Y5 6 WET 58 W9
B 971 i £ KB IKW 112.30 112.30 112.30 222.84 222.84 222.84 53.02 53.02 53.02
A B KA IKW 0.60 0.60 0.60 1.22 1.22 1.22 0.33 0.33 0.33
FeAR H 3 e K AB KW 6.77 6.77 6.77 10.16 10.16 10.16 3.39 3.39 3.39
SIRSHN, 1 2 3 1 2 3 2 3
FHECRE Mg 40 40 40 40 40 40 42 42 41
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