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Table 1 Parameters of energy-supply devices in IES

s BONEH RORE L RIRHER, RICHIR, dedr iy

PO g AW AW (kW emin®) (kWemin) (JE-kW-)
CHP 5 130 5 10 0.0149
FC 10 200 10 10 0.0090
GSHP 0 200 5 5 0.0311
GB 100 1500 5 6 0.0250
PV, 0 160 — — —
PV, 0 240 — — _
WT 0 1000 — — —
A1
w600 600 — — —
x2 HHEBEM
Table 2 Time-of-use tariffs
N W F FL A/ M/
B MR EE ki
B o s (7] B (I (KW-h)"] [IE- (kW -h)]
10:00 — 15:00
W i ’
BB e 0 2100 0.83 0.65
07:00— 10:00,
FEFBL 15:00— 18:00, 0.49 0.38
21:00—23:00
sepbps  23:00 B
7t Bt H 07:00 0.17 0.13
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Fig.3 Predicted PV power and WT power

350
300
250
200
150
100

IR kW

00:00  06:00 12:00 18:00  24:00
Fisf %1

— B 1, - HLGRT 2, o LA 3

----- HLGART 4, BLBART 5, - ABURT 1

——— R 2, PR 3 e PR 4

B4 B SR ERNE
Fig.4 Predicted electric and thermal loads

WREMM o0=5% u MIES ST,

T L B 25 B D) FR RE 2 H  0.52 J6/kW
HE A 2 10 B T R R FE B R 0.42 JT/kW, H
BB ey DR BRCB T R R A2 2R R 4 R 0.612
JG/ (kW -h) il 0.452 J6/ (kW -h) , 1R 9% B {0 H1 BE LA
K HAhE AR 9 H 40 0 o 0.32 J6/ (KW -h) 1 0.22
J6/(kW-h),

ARATFIH 3.3 TR AT CVaR W TES 3%
A BRI ALAE MATLAB 52 30X TES 5501 1) 28 5% A
BEGG BT, W BE T R =24 S A7 BRI [E] oA A=
1 b &40 T ML 7 RS B A9 00 3R A1 a2 e B0
1000, 2837 5 B 5 19 3 1 e & 5080 N, =20 it
LA FE AR 530 1 3% AR IR Bl S 200 5 05 EL T Y
AL CPU M Core i7- 6700, F 4 3.4 GHz, WAF%
w4 8GB,
42 RS
42.1 FBAZNKFAAG AR A

R EAG K B X BAS R A | o ik
B=0.80.0.85.0.90.0.95 Flffi & 54 (B B=0)F 5
R 5 B 5t AT X L A B, R 3.4 15 T i 3 1 ek
LT LA S R N 5 ISR A D7 % 3.3
20 B i b o e A | R ek P o N R E i
BT 9159.9 J6 LA KR [E] B A5 K F T VaR
CVaR WIE & 5 Fis | 4% B A5 K F Koo e Pk 1
T—RHRFEHERE & A B gLk 3 i,

T 6 E A M S A A K R R
Y LB % AT E M T 1Y IES &3 s 1T

——CVaR ffi, —— VaR

5 AEEFKTETH VaR 1 CVaR 3L &R
Fig.5 Comparison of VaR and CVaR among
different confidence levels

K3 AEAERFKETRHEEEHENSE
Table 3 Allocation of electric and thermal output
powers among energy-supply devices

for different confidence levels
S/ (kW h) SR IIEC / (kW -h)
CHP FC Grid GSHP GB

B

0 11432 26054 2814.8 2513.7 14193.5
0.80 17415 2759.4 2012.1 2287.1 13642.0
0.85 20282 2527.0 1953.1 22659 13291.0
090 1607.8 2727.7 2336.0 3000.4 13103.0
095 1738.0 2091.0 2831.1 2949.0 12985.0
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Fig.6 Nodal maximum and minimum voltages
of electric subsystem

100.0 100
995 _
g 90 2 9
= 985 =
= 980 #® og
®E 975 e
97.0
96.5 97
1 2 3 4 1 2 3 4
I T R RS W T RGN KRS
(a) B=0.90 (b) B=0.95

—— R (), —— /M)
—A— B RAEL (), —=— B /MEL (AT
B7 RANFREEZEHTTAEREBEERK &ME

Fig.7 Nodal maximum and minimum temperatures
of thermal subsystem
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of gas subsystem
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Table 4 Simulative results for different unit power
adjustment costs of energy-supply device

cr E/JG VaR /JC CVaR /JC
25% cqy 7057.1 8513.7 8517.1
50% cro 7119.8 8383.5 8389.3
75% cro 7108.4 8109.4 8114.7

cro 7013.2 7817.9 7829.1
1.25 ¢xo 7032.6 7468.2 7479.6
1.50 ¢xo 7063.8 7340.0 7351.9
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CVaR-based economic optimal dispatch of integrated energy system
HU Hao',WANG Yingrui’,ZENG Bo',ZHANG Jianhua',SHI Jiaqi'
(1. State Key Laboratory of Alternative Electrical Power System With Renewable Energy Sources,
North China Electric Power University,Beijing 102206, China;2. China Energy Engineering Group
Tianjin Electric Power Design Institute Co.,Ltd.,Tianjin 300400, China)

Abstract: Aiming at the risk brought by the uncertainties of both supply and demand sides to the
operational dispatch of IES(Integrated Energy System),CVaR(Conditional Value at Risk) theory is introduced
and an economic dispatch model considering the uncertainties of IES in wind power output,PV power
output,electric load and thermal load is built,which takes the minimum risk cost of IES operation as the
objective and considers comprehensively different constraints of power network,natural gas pipeline network,
thermal pipeline network ,unit output,etc. The model is transformed into a bi-level optimization problem and
solved by the fast particle swarm optimization algorithm and the interior point method. The influences of
confidence level,multi-energy flow constraint and unit power adjustment cost on the operational cost are
analyzed with cases,which verifies the effective application of CVaR theory in the economic dispatch of
IES.
Key words: IES; CVaR theory; uncertainty; risk cost; bi-level optimization; economic dispatch



