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Bi-level optimization model for load supplying capability in active distribution network
based on chance-constrained programming
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Abstract: Different from traditional distribution network, the controllable distributed generations assessed to Active
Distribution Network (ADN) could participate in the economic operation of distribution network. The output allocation of
controllable distributed generations is determined by the economic schedule strategy for ADN. In order to maximize Load
Supplying Capability (LSC), controllable distributed generations usually work at rated state, which departs from the
pursuit of economic operation. The contradiction has an impact on LSC. This paper highlights a bi-level optimization
model for LSC of ADN based on chance-constrained programming. The upper-level model aims at calculating the LSC of
ADN, and the lower-level model is to allocate the output of controllable distributed generations based on economic dispatch
principle combining the characteristics of ADN effectively managing controllable distributed generations during the process of
load growth. Finally, the modified IEEE 33-bus distribution system is taken as an example for verifying the proposed model. The
results show that the LSC which meets the requirements of ADN economic operation is acquired.
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Fig. 1 Logical structure of bi-level model
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Fig. 2 Solving flow chart of bi-level optimization model
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Table 1 Installed capacities of distributed generations
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Table 3 Output power of controllable distributed generation
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Table 2 Load supplying capability and operation costs

in active distribution network

HR AR BAT A G FRAE RS S1/kW
K EA TR 3098.1 4746
A% R AR 31873 4769

MFE 2 W LUE Y, FEVHE S S Kk
A 7 Bt R 2 R mT 4 2y A 3 R 8 B U 1452 M)
Jei s, TR S R A B RE ) A S Bl C L Y B AT A
HITEAG. FRE oA IR TG,
KALHLRE T 4769 kW BRI 4746 kW, [HIEZ1THK
A 3187.3 JuE 3098.1 JG, AT 89.2 JLIF KA.
FHUE T L, e 5 B H Y f KA H g EA T 9T
I, A5 H 2% R O S E F S A TR S R S, RENS 1S
BIFFAETHEATE R B UL AR T, SEIL B
HL W 22 4B AT RN 5 18 AT 2 [0 7 JE A 25 U

X3 4aH T E BRI R % S
VY B PR DLl o A R D
A GE R . FEAFE ELTFRE ISR, Aiask
PR ) B KA AT n] 45 0 A SRS AT AR RUE T
FRES AE— € S Aur 7K P B HE Y R s A7 7 2
SAPF BT AR &, AT EATHaTINEK.
M RE L ANAC RN ST B s s, BEAE eI
WK, FERANISAT MR EC M IS 1T AR £ 5 Hb
SyBL R AT YR D . Uik B K
SR, TR oA R IR S AT A R T ) K L
V) R PR JAR S BT LAk b T 48 AT X H AL 25 15
I3 AT TIN5 g B 1) K FL R D S AT k4 . (R,
AL T HEAR AR AT 5 B H A (1) B YA B 5 R
FIH, FELRUEZ s TR N4 Tis oA,
PR F A FELRE ) B R S e 3= B 0 H Y (1) SE B dis
(AR

TR IS W AN EEZE T kW
Al4 426.9 600
A25 571.1 650
A32 421.1 600

K4 515 20 T R GL T I S
II AR B A A o AE AT K R T, R
FEL i AT DA S 2 B 9t 20 A e AR 3 S P s . E
B4 vagn, SR — e, (HIE i
HEA AT PR W S g1 kE, Rit M&EsrifE
I, 2R 14 52k 17 04 Tl BR L f RE
BRI . T 5 DR 2 S R e ] s o A = e
TR 5 2 AR TR FEL I (R A o £ 14 R
17 BARISBIE M IR AW ERE, a9 i —e
S PEEARTE, (H RN S s A BETHE 2 20
K, AIBR T S

1.00
0.99
0.98
0.97
0.96
0.95
0.94
0.93

0920735 7 9 1113 15 17 19 21 23 25 27 29 31 33

Rl
B4 AMEX T REES BT

Fig. 4 Comparison of node voltage distribution under two modes
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Table 4 Load supplying capability and bottleneck

constraints under different areas
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