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(Development of a Transmission/Distribution Integrated Analysis Hybrid Algorithm for
System Operation Platform Including Distributed Generation)
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(Chong—Suk Song - Jae—Wan Suh - Moon—Jong Jang - Gil—Soo Jang)

Abstract

Owing to the increase in the penetration of distributed generation the DGs comnected to the
distribution system have an effect on the system conditions of the transmission system and
neighboring distribution systems. This makes the separate analysis of the transmission and distribution
system no longer valid and requires the consideration of both the system in the analysis process. This
paper proposes a transmission/distribution integrated analysis hybrid algorithm that would ensure the
accurate analysis of the system by reflecting the results of the transmission and distribution system
analysis on each other.

Different scenarios are being analysed in order to verify the effectiveness of the hybrid algorithm by
observing the effects of the DG connected distribution system on the transmission system and
neighboring distribution systems. The algorithm and simulations performed are being conducted by
MATLAB and the IEEE 30 bus system and a test distribution system has been utilized for the

transmission and distribution systems respectively.

Key Words : Transmission and Distribution System Integrated Analysis, Power Flow,
Distributed Generation, MATLAB
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x 1. 108 2M0of| SAHE BINAE HE FoEE(p.u.)
Table 1. Load infomation of the distribution system connected to bus 10(p.u.)

W 2 3 4 5 6 7 8 9 10 11
AZG5-3} 0 0.0087 | 0.0044 0 0.0058 10.0175+0.| 0 0 0.00087
(p.u.) +0.0056i | +0.0028i +0.00371 | 01111 +0.0056i
BZ+-st 0 0.0087 | 0.0044 0 0.0058 0 0 0 0 0.00087
(p.u.) +0.0056i | +0.0028i +0.0037i +0.0056i
CH-st 0 0.0087 | 0.0044 0 0.0058 0 0 0 0 0.00087
(p.u.) +0.00561 | +0.0028i +0.00371 +0.00561
zg 12° 13 14° 15° 16° 17 18 19° 20° 21°
Ay | 0.0073 0.00116 | 0.0015

(p.u.) +0.00471 0 0 0 0 0 +0.00751 | +0.00101 0 0
B8k | 0.0073 0 0 0.0062 0 0 0.00116 | 0.0015 0 0
(pu) | +0.0047i +0.0039i +0.0075i | +0.0010i

C&53k | 0.0073 0 0 0 0.0070 0 0.00116 | 0.0015 0 0
(p.u.) +0.00471 +0.00451 +0.00751 | +0.00101

E 2. 108 ZM0| FAE BEAS AIS HNN2EE(p.u.)

Table 2. Distribution line infomation of the distribu

tion system connected to bus 10(p.u.)

From 1 2! 2! 2!

5 5* 5 8 9 10°

To 2f 3 4 5

6 7 8 9 10° 11

A2~ | 0.0537 | 0.0090 | 0.0090 | 0.0358
(pw) | +0.0853i | +0.0142i | +0.0142i | +0.0569i

0.0179 | 0.0179 | 0.0358 | 0.0537 | 0.0179 | 0.0125
+0.02851 | +0.02851 | +0.05691 | +0.08531 | +0.02851 | +0.01991

From 10¢ 10° 13 14

14 14 17 17 17 20°

To 12f 13 14° 15°

16* 17 18 19° 20° 21°

Aol | 0.0090 | 0.0537 | 0.0358 |0.0054+0.
(p.u.) | +0.0142i | +0.08531 | +0.0569i | 00851

0.0107 | 0.01790 | 0.0054 | 0.0036 | 0.0179 | 0.0179
+0.01711 | +0.02851 | +0.00851 | +0.00571 | +0.02851 | +0.02851
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Table 3. Verification of transmission/distribution integrated analysis hybrid algorithm

109w dg SalA 1219 v A gk Su | 10,20,21H v A 7 2= A PSS/eE &3 3
5 34 5 g4 sua e | o0 T I aaan gz
R
Ky 1737 et 737 st A7t At N7+t At 1747t
(p.u.) (deg) (p.u.) (deg (p.u.) (deg) (p.u.) (deg) (p.u.) (deg)

10 1.02578 | -16.061 | 1.02612 | -16.120 | 1.02599 | -16.129 | 1.0259 | -16.054 | 1.02604 | -16.140
20 1.00902 | -16.935 | 1.00930 | -16.989 | 1.00917 | -16.997 | 1.0091 | -16.928 | 1.00921 | -17.014
21 1.01261 | -16.520 | 1.01298 | -16.596 | 1.01285 | -16.604 | 1.0127 | -16.513 | 1.01296 | -16.631
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Fig. 5. Single line diagram of the distribution system connected to bus 10
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Table 4. System active/reactive power loss due to adjustment of power factor
PF lead / AA&A 1 0.95 (lead) 0.9 0.85 0.8 0.75
As AA
o = 0.1717 0.1708 0.1723 0.1743 0.1765 0.1788
Als A
o= 0.6364 0.6362 0.6432 0.6515 0.6604 0.6697
3 +=24(MVAR)
PF lag / AA&2 1 0.95 (lag) 0.9 0.85 0.8 0.75
Als A
o = 0.1717 0.18 0.1858 0.1914 0.197 0.2026
3 =24 MW)
As AA
. 0.6364 0.6619 0.6809 0.699 0.717 0.735
F3 =24 (MVAR)
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E 5 SHS MYITIAR 2 - HEY By 29)
Table 5. Transmission system voltage magnitude(Case 2 : Low voltage phenomenon)

A
_ 2 3 4 5 6 7 8 9 10 11
HE
a7
( ) 1.045 1.02774 | 1.02022 1.01 1.01414 | 1.00470 1.01 1.03120 | 1.01417 1.082
p.u.
LR
- 12 13 14 15 16 17 18 19 20 21
HT
A=A
(o) 1.03038 1.071 1.01438 | 1.00947 | 1.01619 | 1.00947 | 0.99863 | 0.99543 | 0.99932 | 1.00154
p.u.
A
- 22 23 24 25 26 27 28 29 30
HE
A=A
( ) 1.00154 | 1.00210 | 0.99743 | 0.98502 | 0.96674 | 0.99083 | 1.00979 | 0.97027 | 0.95838
p.u.
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Fig. 10. Overvoltage due to DG operating at unity
power factor
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