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## 4671828721 : MAJOR ELECTRICAL ENGINEERING
KEY WORD: DISTRIBUTION SYSTEM PLANNING [ PROTECTION SYSTEM DESIGN / GIS /
CUSTOMER INTERRUPTION COST

SIRICHAI WATTANASOPHON : POWER DISTRIBUTION SYSTEM PLANNING
AND PROTECTION SYSTEM DESIGN WITH TOTAL COST MINIMIZATION.
THESIS ADVISOR : PROF. BUNDHIT EUA-ARPORN, Ph.D., 122 pp.

Distribution system planning is an essential problem of a distribution utility.
Appropriate distribution system planning is recognized as a complex problem due to a
large number of customer load points. The dissertation proposes a method for solving
radial distribution system planning problems. It consists of four main steps, ie
1) determine appropriate substation locations, 2) determine optimal routing, 3) select
optimal sizes of feeders, and 4) select optimal substation capacity. With this proposed
method the appropriate location and size of a substation, routing of feeders, and
appropriate sizes of conductors ¢can be automatically selected. Moreover, the existing
infrastructure and geographical constraints, e.g. streets, canals are also taken into
account in determining the results.

In addition, another important problem of the distribution utility concerns the
protection system design. To serve its customers with high reliable and low cost of
power supply, the utility must design an effective protection system. This dissertation
proposes a method for identifying number, types, and locations of the protective
devices in order to minimize overall system cost. The system cost includes investment
cost and customer interruption cost, both for permanent interruption and momentary
interruption.

The developed methods have been tested with an actual distribution system in
Thailand, and the RBTS which has been widely used internationally. The results clearly
illustrate the impacts of the geographical constraints and the momentary interruption

cost.
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Ref. S . .
No. Objective functions Constraints Results Mettggli?il(;)fg &

5 Sum of reliability - Capacity limits Optimal routings of - Non-linear modeled
costs, feeder resistive - Voltage drop feeders and locations - Simulated annealing
loss, investment and of substations optimization
maintenance costs

6 Sum of MV/LV - Capacity limits Optimal sizes and - Dynamic
substation cost and - Voltage drop locations of feeders programming
line cost and substations - Cost function of

lines and substations

7 - Sum of investment - Capacity limits Optimal sizes and - Optimal conductor
cost and the real - Voltage drop locations of feeders selection algorithm
power losses cost and substations - Minimal path
- Real power losses algorithm
- Feeder length - Heuristic rules




A = axA o 1 '
A1TNINN 2.2 S"Iﬂagl,’f)‘EJWIJEN'J‘EVIHHﬁU’OiUUTIﬂTIMﬁNG] (910)

16

Ref.
No. Objective functions Constraints Results Mettilgﬁir?iﬁugg’ &
8 Sum of connection - Capacity limits Optimal sizes and - Dynamic
cost, reliabilit_y c.ost, - Voltage drop routings of feeders programming
power transmission - Geographic - Linearization of line
cost, and constraint cost function
cost
9 - Capital cost - Capacity limits Optimal sizes and Multiple criteria
- System security - Voltage drop locations of feeders decision making
. and substations techniques (MCDM)
- Energy losses - Capital budget
- Environment impact
10 | Feeder losses - Capacity limits Optimal substation - Heuristics technique
- Geographic locations and feeder - Location-allocation
configuration method
11 - Cost of supplying - Capacity limits Optimal sites of - Heuristics technique
from substation to any | _ Geographic substations and - Genetic algorithm
load point conductor layout
- Sum of capital feeder
cost and power losses
cost
12 | Sum of substation cost | - Capacity limits Optimal sizes and - Fuzzy modeled
and feeder cost (fixed | _ Voltage drop locations of feeders - Tabu search
and variable costs) L and substations
- Radiality
13 | - Fuzzy economic - Capacity limits Optimal sizes and - Fuzzy modeled
- Fuzzy reliability - Voltage drop locations Of feeders - Multiobjective tabu
- Exposure - Radiality and substations search algorithm
(maximization of
robustness)
14 | Sum of investment - Capacity limits Optimal sizes, time, Mixed integer
costs, energy costs, - Voltage drop and locations of programming
and demand losses - Radialit substations and
costs of the system adiaity feeders
15 | Stage 1: Forecasting - Capacity limits Optimal sizes, time, - Clustering and
load growth - Voltage drop and loc.ations of Forecasting load
Stage 2: Sum of - Radiality substations and growth
substation cost and feeders - Non-linear
feeder cost (fixed and programming
variable costs)
16 | Sum of capital costs - Capacity limits Optimal sizes, time, - Load forecast
and operating costs of | _ Voltage drop and locations of algorithm integrate
the system . substations and GIS based data model
- Radiality feed
ceders - NODESIM algorithm
17 | Sum of fixed and - Capacity limits Optimal sizes, time, Separable linear
running costs - Voltage drop and locations of programming
associated with - Radialit substations and techniques
different facilities adiality feeders
18 | Sum of investment - Capacity limits Optimal sizes, time, - Pseudo-dynamic
costs, operating costs, | _ Voltage drop and locations of techniques
and energy losses . substations and - Shortest-path
- Radiality P
costs of the system feeders genetic algorithm
- Geographic
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Ref.
No. Objective functions Constraints Results Mettilg}i(l)il(;)fg &
19 | Sum of fixed and - Capacity limits Optimal sizes, time, - Quadratic function
variable costs of - Voltage drop and locations of modeled
substations and - Radiality substations and - Directed graph
feeders - Budeet feeders minimum edge cost
uaee network flow
20 | Sum of investment - Capacity limits Optimal sizes, time, - Spatial load
costs and operating - Geographic and locations of forecasting
costs of substations substations - GIS platform
21 Sum of investment - Capacity limits Optimal sizes, time, - Fuzzy modeled
costs, operating costs, | _ Voltage drop and locations of - Evolutionary
and reliability costs of | Radiality substations and algorithm
the system feeders
22 | Sum of investment - Capacity limits Optimal sizes, time, - Genetic algorithm
costs, operating costs, | _ Voltage drop and locations of - GIS based method
and line losses costof | Reliabilit substations and F deled
the system chabitty feeders tzzy modete
- Geographic - CADDIN program
23 Comparing generated - Capacity limits Optimal construction - Heuristic method
construction plans - Voltage drop plans - Multiple
construction plans
24 | Comparing generated - Capacity limits Optimal network - Heuristic method
construction plans - Voltage drop reconﬁgu.ration and - Multiple
construction plans construction plans
25 | Sum of'total fixed and | - Capacity limits Optimal sizes, time, - Linear modeled
variable costs - Voltage drop and loc.ations of - Directed graph
- Radiality substations and minimum edge cost
feeders network flow
- Budget
26 | Sum of capital - Capacity limits Optimal conductor - Linear cost
investment costs and - Voltage drop sizes approximation
feeder losses costs - Conductor selection
27 | Conductor losses costs | - Capacity limits Optimal conductor - Economical current
- Voltage drop sizes density based method
- Radiality - Heuristic index
directed method
28 | Sum of installation, - Capacity limits Optimal conductor - Economic reach
annual operation and - Voltage drop sizes - Loading range
maintenance and .
- Weighted average
losses costs .
deviation of the cost
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M3NN V.1 AWHULAZVUIAYDIYA THaAT InUA U U

Coordinate (km) | Load Coordinate (km) | Load Coordinate (km) | Load

X Y | (MVA) X Y | (MVA) X Y | (MVA)

1 1.83 1.04 0.033 | 45 | 0.758 0.851 0.083 | 89 | 1.221 0.493 0.053

2 1.833 0.843 0.083 | 46 | 0.757 0.769 0.083 | 90 | 0.776 | 0.451 0.083

3 1.641 0.774 0.105 | 47 | 1.392 0.972 0.083 | 91 | 0.747 0.413 0.167

4 1.606 0.715 0.167 | 48 | 1.397 1.056 0.033 | 92 | 0.957 0.338 0.033

5 1.857 0.706 0.167 | 49 | 1.377 1.131 0.083 | 93 1.032 0.372 0.105

6 1.782 0.671 0.417 | 50 | 0.902 1.705 0.053 | 94 | 1.142 0.414 0.053

7 1.756 0.62 0417 | 51 1.32 0.673 0.083 | 95 | 1.197 0.424 0.167

8 1.653 0.637 0.167 | 52 | 0.954 1.483 0.083 | 96 | 1.262 0.443 0.053

9 1.797 0.585 0.083 | 53 1.12 1.566 0.083 | 97 | 1354 | 0.393 0.167

10 | 1.774 0.533 0.083 | 54 | 1.143 1.543 0.017 | 98 | 1.366 0.302 0.21

11 | 0.814 1.662 0.105 | 55 | 1.156 1.638 0.083 | 99 | 1.137 0.231 0.033

12 | 0.664 1.667 0.017 | 56 | 1.187 1.634 0.083 | 100 | 1.008 0.22 0.105

13 | 0.738 1.672 0.083 | 57 | 1.221 1.645 0.067 | 101 | 0.915 0.237 0.033

14 | 0.891 1.632 0.083 | 58 1.11 1.595 0.083 | 102 | 0.877 0.105 0.017

15 | 1.011 1.704 0.017 | 59 | 1.248 1.661 0.033 | 103 | 0.738 0.188 0.033

16 | 1.016 1.676 0.083 | 60 | 1.246 1.602 0.083 | 104 | 0.792 0 0.033

17 | 1.014 1.649 0.133 | 61 1.27 1.736 0.167 | 105 | 1.285 0.148 0.083

18 | 1.373 1.293 0.033 | 62 | 1.214 1.525 0.167 | 106 | 1.283 0.087 0.053

19 | 0.893 1.409 0.017 | 63 | 0474 1.812 0.033 | 107 | 1.301 0.037 0.21

20 | 0.788 1.468 0.105 | 64 | 0.751 1.844 0.033 | 108 | 0.201 1.311 0.033

21 | 0.756 1.472 0.105 | 65 | 0.821 1.806 0.105 | 109 | 0.135 1.209 0.033

22 | 0.599 1.482 0.033 | 66 | 0.769 1.922 0.017 | 110 | 0.038 1.222 0.033

23 | 0.548 1.254 0.083 | 67 | 0.381 1.899 0.083 | 111 0 1.005 0.033

24 | 0.557 1.343 0.167 | 68 | 0.524 1.88 0.053 | 112 | 0.16 1.037 0.083

25 0.59 1.417 0.133 | 69 | 1.279 1.805 0.167 | 113 | 0.321 0.823 0.053

26 | 0.638 1.447 0.167 | 70 | 1.619 0.381 0.053 | 114 | 0.965 0.562 0.167
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Coordinate (km) | Load Coordinate (km) | Load Coordinate (km) | Load

No. No. No.
X Y | (MVA) X Y | (MVA) X Y | (MVA)

27 | 0.677 1.432 0.267 | 71 | 1.663 0.309 | 0.105 | 115 | 1.059 | 0.512 | 0.083
28 | 0.847 1.295 0.033 | 72 | 1.646 | 0.237 | 0.053 | 116 | 0.864 | 0.512 | 0.267
29 | 0.691 1.155 0.083 | 73 | 1.996 1.052 | 0333 | 117 | 0.494 | 0.591 0.267
30 | 0.691 1.099 0.017 | 74 | 1.907 1.34 0.105 | 118 | 1.851 1.816 | 0.083
31 | 0.755 1.224 | 0.033 | 75 | 1.819 1.774 | 0.105 | 119 | 1.742 1.877 | 0.033
32 | 0.984 1.156 | 0.033 | 76 | 1.851 1.753 0417 | 120 | 2.234 0.36 0.21
33 | 1.055 1.276 | 0.083 | 77 | 1.853 1.666 | 0.417 |121| 2.701 0.402 | 0.133
34 | 1.057 1.209 0.017 | 78 | 1912 1.581 0.053 | 122 | 2.616 | 0.415 0.133
35 | 1.117 1.166 | 0.105 | 79 | 1.903 1.505 0.017 | 123 | 2.716 | 0.277 | 0.083
36 | 1.212 1.188 0.105 | 80 | 1.983 1.405 0.083 | 124 | 3.029 | 0.255 0.083
37 | 1.285 1.131 0.105 | 81 | 1.932 1.414 | 0.017 | 125 | 2.506 | 0.423 0.083
38 | 0.542 1.098 0.033 | 82 | 1.854 1.417 | 0.083 |126 | 2.511 0.335 0.017
39 | 0.527 1.047 0.083 | 83 1.91 1.373 0.083 | 127 | 2417 | 0.328 0.083
40 | 0.541 1.02 0.105 | 84 | 1.736 1.419 | 0.053 | 128 | 3.419 | 0.273 0.083
41 | 0.581 1.021 0.017 | 85 1.71 1.382 | 0.167 | 129 | 3.449 | 0.303 0.067
42 | 0.564 0.94 0.083 | 86 | 1.681 1.384 | 0.053 | 130 | 3.534 | 0.309 | 0.167
43 | 0.612 1.009 0.083 | 87 | 1.634 1.369 | 0.083
44 | 0.513 0.858 0.033 | 88 | 1.517 1.408 | 0.167
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GRIRRN U Usznn
gy | o0 a0 LTG0 b O | st

01 0.0325 0.13 5 1.525 420 -

02 0.04225 0.169 5 1.855 241 -

03 0.04225 0.169 5 1.855 241 -

04 0.052 0.208 5 0.74 15 -
111 0.052 0.208 5 0.7625 210 1
121 0.052 0.208 5 0.7625 210 1
211 0.052 0.208 5 1.11 1 6
221 0.0325 0.13 5 0.745 240 1
311 0.04225 0.169 5 1.11 1 6
321 0.0325 0.13 5 0.745 240 1
411 0.052 0.208 5 0.74 15 2
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gy | o0 a0 TG0 b O | st
01 0.033 0.143 6 170 60 1
02 0.157 0.636 6 1066 155 1
03 0.471 1.892 6 902 300 1
04 0.129 0.524 6 453 50 -
05 0.329 1.315 6 502 390 -
06 0.131 0.525 6 481 100 -
211 0.122 0.488 6 648 15 3
311 0.150 0.600 6 330 150 1
312 0.234 0.936 6 387 40 2
321 0.045 0.179 6 133 90 1
411 0.086 0.343 6 453 50 2
511 0.032 0.128 6 50 30 1
521 0.042 0.167 6 292 180 1
522 0.179 0.716 6 160 180 1
611 0.106 0.423 6 481 100 1
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