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ABSTRACT

This paper presents a new computational procedure for obtamning the optimum feeder
grading solution. The procedure is extremely simple and does not involve the use of dyna-
mic programmin. This is a major achievement as it ehiminates (i) the bulk of computation,
(i) the need for large computation storage, (iii) the need for complex computer program-
ming. The proposed procedure is so simple that all the required calculations can be done
on a small programmable calculater specially in case of single radial feeder without
laterals. Also, the procedure enables to handle the variations in the load growth rate,
load facter, cost ef energy, etc. over the planning period. The presented optimization
problem minimizes the sum of feeder cost and the present worth of the feeder energy
costs, while keeping the voltage regulation within a prescribed value.



E 2 K.M. Shebl and A.A. Abou El-Ela

1. INTRODUCTION

The distribution system constitutes a significant part of a total power system. The
capital investment diployed in the distribution system forms about 40 % of the total
amount spend in the entire power system. Also, the distribution system is responsible
for about more than 85 % of the total power losses in the overall power system due
1o the low level of distribution system voltage. Therefore, the optimal design of distribution
system is necessary to minimize the overall cost of the distribution system including
the capital investment and the cost of energy losses.

Incremental increase in capital cost may be easily offset by saving in energy losses
over the life span of the elements in use especially the transformers. Another capital
investment which may significantly reduce energy losses is in the use of distribution
feeders with cross-sectional areas greater .than those necessary to carry the expected
current. An increase in cross-sectional area results in lower resistance and thus reduced
losses, The extra capital cost associated with the larger cross-sectional area conductor
may be paid for by the savings in losses. The latter opportunity has received some attention
[L-3], but not as much as might be warranted by the potential benefits.

In most of the distribution system planning methods [4-6], the distribution feeders
have been assumed to be of uniform cross-sectional area. But most of the distribution
networks are of radial type. Therefore, the loads carried by different feeder segments
are different. The segment closest to the transformer carries the maximum load and
the segment at the tail-end of the feeder carries the minimum load. The load carried
by the feeder segments increases as one moves from the tail end towards the transformer
end. This inherent feature of the radial distribution feeders can be exploited while designing
the feeder by using different conductor sections for different feeder segments.

Funk Houser and Huber [7] have proposed a method of optimal conductor grading.
This method, however, cannot be used in general as it is based on the assumption of
uniform load distribution for the feeders. T.H.Fawzi et. al. [8] presented an optimization
problem solution of obtaining the most economical design of primary rural distribution
feeders compatible with the required quality of service and which includes the choice
of the cross-sectional areas as well as the topology of the feeders has been considered.
They used the linear programming as the teol for the problem solution to manipulate
the order of magnitude increase in the number of variables.

Ponnavaikko and Prakasa Rao [9] have proposed a comprehensive model for grading
radial feeders with non-uniform loading. Their PPR model is realistic, flexible and considers
the conductor grading problem as an optimization one. They used the dynamic programming
as a tool to obtain the solution of their model. Very recently, Nangendra Rao [10] presented
a computational procedure for obtaining the optimum conductor grading policy using
the same PPR model of reference [2). However, the procedure does not involve the use
of dynamic programming.

This paper presents a new computational procedure for obtaining the optimum
feeder grading solution. The procedure is extremely simple and does not involve the use
of dynamic programmin. This is a major achievement as it eliminates (i) the bulk of
computation, {ii} the need for large computation storage, (iii) the need for complex computer
programming. The proposed procedure is so simple that all the required calculations
can be done on a small programmable calculater specially in case of single radial feeder
without laterals. Also, the procedure enables to handle the variations in the load growth
rate, load factor, cost of energy, etc. over the planning period. The presented optimization
problem minimizes the sum of feeder cost and the present worth of the feeder energy
costs, while keeping the voltage regulation within a prescribed value.
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2.  MATHEMATICAL MODEL FORMULATION

The primary distribution feeder is represented by many mathematical models such
as the feeder voltage drop, thermal current carrying capacity, emergy loss cost, growth
factor, enecgy cost and feeder cost. The following assumptions has been made in formula-

ting the mathematical models:

(i) All the consumers are having the same maximum demand and power factor.

(1i) The system is balanced under steady-state operating conditions having no loss or
no voltage drop in the neutral wire,

(i) All the feeders are of radial type. .
(iv) The reactance per unit length of distribution conducior with different cross seciional

areas is constant.

m
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Fig.! Noitation system of single line diagram {for a general radial distribution system

Fig.l shows the single-line diagram representation of a general radial gistribution
systen with a main, lateral and sublateral feedets. For such a system there is a clear
need to represent the lateral and sublateral branching according to a certain notation
system. The followings are the notation used to define the given system:

= total number of segments along the main feeder,

= number of rnain feeders radiating from the main substation,

- total number of segments along the lateral feeder,

= number of lateral feeders radiating from node i=I on the main feeder,

= total number of segments along the sublateral feeder,

= number of sublateral feeders radiating from node |=] on the lateral feeder,

= subscription denoting the notation for the i-th segment in the N-th main feeder

(i:'-lvzr ""!ﬂ)!

IMj = subscription denoting the notation for the j-th segment in the M-th lateral feeder
radiating from node i=[ (j=1,2, .... ,m],

JPk = subscription denoting the notation for the k-th segment in the P-th sublateral

feeder radiating from node J (k=1,2, ... ,F}L

3 ==
I

Zmomz

In order to study the optimal conductor sizing of a distribution system, some variable
items must be mathematically modelled such as the voltage drop across the leeder, cost
of energy losses, cost of energy, cost of feeder material and cost of area changing along
the feeder.
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2.1 Voltage Drop Across the Feeder

The well known approximate formula for voltage drop V, in volts in a simple radial
feeder with n segments, feeding loads with lagging power factors can be written as:-

n
Y - 1‘2.-1 (Ii.Ri cos § + lj. X, sin 8) e (1)

where;
Ii = load current taken from the radial feeder at point i,

Gi power factor angle of the load current at point i,

=
1

= resistance in ohms of segment i,

X = reactance n ohms of segment i,.

Bul, R = /Oéi fa, e (2)

1

length of segment 1 1in km,
a = cross-sectional area of segment i in mm?,

R = specific resistance of segment i in {ohm.mm?/km}.

Also, X=X éi ..... (3)

where x is the reactance per unit length of segment i for a cross-sectional area a;

The Egyptian standard tables of feeder's manufacture show that the reactance per
I km of aluminum is 0.0951 L& and 0.0816 $2 for cross-sectional areas of 30 and 95 mm?
respectively. This shows the reactance slightly decreased with the decrease of cross-
sectional area of feeder. Therefore, taking the reactance to be constant independent
of the cross-secticnal area of the segment does not affect the solution accuracy much.

Substituting from equations (2} and (3) in eq. (1), we gey;

n
Vel U /ap <y e ()

i=1

where; C’i = Ii é;: / cos Bi ..... (3)
C’. = 1. ,g X sin®. L (6)
1 i 1 1 1

In case of distribution system with lateral and sublateral feeders, there wilt be more
than end point for the systemn depending upon the unmber of lateral and sublateral feeders.
in such a systern, the number of end points in the system E, is given as;

E=N+L+S5  asees (7}
Where; N = total number of main feeders in the system,
L = total number of lateral feeders in the system,
€ - total number of sublateral feeders in the system.

Then, the voliage drop along the main feeder, from the substation peint to an end point

: be given as:
v En 3 (S)
NI = - [(C f a)NJ + CNi] .....



Mansoura Engineering Journal {MEJ), VOL.12,No.1,June 1987 E 5

Also, the voltage drop between the subsiation and an end point on a lateral feeder radiating
fram node i=i on the main ieeder is o be given as;

1
Vimj .[Zl[(d"a)wi . Cdi’\u} +i [(C’;"a)!Mj B oA R ©
= T

1M

The voltage drop between the substation and an end point on a sublateral feeder
radiating fron node j=J on a lateral feeder that radiating from node 1= on the main feeder
is 1o be given as;

1 - o+ J - “ E &
Vipk :]:ZIE(cxa}M + Cyil ?;_ [(CTadpy; + oyl ?—1_ [(Fa)gpy + Cypid o 10)

2.2 Cost of Energy Loss

For the main radial {eeder, shown in Fig.i, having n segments, the energy loss across
the n segemnts for the base year is given as;

n
= _3 2
PL “21—1 3710 |i Rj {LLF)

n
- 2
PL = Ej_] 26.28 1 , R.I (LeFy (1)

Where T is the number of hours per year (8760), and LLF is the loss of load factor which
is a function of load factor (LF) and is defined {6] as;

LLF = A (LF)* + B (LF) forA+B=1 . (12}

The total energy loss is to be calculated on the basis of present worth cost for the
period of conductor assumed life time (D years) for a discount rate of annual percentage r.

It can be written as;
' CO E Sr_l—26.28 l"i RL {LLF) h i [1;’(1+r)d] ----- (13)
=i d=1

where h is the cost of energy per KWH.

The effect of load factor on the LLF as given by eq.(12) and consequently its effect
on the cost of energy Co is discussed by Ponnavaiko [6] To consider the effect of load

growth, eq. (11} is to be multiplied by a factor (l+g)2d. d=1,2,...,Y, where Y is the plan
period up to which the feeder can take load growth, and g is the annual load growth
rate. The effect of growth in load factor is given by Scheer [11] through obtaining the
yearly value of LF, i.e. (LF)d within the planning period Y as;

i d/1.6
LF, = LFU - (0.5) {LFU - LFp] ..... (14}

d

where ]'Fu and LFP are the ultimate and present values of load factors respectively.

In case of general distribution system containing L main, lateral and sublateral feeders
the total energy loss is to be given as;

Coe " t c. e {15)

e=1 e
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2.3 Cost of Energy

The cost of energy is not constant as it always increasing with time as the cost
of erection, labour, equipments and maintenance increases with time. Then the cost
of energy per kwh, h in eg. (13) must be variable with time as hd (d=1,2, ... , D). Substit-

uting these factors in eq. {13}, it becomes;

- : Y . D,
Cp - g 26.28 (0,1 ifai)id}::l (1:g)" L P B 000l Y eLLR), dz__—:M”h;'(hr)d S . (16)

Equation (16) gives the cost function over the main feeder only. In case of general distrib-
ution system with Jaterals and sublaterals, the cost of eq. {16) is to be modified as;

E

Cpe ‘eZ Cp L7

2.4 Cost of Feeder

The actual cost of the distribution feeder involves a fixed co#t as well as a variable
cost. The fixed cost component invelves cost for conductor's pole, accessaries, labor
and erection. The variable cost component reflect the cost of conductor material and
is a function in cross-sectional area. For a radial feeder with n segments, the total
cost over the life period of the feeder is 1o be written as:

o 1}
Cf:ZZ(W“ai+W2j)Qi ..... (19

e=] j=I

where W . and W, are the cost constants of feeder per unit length {1 km].

2.5 Cost of Area Changing

Most of distribution feeders have different values of cross-sectional area as a result
of economical gradation. Changing the area of a feeder for two adjacent segments will
involve more cost. This excess cost involves the labor cost for welding or connecting
the two different areas to each other. This cost can be expressed as:

C = H <. . (19
W W

where C_ is the total cost for changing the areas along the feeder, H is the number

of changing the areas across the feeder and ¢ is the cost of one change in feeder area.

3. OBJECTIVE FUNCTIONS

The objective function in our problem is to minimize the total present worth expen-
diture containing the energy loss cost and the conducter costs given by equations (i6)
and (18) respectively. This total combined cost will be written as:

E n n Y 2d , d
Cr=2_ { > W, a W)l +§(26-28/ai)€i Ifltg (g LLF) p /(L)

e=1 i=l

. D
2Y - d
(eg®” wLp, S R (a0 ]} ..... (20)

d=hi+ |
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The minimization of the objective function (20) may results a cross-sectional areas
that may lead to either high values of voltage drops across the feeder segments, that
decreases the service quality and/or high thermal current carrying capacity that may
disrupt the service. Therefore, the feeder voltage drop and the thermal current carrying
capacity must be decided In a priorl as constraints on the minimization of the objective
function.

3.1 Voltage-Drop Constraint

The voltage level at the consumer in the distribution system js the main constraint
in distribution system planning. The distribution voltage level is a function of two variables,
One is dependent on the equipments in use such as transformers, its tap settings and
the voltage level received from the generating stations. The othe is the voltage drop
in the feeder segments [10). The voltage drop in the distribution feeder depends on the
choice of its cross-sectial areas, loading level, power factor and circuit operating voltage.

The choice of high value of feeder voltage drop leads to less conductor size and
consequently less investment and higher system losses. On the contrary, small value
of feeder voltage drop leads to higher conductor size and consequently more Investinent
and less systemn losses, Therefore, the choice of the optimal economical value of fecder
voltage drop is a trade-off between the capital investment and the annual recuring expen-
diture due to energy losses,

3.2 Thermal-Limit Constraint

The maximum allowable conductor temperature at which the conductor can be vperated
is called the thermal limit or thermal rating of that conductor. For a given feeder loading,
the thermal current carrying capacity sets a lower limit on the conductor cross-sectional
area A [12], ie.,

a? Amin e (21

3.3 Conductor-Size Constraint

The cross-sectional areas of the conductors vary in a discrete manper and there
are only a few standard sizes used in practice. Therefore, the feeder areas arc assumed
in a priori. Due to the discrete values of the conductor size, the following constraint

is to be adoptcd here:
a >0 civer (27)

Hence, the optimization problem can be formulated as to minumize the objective function
given by equation (20) subjected to the three constraints of voltage drops, thermal (imit
and conducter size given by equations (4), (21} and (22) respectively.

4. SOLUTION TECHNIQUE

Consider a simple distribution system with a radial feeder that has three segmants
as shown in Fig.2. The solution technique can be explained by the following steps:
I) assume any appropriate standard cross-sectjonal area A for all the feeder segrments.

Determine the overall cost function Cl of the whole feeder and the total voltage
drop across the feeder.

2} If the voltage drop constrant is satisfied, all the segmants except the first one
are to be given a smaller standard area value such as AZ' The total (ost Lz and

the voltage drop are determined.
3) In any step, if the voltage drop constraint is not satisfied or the cost ¢
area of the segment at that step is to be given a higher standard area valuc,

I the
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Input: 5tandard areas, nodal power,length of segmants, resistivity
of conducter, reactance, marginal cost of conductor
material and power loss, system configuration, number of
segments, notation numbering of laterals and sublaterals, |
minimum area for each current and max. V.D. J

I

Any standard area No. A for segment No. i=|
put I1=1, Z=0, R=1, C1=0.0

I
-

Area of segment i=standard area A

No

1 >total No. of
segments

Yes

Copute total V.D. and costs of
conductors and power losses
for all segments of thesystem

segment area i=zA-|

and 1l = [l+1

1= 11

Yes A=Axl
at the lower
area segnent

} min
at any segmen

It
A s the last
stan area

Yes

Print the last area for each segment, min.
cost, voltage drop at each node, and
No. of iterations R

Fig.3 Flow chart of the presented technique



Mansoura Engineering Journal (MEJ), YOL.12,No.l,June 1987 E 9

t 2 3

Al Al o Al |

2 3

Al A7 | AZ ]

L ) 2 3
Al Y A3 |

Fig.2 Fundamerta | steps of the solution technique.

4) The steps are repeated as long as the new cost is decreasing and the voltage drop
constraint is satified.

5) The process is terminated when the total cost C starts te increase always andfor
so the voltage drop constraint,

Fig.3 illustrates the detailed flow chart for the solution technique presented here.

3. APPLICATION ON NUMERICAL EXAMPLE

3.1 Test System

In order to test the proposed procedures for the optimal conductor sizing for a
distribution system with laterals, an L1-KV realistic distribution system of feeders with
thirty one segmants, one main feeder, four lateral feeders and two sublateral feeders
is used. The single line diagram of this system is shown n Fig.#. The corresponding
segment length, node-loading power and the minimum allowable area for each corresponding
segment current are illustrated in Table |. The minimum allowable area is decided accord-
ing to the thermal current carrying capacity in each segment. The segment is defined
by its two terminal nodes, e.g. x-y and y-z are the numbering system for iwo adjacent
segmants. The node y belongs here ta the segment x-y and not to the segment y-z.

Substation

30

31
Fig.t Single-line diagram of the 31-bus distribution system
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The other important data that are used here are given in the following:

1. Resistivity of Aluminium 29.75 ohm.mm?{ke

2. Constant reactance for the dxsmbuuon feeder ’ 0.0951 ohm/km

3. Annua) load growth 12

4. Power factor 0.8

5. Discount rate 0.1

6. Present load factor 0.2

7. Maximum lead factor 0.4

8. Life period of distribution feeder 20 Years

9. Load growth period 8 Years

1G. Variable cost of {eeder 170 L.E./mm?*/km

1. Energy cost 0.03 L.E./Kwh

12, Cost of area changing 20 L.E./one

13. Maximum allowable voltage drop on the main feeder 285 Voltas

14, Maximum allowable voltage drop to node 2. 120 ¥ -
15. Maximum allowable voltage drop to node 6. 146 ¥

16, Maximum allowable voltage drop to node 21, 405 V

17- Maximum allowable voltage drop to node 31. 35¥ -
8 Maximum allowable voltage drop to node 25. 375V

19, Maximum allowable voltage drop 1o node 28. 365V 2

20, Available standard areas for feeders at 11 Kv 95, “50, 40, 14 and 10 mm

Table 1. Main data for the distribution test system

segment | segment node minimum segment |segment node minimum
No. length [ Loading | allowable No. length Loading ( allowable
{(km) power area (km) power | area
(k. w) (mm?) (kow) [ (mm?)

0-1 1.0 80 50 5 - 17 1.0 50 14
1 =2 0.9 -- 50 17 - 18] 0.8 &0 10
2-3 kel an 50 18 - 19| 1.2 -~ 10
3-4 1.0 90 40 19 - 20 1.0 60 10
4 -5 6.9 -- 40 20 - 21| 0.9 50 10
5-6 0.8 70 10 19 =221 L0 40 10
6-7 0.7 -- 10 22 - 23| 0.8 60 10
7-8 0.8 70 10 23 - 24 0.7 50 10

- §-9 0.9 60 10 o 24 -25| 1.2 40 10
2-10 0.9 70 1o 19 - 26 0.8 60 LG
10 -1l 0.7 60 10 26 - 27| 0.6 40 10
-2 1.0 50 10 27 - 28| 0.7 50 10
2 -13 0.9 50 10 7 =29 l.1 60 10
13 - 1t 0.8 60 10 29 - 30| 0.8 20 10
1 - 15 1.0 50 10 30 - 31 0.8 60 10
15 - 16 0.6 60 1O

.2 Results and DISCussi'dm )

& Table 7 clustrates the step-by-step results when applying the proposed procedures
- oprimat conductor sizing on the main feeder of the test system. The allowable voltage
- awong that Ieeder is 285 V. In the first step, all the segments assumed to have

- arca of 95 mm?, and the voltage drop shows small value as 149.3 volts due to .
. arge area where the cost shows a high value of 29913 L.E. which is mainly due
o _ne material cost of feeder. The second step decreases all segments areas to 50 mm’
cre the cost decreased to 28293 L.E. and the voltage drop becomes more worest
“"» .. Then, any further decrease in any segment area will violate the voltage drop
iz« 0t Then the area of the first segment takes a larger value of 95 mm?* and the
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Table 2. Step-by-step results of gradation of the main feeder

Segment | 0-1 l-? 2-3|3-4|4-5(5-6|6-7 [7-8 [8-9 | Total | Material | Energy| Total
No. X v.D. cost loss cost
2 : — ' 1 (V) {(L.B.) | cost {(L.E.)
Steps | cross-sectional area (mm?) at each step (L.E.)
L 95 (95 [95195]95]95]} 95 §5 95 149.3 | 20776 9137 29913
2 50 |50 150150 50| 501 50| 5050 275.0 | 10935 17360 28295
3 95 [ 50|50 | 50| 5015050 |5G]( 50 245.3 | 12150 14788 26938
4 95 195 [ 50| 50| 30| 50 50 50 | 50 220.0 113243 12694 25937
- 5 95 195 (95|50 | 50 50 50 | 50 | 50 197.0 | 14580 11277 25857
[ 95 (95|95 | 40 | 40 | 40 | 40 | 40 | 40 222.0 | 13203 12407 25610
7 95 {95 |95 | 50 | 40 | 40| 40 | 40 | 40 212.0 | 13473 11813 25291
- 8 95 (95 (95| 50| 50 ( 40| &0 | 40 [ 40 203.3 | 13716 11373 25089
9 95 19519550 50 14 ) la|la)Lu 263.3 | 11469 12261 23730
10 95 (95|95 (50|50 16|10 1a] 10 300.3 | 11124 12806 23930
11 95 195 (95| 50|50 14| 10|10} 10 2839 | 11210 12491 23761
Op:]zmal 95 19519550 (50| 14|14 |lo] 10 272.2 | 11286 12308 23594
solution

Table 3. Optimum conductor gradation for the lateral and sublateral teeders

Segment No. Area (mm?®) Total cost & voltage drop
2 - 11 14 C, = 1140.2 L.E.
10 - 1! 10 v.D. = 1.02 %
11 - 12 10 Allowable ¥.D. =l.1 %
2 - 13 L4 C, = 17194 L.E.
13 - 14 lu i .
s - 15 10 v.D s 13 %
15 - 16 10 Allowable V.D. - 1.33 %
5~ b 40 C, = 6408.6 L.E.
17 - 18 14
13 - 19 v V.D. = 334 %
19 - 20 10 Allowable Vv.D. = 370%
20 - 21 Lo
19 - 22 Ia C, - 1680.2 L.E.
. g =& i V.D. =272 % oo o
24 - 25 10 Allowabie V.D. = 4
19 - 26 14 C,_ - 869.9 L.E.
; 26 - 27 10 vip. = 3.38 %
27 - 28 4] Allowable V.. : 3.4]1 %
7 - 29 L4 C, = 1302.3 L.E. -
29 - 30 10 VD, = 3.16 %
30 - 31 10 Allowable V.D. - 3.32 %
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voltage drop improved to 245.3 V and the cost decreased to 26938 L.E. This procedure
continues up to 12 steps and stops at the optimal solution for a minimum cost of
23594 L.E. and a voltage drop of 2/2.2 V. To Take the cost of changing area into account,
the number of area changing is to be considered in the last two steps which 15 found
to be 3 times. Then the cost of area changing is found to be 60 L.E. {the cost/one area
changing 1s 20 L.E.). This cost is to be added to the total cost in order to compare
the Linal optimal cost whych, in our case, 1s the case of step 12. The addition of the
vost of area changing may change the optimal solutien 1o another step.

table 3 1llustrates the optimum iradation for the other four lateral feeders and
the two sublateral feeders. The minimum :ost and voltage drop is given for cach feeder.

6. CONCLUSIONS

& very simple conductor sizing procedure for radial feeders in distribution system
is presented. It is based on an iterative technique to obtain the optimum area of each
segmant of a radial feeder at a minimum cost and subjected to maximum allowable voliage
drop. The objective cost invelves the constant cost of conductor, the variable cost of
energy loss and the cost of area changing between two adjacent segments. The current
carrying capacity for each segment is considered to avoid high temperature rise in cond-
uctors. The proposed technique considers the load factor, load growth rate and discount
rate for the present worth cost. In case of ignoring these parameters, as usual for approx-
imation, the technique becomes more simple and can be done using a programmable cal-
culator with convenient results. This technique needs very simple program that can be
constructed and used easily by any system planner.

7. REFERENCES

[1] A.S.Anderson, V.A.Thieman, "Distribution secondary conductor eccnomics', AIEE
Trans. PAS, Vol. 78, pp. 1839-1843, 1959,

f2]  R.K.Biggart, "Guidlines for extending underground secondary service to commercial
and industrial customers", Journal of Underground Power Applications, Vol. 3,
pp. 12-16, July/August 1974.

[3]  A.M.Giedliuski, "Economic conductor sizing”, Paper presented at the 5pring Meeting,
Pennsylvania Electric System Planning Committee, Valley Forge, PA, May 1-2, 1979.

[4] D.L.wall, G.L.Thompson and J.E.D.North-cote Green, "An optimization model for
planning radial distribution networks", IEEE Trans. on Power Apparatus ans Systems,
Vol. PAS-98, pp. 1061-1067, May/June 1979,

(51 W.G.Kirn and R.B.Adler, "A distribution system cost model and 1ts application
to optimal conductor sizing", IEEE Trans. on Power Apparatus and Systems, Yol.PAS-
101, pp. 271-275, Feb. 1982.

16l M.Ponnavaikko and K.S.Prakasa Rao, "Optimal distribution system planning", |EEE
Trans. on Power Apparatus and Systems, Yol.PAS5-100, pp. 2969-2977, June [93l.

[7] AW.Funk Houser and R.P.Huber, "A method of determining economical ACSR
conductor sizes iro distribution sysiem", AIEE Trans. on Power Apparatus and
Systems, Vol. PAS'74, pp. 479-884, June 1935,

[8] T.H.Fawzi, K.F.Alli and S.M.El-Sobki, "Routing optimization of primary rural dist-
ribution feeders", IEEE Trans. on Power Apparatus and Systems, Vol.PAS-101,
No.5, pp. 1129-1133, May 1982.

(9] M.Ponnavaikko and K.S.Prakasa Rao, "An approach to optimal distribution system
planning through conductor gradatien", IEEE Trans. on Power Apparatus and Systems,
Vol.PAS-101, pp. 1735-1742, June 1982.

[10] P.S.Nagendra Rao, "An extremely simple method of deterining optimal conductor
sections for radial distribution feeders", IEEE Trans. on Power Apparatus and Systems,
Vol. PAS-104, pp. 1439-1442, June 1935.

[11] G.B.Scheer, "Future power prediction"”, Energy International Journal, pp.14-16,Feb.1966.

[12] V.T.Morgan, "The thermal rating of overhead-line conductors”, Electric Power
System Research Journal, No.5, pp. 119-139, 1982.





