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ABOUT
THE ALUMINUM ASSOCIATION

The member companies of The Aluminum Associatioq, Inc., _represent
approximately 85 percent of domestic produc}ion of primary ingot and
shipments of U.S. aluminum mill products. Mill p.roducis include sheet qu
plate; foil; extrusions; electrical conductor and wire, rod ar)d .bal:. In addition
to producers of primary ingot and mill products, the association’s
membership also inciudes secondary smelters, foundries and producers of
master alloy and additives.

The association is a primary source of statistics, standard§. and ecpnomic
and technical information on aluminum and the aluminum industry in the
United States.

NOTICE
Disclaimer

The use of any information contained herein by any
member or non-member of The Aluminum Associa-
tion is entirely voluntary. The Aluminum Association
has used its best efforts in compiling the information
contained in this book. While the Association believes
that its compilation procedures are reliable, it does
not warrant, either expressly or impliedly, the accuracy
or completeness of this information. The Aluminum
Association assumes no responsibility or liability for
the use of the information herein.

All Aluminum Association published standards, data,
specifications and other technical materials are
reviewed at least every five years and revised, reaf-
firmed or withdrawn. Users are advised to contact Th

Aluminum Association to ascertain whether the info‘
mation in this publication has been superseded in the
interim between publication and proposed use.
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Section |

Introduction

The high costs of energy and generation facilities have made it extremely important to evaluate power
losses when selecting conductors. Construction costs and energy costs have increased dramatically during
the past decade and this trend may well continue.

This publication provides a simple method for evaluating the power losses in transmission and distribu-
tion conductors. It is intended to serve as a guide to aid in the selection of conductors which will be the
most economical over their design life.

No attempt is made in the method described here to develop the optimum conductor from the standpoint
of total system design. Factors such as structure sitting, structure loading, ground clearance, etc. are not
taken into account in this evaluations.

Very significant savings can be realized in both transmission and distribution by evaluating the conductor
choice on every line which is to be built or reconductored. Often the selection of a conductor with lower
resistance will prove to be the most economical choice even though its first cost may be higher. The lower
resistance may, of course, be achieved in several ways. The use of a large size conductor, a higher conduc-
tivity aluminum or, for ACSR constructions, an aluminum-clad steel core all contribute to lower resistance
and result in lower power losses.

In determining the economics in conductor selection, there are three primary factors to be considered.
They are: conductor investment cost; energy cost; and demand or capacity costs. For convenience, these are
usually calculated on an annual basis.

It is necessary to take into account, therefore, not only the annual cost of providing the conductor, but
also the annual cost of energy to generate the I2R losses in the conductor and the additional system capacity
to provide those losses.

This publication has four additional sections: Section II describes the method for evaluating and compar-
ing the total annual conductor costs and it lists several assumed factors. Section III presents an example of
evaluating alternative transmission conductors. Section IV presents similar examples but for distribution
conductors. Section V is an appendix which provides background on the development of equations in
Section II.

Section 1l

General Method and Assumed Parameters

For convenience, Table 1 lists the values of the parameters which will be used in the examples for evalu-
ating both ac transmission and distribution conductors.

Note that for small changes in conductor size (resistance), the cost comparison between two conductors
will be approximately the same regardless of operating temperatures. However, for large differences in con-
ductor size (resistance) where one conductor may operate at a substantially lower temperature than the other,
the actual conductor resistance at the operating temperature under peak load can be used to more accurately
predict cost savings. Techniques for calculating resistance at various temperatures can be found in the
Aluminum Electrical Conductor Handbook published by the Aluminum Association.

The evaluation method demonstrated is based on a conductor one mile long and may also be used for dc
systems by using dc resistances.
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Table 1
Conductor Evaluation Factors Used in Examples
Transmissions Distributions
— Fixed charge rate on conductors (Fd) 20%
19% Fixed charge rate on conductors (Ft) —_
800 Cost of installed generating capacity (Cg) - $/kW 800
17% Fixed charge rate on generating capacity (Fg) 17%
— Cost of transmission lines (Ct) - $/kW 60
- Cost of distribution substations (Cs) - $/kW 20
— Fixed charge rate on substations (Fs) 20%
1.2 Reserve factor (RF) 1.2
0.95 Peak responsibility factor (PRF) 0.65
1 Load distribution factor (DF) 0.764
1 Loss allowance factor (LAF) 1.03
50% Load factor (LF) 40%
1 Growth factor (GF) 1.65
0.020 Present cost of energy - $/kW 0.025
0.0313 Equivalent annual cost of energy (EAC) - $/kW 0.0329
30 Service life of conductor - years 15
4% Inflation rate - r 4%
8% Interest rate - i 8%
1. Annual Demand Costs
The power loss (PL) is calculated:
. _ (Ipeak)?2 R
PL (in kW) = 1000
This value is used to calculate annual demand cost (Cd) from adjusted power loss (APL):
APL =PL X RF X PRF X DF X GF X LAF
Transmission:
Cd = APL X FgCg
Distribution:
Cd = APL X (FgCg + FtCt + FsCs)
2. Annual Energy Loss Costs
The annual cost of energy losses (Ce) can be calculated from annual energy losses (Pe):
Pe (in kWh per year) = (PL) (Loss Factor X 8760) (DF) (LAF) (GF)
Loss Factor (distribution) = 0.15 (LF) + 0.85 (LF2)
Loss Factor (transmission) = 0.3 (LF) + 0.7 (LF2)
Transmission
Ce = Pe (EAC;pps)
Distribution See appendix for the derivation of values of Equivalant Annual Cost (EAC)

Ce = Pe (EAC;y) of Energy.
3. Annual Fixed Cost of Conductors

The annual fixed cost of conductors (Cc) can be determined from the price of conductor in $/mile:

Transmission
Cc = Price X (Ft)

Distribution
Cc = Price X (Fd)
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