
Cable Size Selection for Energy Efficiency 

 

Introduction 

The traditional method for determining the appropriate cable size for a particular installation 
involves the selection of the smallest size conductor that meets all of the following criteria. 

1. Continuous current carrying capacity 
2. Voltage drop 
3. Earth fault loop impedance 
4. Short circuit rating 

The methods used to determine these four criteria are clearly detailed within Australian 
Standards AS/NZS 3000 (the “Wiring Rules”), which is a legally binding document called up 
in Australian legislation, and within AS/NZS 3008.1.1, which is the selection guide for low 
voltage cables. 

The selection of the smallest cable size might provide the lowest installation cost, but what 
about the total life cost of the installation? Is there a better solution that includes the cost of 
operating the cable over its lifetime? ie cost of losses or energy costs? (Since all conductors 
have a resistance such that when a current flows in a conductor heat will be generated.) The 
purpose of this article is to summarise the background to traditional cable selection methods, 
the documentation that already exists and the work that is being done to make designers, 
installers and owners of electrical installations aware of alternative cable selection methods 
that take into consideration the total life cost of operating an electrical installation rather than 
just the initial cost of establishing the installation. In essence, energy efficient cable size 
selection. 

 

Background 

The continuous current carrying capacity of a cable is determined from a well established 
heat flow equation that takes into account the thermal resistance of all of the cable 
components along with that of the surrounding medium that the cable is installed. Added to 
this is the amount of heat being generated by the cable (I2R losses) while operating within 
the temperature limit of the cable. A balance will be created where the amount of heat being 
generated equals the heat that can be dissipated through these thermal resistances. The 
basic equation for current carrying capacity is given below, with further information on each 
parameter within this equation being available within international standard IEC 60287. 

 

 

 

See footnote for brief description of each variable within the above equation. 
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The voltage drop of a cable is a function of the cable circuit length, the current to be carried 
and the electrical resistance of the cable. AS/NZS 3000 defines the maximum allowable 
voltage drop, and for a low voltage electrical installation this is 5% of the nominal supply 
voltage. The voltage drop allowance must include every section of the electrical installation, 
that is, all sections from the point of supply up to and including all sub-circuits of the 
electrical installation. It is quite common that the voltage drop calculation often overrides the 
cable selection process such that a larger conductor size will be needed compared to that 
required for purely thermal considerations. It is expected that voltage drop requirements 
become more influential on relatively long circuit lengths, ie >100 m. 

The earth fault loop impedance of a circuit is an important safety requirement that ensures 
the circuit impedance to an earth fault is limited to that which will generate sufficient current 
in the circuit protective device to cause operation of that device within the required time. The 
circuit impedance primarily comprises the resistance of the active conductor and the 
resistance of the protective earth conductor. It is unlikely that earth fault loop impedance 
requirements will have an impact for short cable circuits, but for very long circuit lengths it 
may be necessary to increase the earth and/or phase conductor size to limit circuit 
impedance during an earth fault. 

The short circuit rating of a cable seldom results in the primary selection of the conductor 
size, as common practice usually results in the circuit protective device rating being selected 
to ensure the cable circuit capability is adequately met. None the less the cable short circuit 
capability must be known to ensure that this occurs. Similar to the first criteria, the short 
circuit rating of a cable is a function of the conductor material, conductor area, and then the 
time duration of prospective fault current and the temperature limit of the material in contact 
with the conductor. 

When designing an electrical installation all of these criteria must be met and result in the 
smallest cable size being selected, but none of these criteria consider the cost of losses. 
Admittedly only the first criteria results in a cable operating at or near its maximum 
temperature limit and it is no coincidence that this is the criteria where energy efficiency 
gains can be achieved by changing the way in which we select the cable size by considering 
energy losses over the life of the installation. 

The remainder of this article looks at the first criteria and how the consideration of energy 
loss can have an impact on cable selection. 

Energy Efficient Cable Selection 

There is nothing new or novel associated with the calculation of losses of cables. This is a 
simple equation based on Ohms law and represented by the equation I2R, where I 
represents the current flowing in a conductor and R represents the conductor resistance in 
Ohms. What is new is that designers and installers do not fully appreciate the cost of these 
losses. Therefore it is the purpose of this article to increase the awareness of the cost of 
these losses, the documentation already available and the work done to support the case for 
an alternative cable selection method based on economic considerations for the total life 
cost of an electrical installation. 

The best way to illustrate the impact of I2R losses on the total cost of an electrical installation 
is to present a simple example. Consider the following scenario:- 



• Required load: 3 phase 400V, 450 A over a distance of 75 m 
• Cable type: 3 single core copper XLPE/PVC cables 
• Installation type: trefoil formation, unenclosed in free air on ladder cable tray 

Current carrying capacity considerations dictate that a minimum 185 mm2 copper cable size 
is needed (AS/NZS 3008.1.1 Table 8, Column 5). Checking voltage drop shows that over the 
75 m route length only 9.1 V or 2.3 % of 400V will be lost, which is within the legal 
requirement set down by AS/NZS 3000. 

Next step is to compute the losses and the associated cost of these losses. ie The AC 
resistance of a 185mm2 copper conductor is 0.129 ohm/km (AS/NZS 3008.1.1 Table 34, 
column 5). Therefore total losses for the circuit are 3 x 4502 x 0.129 x 0.075 = 5878 W or 
5.88 kW. If this circuit was to run at 100% loading for 1 year, then the total losses equates to 
5.88 x 24 x 365 = 51,487 kWhr/yr, which at a cost of say $0.15 per kWhr equates to a total 
yearly cost of losses of $7723. Now the typical cost of a 185 mm2 copper XLPE/PVC cable is 
$22.20/m, meaning that the total cost of operating this asset for one year is $7723 + 3 x 75 x 
$22.20 = $12710. 

Now perform the same calculation for the next cable size up, ie 240 mm2 copper. 

• Voltage drop = 7.7 V or 1.9 % 
• Operating losses = 4.52 kW 
• Yearly cost of losses = $5933 
• Cost of cable = $29.60/m 
• Total cost of operation for one year = $12589 

Therefore it is evident that even in one year the use of a 240 mm2 cable has paid for itself 
purely due to the reduced cost of energy losses. And for every subsequent year that the 
asset is operated further savings will be realised. Extending the example to 10 years shows 
that a saving of $16,232 will be achieved by using a cable one size larger than the minimum 
size. 

So far this example considers a rather idealistic case of an electrical installation operating at 
100% of its load capacity on a continuous basis. Realistically most electrical installations 
don’t run at their maximum load rating on a continuous basis since electrical loads are 
typically cyclic in nature and therefore a more realistic approach is to adopt a lower diversity 
factor. 

Now consider a more realistic case where the load diversity is not 100%, but 50%. The 
payback periods for each cable size change substantially and significantly longer payback 
periods are required, simply because the operating losses at 50% load are ¼ of the losses at 
100% load. (Since losses are proportional to the square of current.) Now a payback period of 
4 years is required to pay for the increased cost of installing a 240 mm2 cable. See Table 1. 

 

 

 

 



Conductor 
Size 

(mm2) 

Total Cost – Cable + Losses ($) 
1 Year 2 Year 4 Year 10 Year 20 Year 40 Year 

185 6,918 8,849 12,710 24,295 43,603 82,218 
240 8,139 9,622 12,589 21,488 36,321 65,986 
300 9,438 10,639 13,043 20,254 32,273 56,311 
400 11,847 12,814 14,748 20,549 30,218 49,556 
500 14,449 15,235 16,806 21,521 29,379 45,095 
630 18,263 18,909 20,203 24,082 30,548 43,480 

 
Table 1 

There are two major points to take from this analysis:- 

• The higher the diversity factor the faster a larger cable size will pay for itself. 
• As the life of the circuit increases a point will be reached where the selection of the 

largest cable size always results in the lowest overall cost. (In this analysis if a circuit 
design life of 20 years is required, for example, then the 500 mm2 cable size is the 
most economic (based on 50% load diversity.) 

It should, however, be realised that the selection of simply the largest cable size is not 
always a practical prospect. 

Another way to look at the same example is to examine the payback dollars vs the payback 
time. In Figure 1 it is apparent that the region above the zero point on the Y-axis represents 
a saving, whilst the region below the zero Y-axis point represents a loss. 

Here, and again using the same case of 50% loading, the 240 mm2 cable gives a saving 
from year 4 while it takes 5 years when using a 300 mm2, 7 years for a 400 mm2, 8 years for 
a 500 mm2 and just over 10 years for a 630 mm2. See Figure 1 below. 



 

Figure 1 

 

What has been illustrated in this article is a very simplistic example, but none the less it 
demonstrates that the cost of losses and energy waste can be significant in the overall 
context of the cost of establishing and operating an electrical installation. It is acknowledged 
that there are many factors that have not been considered within this analysis for the sake of 
simplicity, such as the effect of lower cable operating temperature on the cable losses, the 
cost of actually installing the cable, the higher energy cost associated with the manufacture 
of the larger cable, reduction in greenhouse gas emissions, or the rate of return on the 
money saved by the reduced cost of losses. 

Additionally, whilst it may not be appropriate to carry out this type of analysis on all sections 
of wiring of an electrical installation, this example shows the savings that can be made on 
larger mains supply cable, which  strongly suggests that they are candidates for such 
economic cable sizing analysis. 

The philosophy of selecting cables for the total life economic cost considerations (energy 
efficient selection) is currently covered by a number of text references and in various 
degrees of complexity, but the principles remain the same. 

-$20,000

-$10,000

$0

$10,000

$20,000

$30,000

$40,000

$50,000

0 5 10 15 20 25 30 35 40

P
a

y
b

a
ck

 (
$

)

Payback Time (Years)

Payback $ vs Payback Years for Selecting 

Larger Cable Size (50% Load Diversity)

240

300

400

500

630



 

 

Present and Future Trends 

The information contained in this article is not new and can be performed quickly and easily 
with modern spread-sheeting tools. For more complex analysis a number of standards and 
texts have already been published  

The International Electrotechnical Commission (IEC) first published a method for accounting 
for the cost of losses or energy costs in 1991 with the publication of IEC 1059, Economic 
optimization of power cable size, which was superseded in 1995 with the publication of IEC 
60287-3-2, titled Electric cables – Calculation of current rating - Part 3: Sections on 
operating conditions – Section 2: Economic optimization of power cable size. 

Economic selection of cable size is also considered in the 1997 IEEE publication, Rating of 
Electric Power Cables by George Anders. 

More recent research has been performed by the International Copper Association Australia 
(ICAA) in conjunction with Auseng culminating in a number of papers being written and a 
proposal to include a worked example of the economic cable selection method into AS/NZS 
3008.1.1. 

Ultimately the work being performed at Australian Standards level (AS/NZS 3008.1.1) is the 
next step into raising awareness of the benefits associated with economic (energy efficient) 
cable selection methods. 

 

Footnote 

Current rating equation, variable definition list:- 

I = Current rating of cable in A 
∆θ = Temperature rise of conductor above ambient temperature in oC or K 
Wd = Cable insulation dielectric losses in W/m 
R = Electrical resistance of conductor in Ω/m 
T1 = Thermal resistance of cable insulation in K.m/W 
T2 = Thermal resistance of cable bedding material in K.m/W 
T3 = Thermal resistance of cable sheathing material in K.m/W 
T4 = Thermal resistance of cable surrounding medium, ie air, ground, etc. in K.m/W 
λ1 = Cable metallic screen loss factor 
λ2 = Cable metallic armour loss factor 


