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Around the world, energy demands are growing at a rapid 
pace, with developing countries outranking industrialised 
nations with projected increases in electricity consumption. 

Energy efficiency allows countries to conserve natural resources 
and significantly reduce greenhouse gases and emissions, which is 
necessary for countries to try to meet Kyoto Protocol levels. It also 
saves money by reducing costs while providing many industries with 
a competitive advantage.

Global challenges 

The US Energy Information Administration’s report, entitled ‘Inter-
national Energy Outlook 2013 (IEO2013)’, projects that the world 
marketed energy consumption will grow by 53% from 2008 to 2035 
without incorporating prospective legislation or policies that might 
affect energy markets. Much of the growth in energy consumption 
occurs in countries outside the Organisation for Economic Coopera-
tion and Development (OECD), known as non-OECD, where demand 
is driven by strong, long-term economic growth. Energy use in non-
OECD countries increases by 90%; in OECD countries, the increase 
is 17%. 

Renewable energy and nuclear power are the world's fastest-
growing energy sources, each increasing by 2,5% per year. However, 
fossil fuels continue to supply almost 80% of world energy use 
through 2040, according to IEO2013. Wasted energy depletes the 
world’s natural resources and creates a financial impact because it 
requires fossil-fuelled power plants to work harder.

The report states that the industrial sector continues to account 
for the largest share of delivered energy consumption; the world 
industrial sector still consumes over half of global delivered energy 
in 2040. Given current policies and regulations limiting the use of 
fossil fuel, worldwide energy-related carbon dioxide emissions will 
rise from about 31 billion metric tons in 2010 to 36 billion metric tons 
in 2020 and then to 45 billion metric tons in 2040, a 46% increase.

Copper’s impact

Copper is essential for building the energy systems of the future. Ac-
cording to the International Energy Agency in a 2011 Working Paper in 
the Energy Efficiency Series, entitled ‘Energy‐efficiency policy oppor-
tunities for electric motor‐driven systems’, by Paul Waide and Conrad 
U Brunner, motors and motor driven systems consume 43 to 46% 

of electricity worldwide. Inefficient electric motors waste electrical 
energy. Since most electricity is generated from fossil-fuelled power 
plants, motors and motor-driven systems are indirect contributors to 
greenhouse gas emissions produced by these plants. Hence, there 
are compelling economic and environmental reasons to increase the 
use of energy efficient motors.

Until the energy crisis in the 1970s, most general-purpose motors 
were designed to provide rated output and operating characteristics at 
reasonable cost. Efficient operation was at best a secondary consider-
ation. As energy prices began to rise, manufacturers began to develop 
improved motors known as ‘high-efficiency’ and ‘energy-efficient’. 
A well-designed motor can convert over 90% of its input energy into 
useful power, and this has been the norm for decades. When the 
efficiency of a motor is raised by even a few percentage points, the 
savings, in kilowatt hours (and therefore in cost), are enormous. For 
example, according to the 2011 Working Paper from the International 
Energy Agency, it has been estimated that if all countries adopted 
best Minimum Energy Performance Standards (MEPS) for industrial 
electric motors, by 2030 approximately 322 terawatt-hours of annual 
electricity demand would be saved. As an additional environmental 
benefit, the savings in electric demand corresponds to a saving of 
206 million tons of CO2 emissions.

The electrical energy efficiency of a typical industrial induction 
motor can be improved by: 
• Reducing the electrical losses in the stator windings (eg by 

increasing the cross-sectional area of the conductor, improving 
the winding technique and using materials with higher electrical 
conductivities)

• Reducing the electrical losses in the rotor coil or casting (eg by 
using materials with higher electrical conductivities)

• Reducing magnetic losses by using better quality magnetic steel
• Improving the aerodynamics of motors to reduce mechanical 

winding losses
• Improving bearings to reduce friction losses
• Minimising manufacturing tolerances

Copper has the second highest electrical conductivity of all metals. 
It is second only to silver, which is an expensive precious metal and 
is therefore not considered as a coil conductor material for motors. 
Copper is commonly used in motors, including the highest quality 
motors because of its high electrical conductivity. Copper is an excel-
lent metal to use for a motor's windings and coils because: 
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• It has less electrical resistance than almost any other non-precious 
metal

• It is easily made into wires
• It is not too expensive
• It can perform and survive at high temperatures
• It can easily be recycled when the motor needs to be replaced

Increasing the amount of copper in motor windings and coils in an 
energy-efficient motor reduces resistant current losses, thereby sav-
ing electrical energy and reducing electricity requirements. 

If the entire world were to adopt a least/lowest life cycle approach 
to motor systems, the energy efficiency savings potential is 3 890 
billion kilowatt hours per annum by 2030, nearly 30% of the total.

Business case for energy efficiency

It is well-known that energy efficient design contributes to a number 
of short and long-term societal benefits, including saving fossil fuels 
and reducing air emissions that cause poor air quality, acid rain and 
climate change. However, designing and buying products built for 
efficient use of energy is about more than being a sustainable industry. 
There is a strong, business case for investing in more energy-efficient 
products and design. 

A 2011 analysis by the U.S. Department of Energy, supported by 
the Copper Alliance, concluded that ‘a significant reduction in energy 
consumption and emissions is achievable at net negative cost’. In 
other words, encouraging the design and use of energy efficient tech-
nologies in the short term (by 2015) will not only have major impacts 
in the long term (by 2030) on energy use and harmful emissions but 
such policies will be also be a profitable investment for consumers.

Copper saves you money

All electrical equipment wastes energy in the form of heat. In terms of 
physics, this is expressed as I2R, where I equals current, and R equals 
resistance. This can cost companies more than just wasted energy 
Rands; it can also dramatically reduce productivity and profitability.

Electrical equipment that contains more copper runs cooler and 
saves money. The more copper that electrical equipment windings 
and cabling contain, the less costly energy will be lost as heat. That 
is because copper is the most efficient conductor available.

Copper upsizing also minimises costly operations problems, par-
ticularly downtime due to overheated or failed equipment. Reliability 
and service life of electrical equipment are substantially increased. 
There can be significant savings in the cost of air handling and cool-
ing that is no longer needed.

Small changes for big savings

Installing wire only one size larger than is required increases energy About the author

efficiency with dramatic paybacks. This simple technique can yield 
quick paybacks while increasing the flexibility of the installation. By 
increasing the wire size, reduced power losses offset the cost of the 
wire and produce savings on energy costs. Why is this important? By 
upsizing wire in a new installation, the engineer or contractor can dem-
onstrate the real savings to the customer as well as the advantages 
of lower generated heat and increased flexibility of the installation. 
In addition, when less heat is generated the result is reduced energy 
requirements for fans and air conditioning systems.

Of course, there are many factors that must be considered in 
any installation. But for most new applications, where the cost of 
labour and conduit for the installation outweigh the cost of wire, the 
increased size of the wire can pay for itself in less than two years. 
At the same time, increased wire size is insurance against changing 
future needs and assures lower voltage drops. Some companies, 
as a matter of course, specify wire two or three sizes larger than 
minimum requirements in neutrals, which are often overloaded due 
to harmonics. Key elements that affect the payback, and thus the 
economic incentive, to install larger wire gauge, are the duty cycle, 
load factor and electricity price. When using the same size conduit, 
the increased cost of wire is minimal.

Conclusion

Energy efficiency brings a competitive advantage. Improving energy 
efficiency contributes significantly to the reduction of greenhouse gas 
emissions arising from fossil-fuel generated electricity. The economic, 
social and environmental aspects of sustainable development rely 
on the complex optimisation of many factors, including resource 
conservation, waste minimisation, energy efficiency, climate change 
mitigation, longer product life cycles, and effective recycling. Copper, 
the ‘green’ material, plays an important role in all of these solutions.
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