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T
he amount of energy used 
by electric motors is around 
45 per cent of all global 
electricity consumption. This 
gives rise to around 6,000Mt 

of CO2 each year. Motor-driven systems 
are also estimated to account for 65 
per cent of industrial electricity use. 
As a result, they need to be a focus for 
energy-saving activity.

Electric motors are normally 
purchased as part of an item of 
equipment, for example, an air 
handling unit. This means in most cases 
the end user is not the direct buyer 
of the motor. The end user often only 
becomes a motor purchaser when 
replacing the motor. When specifying 
systems that include motors, the end 
user should consider specifying what 
performance level(s) they require from 
the drive system.

Ideally, all the energy efficiency 
aspects of a motor-driven system are 
addressed at the system design stage. 
However, electric motors are not only 
efficient machines they are highly 
reliable, typically with a life span of over 
15 years. This means that opportunities 
to upgrade existing motors may be 
limited. Although the scope for motor 
replacements may be limited, there 
will be ‘legacy’ systems that offer the 

potential for retrofit improvements.
Before looking at the elements of a 

motor-driven system it is important to 
consider the purpose of the system. 
For example, a water circulation pump, 
how is it controlled? Is it running 
24x7 when only needing 8x5? The 
magnitude of savings here (in the 
region of 75 per cent) is many times 
the potential savings in the motor and 
drive system.

Motor is heart of the system
The heart of the system is the motor, to 
which is added motor control – ranging 
from a simple starter to a variable 
speed drive (VSD). Then, unless a 
direct drive system, a transmission 
system (typically belts or gearbox) is 
connected to the ‘load machine’. While 
there have been developments in 
motor efficiency the scope for savings 

in other elements of the system is more 
significant. Potential savings estimated 
by CEMEP (European Committee of 
Manufacturers of Electrical Machines 
and Power Electronics) are shown in 
the table above.

Focus on whole system
This suggests that 90 per cent of the 
savings potential occurs outside of the 
motor – hence a focus is required on 
the whole system.

This approach is reinforced by 
European Standard EN 50598 Part 2 - 
Energy efficiency indicators for power 
drive systems and motor starters. (This 
standard covers performance in the 
power range 0.12kW to 1,000kW.)

While motors come in a wide variety 
of types and sizes, the three-phase, 
ac, cage induction motor is the most 
common motor encountered in energy 
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Area of potential savings Potential saving

Increased use of energy-efficient motors 10 per cent

Electronic speed control 30 per cent

Mechanical system optimisation 60 per cent

Total 100 per cent

table 1. Potential savings estimated by CeMeP



table 2. the speed of an AC cage induction motor is determined by the number of poles

table 3. speed of a four-pole motor at different frequencies

management. The main components of 
this motor are the stator, rotor, casing, 
bearings and cooling fan. The stator 
windings carry the load current which 
creates a rotating magnetic field which 
induces current in the rotor forming a 
second magnetic field; the two fields 
interact, the rotor turns and torque is 
produced.

Wide range of motor sizes
Other types of motor that may be 
encountered include single phase, 
dc, permanent magnet, switched 
reluctance and the electronically 
commutated motor (ECM).

Motors can range in size from a few 
watts (a computer disc drive) to several 
MW for industrial machines. The motor 
rating (kW) is the shaft output power, 
so the electrical power required at full 
load will be the shaft power divided by 
the motor efficiency. Larger motors are 
typically more efficient than smaller 
motors. For example, a 0.75kW motor 
might be 80 per cent efficient while 
a 132kW motor might be 95 per cent 
efficient. This is because the physical 
size of the smaller motor restricts the 
engineering scope for higher efficiency. 
However, this is not to make a case for 
installing oversized motors.

research has shown that the typical 
motor operates at about 70 per cent of 
full load capacity. But some motors run 
at a significantly lower loading, maybe 
50 per cent or less, which leads to 
inefficiency and energy wastage. This 
is because the efficiency of a motor 
decreases with decreasing load. Higher 
efficiency motors have flatter curves 
in the 60-100 per cent load area, but 
drop off significantly below this, so any 
system with a motor running under 
50 per cent load may be a case for a 
re-sized motor.

Correct size for duty
As a rule, motors should be ‘right sized’ 
– that is correctly sized for the intended 
duty. This sizing covers the running 
load and the torque required to start 
the machine. Starting torque should 
be investigated and confirmed before 
any re-sizing. Needing a high starting 
torque can lead to having a motor that 
is larger than would be required for 
a similar load that had a low starting 
torque.

In the early 1990s there were just 
two efficiency categories, standard 
motors and Higher Efficiency Motors 
(HEMs). Initially, there were no 
published standards to specify the 
performance of a HEM. This changed 
in 1999 when the industry-led body, 
CEMEP, introduced the EFF rating. 
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Under this scheme the highest 
efficiency motor was rated EFF1 and 
the lowest was EFF3.

In 2008 IEC 60034 provided an 
international standard for motor 
efficiency and introduced the IE 
classification system. Under this IE1 is 
the lowest efficiency class with IE4 the 
highest.

The European Directives relating to 
motor-driven systems are Directives 
2009/125/EC & EU 640/2009 Minimum 
Energy Performance Standards (MEPS). 
These directives require:

• from 16 June 2011 motors between 
0.75 and 375kW placed on the market 
for the first time had to have a 
minimum efficiency class of IE2;

• from 1 January 2015 motors 
between 7.5 and 375kW had to have a 
minimum class of IE3 or IE2 if operated 
with a VSD; and

• from 1 January 2017 motors 
between 0.75 and 375kW need to have 
a minimum efficiency class of IE3 or a 
minimum IE2 if operated with a VSD.

The introduction of MEPS means 
that all new installations should meet 
higher standards. It also means that 
as time passes the availability of lower 
efficiency motors for replacements will 
decrease.

It should be stressed that MEPS 
specifies a minimum requirement – 
exceeding it may deliver further cost-
effective savings.

The speed of an ac cage induction 
motor is ‘fixed’ and is determined by 
the number of poles in the motor and 
the frequency of the ac supply – 50Hz 
in the UK – so in practice the speed is 
determined by the number of poles.

speed of loaded motor
The actual speed of a loaded motor is 
less than its nominal speed as a result 
of slip. For example, a fully loaded 
four-pole motor at 50Hz might run at 
1,425rpm, not the nominal speed of 
1,500rpm.

Where the speed of the load 
machine matches the motor speed 
a direct drive can be used. To have 
different speeds a transmission system 
is needed to couple motor and load. 
The most common approach is the 
belt and pulley drive. Using this the 
speed of the load can be at a fixed ratio 
relative to the motor speed.

Sometimes a speed change 
transmission may be used even if the 
load and motor have the same speed. 
For example, a load with a nominal 
speed of 750rpm could be matched 

with an 8-pole motor. However, in 
practice it would be more cost-effective 
to use a lower cost 4-pole motor with a 
belt and pulley drive.

In industrial applications gearboxes 
are also used – particularly where very 
low speeds are required. The efficiency 
of gearboxes can range from 85-90 per 
cent for a worm and gear gearbox to 
around 98 per cent for a helical gear box.

Pulleys and gearboxes provide 
a stepped, fixed speed change. It is 
possible to use a mechanical variable 
speed drive, but the preferred choice is 
for an electronic variable speed drive.

The electronic variable speed drive 
is also known as the inverter or variable 
frequency drive (VFD). In simple 
terms a VSD works by using power 
electronics to change the frequency 
of the power supply to the motor – 
one of the two factors determining 
motor speed. VSDs also provide other 
benefits in terms of motor control and 
protection. Among these is power 
factor improvement.

vsds on fans and pumps
VSDs, for energy saving, are typically 
best employed on fans and pumps – 
this is because these loads follow the 
cube law. With the cube law the power 
is proportional to the speed cubed. An 
example of this is reducing the speed of 
a fan by 20 per cent reduces the power 
required by 50 per cent. This type of 
load is known as a variable torque load. 
Note: Where a static lift is required with 
a pump system the cube law does not 
apply to that component of the load.

With constant torque loads, for 
example, air compressors, conveyors 
or crushers, the speed/power 
relationship is proportional. This means 
that a 50 per cent reduction in speed 
delivers a 50 per cent reduction in 
power.

A third type of load is constant 
power, for example, machine tools.  
With these, changing speed does not 
save power. VSDs used here are for 
process speed control, not energy 
saving.

For energy saving the VSD is best 
suited where it is known that the load 
it drives varies – for example, variable 
volume ventilation systems, variable 
flow rate pumping systems and air 
compressors.

Due to the efficiency of the drive, 
when running a VSD at 50Hz there will 
be a slight increase in the total power 
used. Accordingly, to save energy the 
VSD needs to run below 50Hz. It should 
be noted that VSDs can also be used 
to ‘overspeed’ motors and by running 
them above 50Hz energy use will be 
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Number of Poles 2 4 6 8 10

Nominal Speed 3,000 1,500 1,000 750 600

Frequency (Hz) 60 50 40 30 20 10

Nominal Speed (rpm) 1,800 1,500 1,200 900 600 300



energy savings, not the total motor 
price. It rarely makes economic sense 
to replace an existing working electric 
motor with a higher efficiency model.

Life cycle costing considers the 
costs of buying and operating over the 
lifetime of the equipment. For a motor 
with a reasonable level of continuous 
use the energy costs can be in excess 
of 95 per cent of the life time cost. This 
suggests that spending a little more 
money on the motor and its control 
system can make significant costs 
savings over its lifetime.

electronically commutated 
motor fans
A recent development is the EC fan unit 
which is a fan directly coupled to an 
electronically commutated dc motor. 
These offer variable speed control, 
reduced noise levels and claimed 
energy savings of up to 70 per cent. 
These units are ideal for air handling 
units (AHUs), fan coil units (FCUs) and 
air-cooled condensers. EC fans are 
typically available in smaller motor 
sizes with the largest currently on the 
market being around 5kW. In a HVAC 
system with a number of smaller fans 

an upgrade to EC fans might be an 
option to consider.

Performance measurement
Measuring only current (amperes) is a 
flawed method for determining motor 
power as the power factor at the load 
will not be known. Tachometers can 
be used and the load inferred from 
the speed and slip. However, the most 
accurate way to assess the power 
usage of an electric motor is by using 
a power meter or logger. For larger 
motors consideration should be given 
to permanent metering.

drive system installation & 
maintenance
Whilst a small improvement in overall 
efficiency can be obtained by taking a 
motor up an efficiency class, this can 
all be lost if the drive system is not 
correctly installed and maintained.

When installing, the alignment of 
the drive system is critical. The larger 
the system the more important this 
is. Misalignment, within mechanical 
tolerances, can add as much as 10 per 
cent to energy use and lead to early 
failure. It is good practice to use laser 
alignment tools where possible and to 
check alignment each time belts are 
replaced.

A key maintenance aspect for both 
motors and VSDs is ventilation. With 
motors the air vents need to be kept 
clean. With VSDs a common cause of 
failure is overheating – this can occur 
when the drive unit has been fitted 
in an unventilated cabinet. Another 
issue can be excess particulate matter 
getting into the motor. Where these 
conditions exist, appropriate protective 
measures are required.

Pro-active management of 
motor driven systems
Motors are an example of technology 
that is often fitted and then forgotten. 
To ensure a long and efficient life for 
a motor it is recommended that a pro-
active management approach is used. 
This includes having a motor inventory, 
making the repair/replace decisions 
ahead of motor failure, preventative 
maintenance and a formalised 
process for reviewing performance 
and identifying opportunities for 
improvement – often referred to as a 
motor management policy.

references:
Energy-efficiency with electric drive 

systems – CEMEP
CTV048 Motors and drives 

technology overview guide – Carbon 
Trust
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increased.
Some legacy industrial systems may 

use variable speed dc motors. The 
performance of modern ac motors with 
VSDs now matches the performance of 
dc systems and will have significantly 
lower maintenance costs making 
replacement potentially cost effective.

When installing VSDs there are a 
number of aspects to be considered 
including motor insulation, cabling, 
harmonics and power quality. Motor 
insulation can be an issue for some 
older motors when run significantly 
below their nominal speed as 
overheating may lead to motor failure. 
Guidance should be sought from the 
supplier(s).

Switched reluctance drives can 
also be used – for example, in air 
compressors or applications where 
very high speeds are required. These 
tend to be more expensive than 
conventional motors with VSDs.

Use systems only when needed
Large energy savings can be made 
by only operating systems when they 
are needed. However, the frequency 
of start/stop cycles may be limited 
to prevent damage to the motor or 
system. Power spikes from starting 
may also be an issue creating stress on 
the distribution system and increasing 
demand charges. With a direct on-line 
starter there can be a current surge 
of seven times running current 
when starting the motor. This can be 
overcome by using a ‘soft starter’. A 
soft starter is an electronic starter 
that controls the power supply to the 
motor and delivers a smooth start 
with minimal over current. (It can also 
provide a soft stop option) In addition 
to avoiding power peaks and motor 
overheating, a soft start also reduces 
the mechanical impact of starting. 
The energy savings by using a soft 
starter come from the ability to switch 
the motor on/off more frequently to 
match demand requirements. A soft 
starter will be more expensive than a 
conventional starter, but it provides 
better motor protection and costs less 
than a VSD.

Motor repair or replace?
There are two main failure modes of 
electric motors. One is failure of the 
motor insulation/windings the other, 
failure of the bearings. According 
to the IEA just over 50 per cent of 
motor failures are bearing related. 
Good maintenance of motor systems 
reduces the chances of failure.

A correctly installed, well maintained 
motor that is the right type and size for 

its duty will be very reliable and have 
a long life. However, when a motor 
does fail there are two actions to be 
taken. First is failure analysis to identify 
the cause and determine if there was 
an inherent fault in the system or its 
installation. Next is establishing if the 
motor should be repaired or replaced. 
Ideally this decision should have been 
made before the motor failed. As a 
general guide if a motor is a ‘stock’ 
type with a duty of 2,500 hours or 
more a year or a motor below say, 3kW 
there may be lifecycle cost benefits 
in replacing the motor with a higher 
efficiency model rather than repairing.

For very large motors, or specialist 
motors or motors with very low 
running hours a repair maybe 
more economical. When looking at 
upgrading a failed motor the financial 
appraisal should be based on the 
marginal cost of the higher efficiency 
motor. That is, the cost difference 
between the like for like replacement, 
or repair and the enhanced efficiency 
motor. The argument here is that the 
motor must be repaired/replaced 
anyway, so it is the additional or 
marginal cost that needs to be met by 
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6. what would be the nominal speed of a 
4-pole induction motor running on a 
50hz supply?

n  3,000
n  1,500
n  1,000
n  750

7. what is the speed of a 4-pole motor 
running on a 30hz supply?

n  1,200
n  900
n  600
n  300

8. a fan is an example of what type of load?

n  Constant torque
n  Variable torque
n  Constant power
n  Maximum torque

9. what level of current surge can occur 
when starting a motor?

n  3 times load
n  5 times load
n  7 times load
n  10 times load

10. what percentage of motor failures are 
accounted for by bearings?

n  20 per cent
n  35 per cent
n  45 per cent
n  50 per cent
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1. what percentage of industrial 
electricity use is accounted for by 
motor driven systems?

n  35 per cent
n  45 per cent
n  55 per cent
n  65 per cent

2. Below what level of loading is it worth 
looking at re-sizing a motor?

n  85 per cent
n  75 per cent
n  65 per cent
n  50 per cent

3. Under the CeMeP rating scheme what 
was the most efficient motor?

n  EFF1
n  EFF2
n  EFF3
n  EFF4

4. Under IeC what is the lowest efficiency 
class?

n  IE1
n  IE2
n  IE3
n  IE4

5. at what date was it a requirement for 
motors between 0.75kw and 375kw 
to be Ie3 or Ie2 with a VSD

n  January 2015
n  January 2016
n  January 2017
n  January 2018

entry ForM

QUeSTIonS
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Combined heat & power 
as an energy source

“ Energy in Buildings and Industry and the Energy Institute
are delighted to have teamed up to bring you this
Continuing Professional Development initiative ”
             Mark Thrower Managing Editor

By Wayne Ward, managing director at Building Services Sustainability & Environmental 
Consultancy Ltd

C
ombined heat and power 
(CHP), or cogeneration, is 
a highly efficient process 
that capitalises on the heat 
generated as a by-product 

of the generation of electricity. Coal and 
gas-fired power stations can often be 
seen expelling wasted heat energy as 
clouds of steam from cooling towers. 
CHP systems exploit the heat energy 
that would otherwise be wasted in 
traditional electricity generation, to 
produce both electricity and heat in a 
single process.

The UK government states that 
installing CHP saves organisations 
around 20 per cent of their energy 
costs and reduces CO2 emissions by up 
to 30 per cent. The main drawback with 
CHP is that to gain maximum efficiency 
it is recommended to be operated for 
around 4,500 hours per year.

CHP has been proven worldwide 
to be an effective means of reducing 
operating costs and environmental 
damage in domestic, commercial and 
industrial scenarios. It is widely used in 
countries like the Netherlands, Finland 
and Denmark. In Finland, 82 per cent of 
electrical power generation in 2012 was 
produced via cogeneration. Germany is 
on-course to provide 25 per cent of the 
country’s power through cogeneration 
by 2020. 

It is believed that the first CHP 
application was undertaken in the 
United States in 1882 with the Thomas 
Edison-designed Pearl Street Station, 
the world’s first commercial power 
plant. This plant burned coal to 
generate enough electricity to power 
approximately 400 lamps, and the 
waste bi-product of heat was used to 
warm neighbouring buildings. The 
Pearl Street Station CHP was thought to 
be about 50 per cent efficient.

Today, CHP plants are able to work 
at an efficiency around 85 per cent, 
which is thought to be 25-35 per cent 
more efficient that the separate energy 
systems it replaces. 

Electricity is generated by burning a 

variety of fuels (e.g. mains gas, gaseous 
waste fuels, commercial waste fuels 
etc.) in an engine or turbine that’s 
connected to an alternator. During 
this process, a significant amount of 
heat is created as a by-product, which 
is usually wasted in conventional 
power generation. However, in a CHP 
application, the heat from the exhaust, 
oil cooling circuits and water jacket is 
recovered and distributed to a nearby 
heating system. This reduces the 
requirement to burn additional gas 
in a boiler or central heating system. 
Energy from CHP is nearly always 
produced locally to its end user, which 
limits the amount of energy loss due to 
transmission.  

Excess electricity generated can 
be sold to the grid, and any shortfall 
in electricity can be purchased from 
the grid. As battery technology is 
increasingly reducing in cost, further 
benefit can be derived by storing the 
generated electricity for use during 
peak times, subsequently further 
reducing reliance on the grid. In 
addition, this helps to reduce reliance 
on the grid at times of fluctuating 
demand.

There are multiple types of CHP 
engines, each suited to different output 
requirements. The size of the unit will 
depend on the calculated or estimated 
base heat load (CHP is most economic 
when the unit is sized slightly over the 
baseload heat load).

An internal combustion engine in 
a CHP unit works in a similar way to 
the engine in a motor car. The unit 
burns a fuel (normally natural gas or 
compression-ignition diesel) which 
generates motive power. The power is 
turned into electricity via an alternator. 
The wasted heat will be used to heat 
a body of water, or sometimes to 
create steam. Exhaust gases can be 
as hot at 600oC, which produces 
low temperature hot water (LTHW) 
temperatures of up to 95oC.

Electrical efficiency of these units is 
low (20 per cent), but thermal efficiency 

is slightly higher (20-40 per cent).
These internal combustion engines 

are best suited for small sites which 
a high demand for hot water in 
comparison to electricity. The ratio of 
heat to power is approximately 1.5:1 but 
decreases with size. 

Unit sizes vary from 50kWe – 
1,500kWe.

They are used in: smaller 
(decentralised) hospital buildings, 
hotels, leisure buildings, individual 
university buildings, small residential 
buildings on a district heating scheme.

Gas turbines are the most common 
prime mover on larger scale CHP units. 

In a gas turbine engine, a fuel is 
burned (normally natural gas) in a 
combustion chamber, causing heat 
and pressure to force air down the 
unit to drive a series of turbine blades. 
The pressurised air drives a generator, 
generates electricity via an alternator. 
The expelled heat is utilised by a 
heat exchanger to provide hot water. 
Typical entry temperatures are in the 
region of 900-1,200oC, with exhaust 
temperatures in the region of 500oC 
depending on the scale of the turbine. 
The heat to power ratio can be as 
high as 5:1 in certain applications if 
‘supplementary firing’ is undertaken 
(which enables control over varying 
amounts of heat. 

These setups are reported to be very 
reliable. However, they are very loud 
units, have a lower electrical efficiency 
than reciprocating engines and are not 
efficient at periods of low demand.

Smaller units (up to 500kWe) have 
a low electrical efficiency (around 
20-30 per cent) so have to be used 
with a recuperator to preheat the air 
to ensure it qualifies as ‘Good Quality 
CHP’ as defined by the UK CHP Quality 
Assurance Programme.

It is possible to get micro turbines as 
integrated packages with absorption 
cooling to enable tri-generation.

They find use in: hospital buildings 
with a district heating system, 
universities (with district heating), large 
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Water Management in 
Buildings & Industry

“ Energy in Buildings and Industry and the Energy Institute
are delighted to have teamed up to bring you this
Continuing Professional Development initiative ”
             Mark Thrower Managing Editor

 By Joe McClelland, senior energy consultant

T
here is a global increase 
in floods and droughts 
and the question is as to 
whether this is just normal 
weather fluctuations, or if it 

is the new norm in prevailing climate 
conditions, as some compelling data 
suggests. Globally, the spatial and 
temporal changes to rainfall patterns 
when combined with a growing 
population mean that by 2035 an 
estimated two-thirds of the world’s 
population will live in an area of water 
stress, which has led to water shortage 
being seen as a primary threat to global 
stability.

Mostly to date we have delivered 
only supply-side solutions but 
Consumers need to understand that 
water is not unlimited and that a major 
part of the solution will depend on 
integrated supply and demand-side 
measures. 

This is the challenge— centralised 
management of utilities gives 
efficiencies but makes the problem 
distant from the solution, local 
solutions at industry, commerce 
community and household levels 
are the most efficient ways to deliver 
demand management, but utilities 
don’t have the capacity to manage 
millions of individual household water 
saving projects.

This message is delivered to 
consumers via third party routes 
augmenting utility programs and 
building a water saving culture. 
At the same time links are being 
made between the environmental 
programmes of water utilities, energy 
utilities, and corporates and this will 
add value to each of the programmes, 
this also gives the opportunity for 
cross-funding. 

Water, waste, energy, and CO2 
savings at all levels can be aggregated 
into integrated managed savings 
programmes.

This article will focus on how water 
management can deliver resource, 
energy and cost efficiencies through 
integrated Water Management within 
the built environment.

Water management in the 
environment is the activity of 
managing the optimum and cost 
effective use of delivered water 
resources. It is a sub-set of resource 
management. Ideally, the water 
management process has regard to 
demand for water supply, subsequent 
wastewater levels, and how to reduce 
these without affecting the existing 
quality of service. 

Successful management of any 
resource requires accurate knowledge 
of the resources available, the uses to 
which it may be put, the demands for 
the resource and processes to measure 
and evaluate these and to identify, 
implement and verify the outcome of 
applied conservation measures.

Managing water use in buildings 
covers many elements, from initial 
investigations and commitment 
from senior management, through 
to implementation and continuous 
improvement.

It is vital to have effective 
procedures in place to manage a water 
reduction programme, otherwise any 
improvement may become a one-off 

initiative with no follow-up; employees 
will not be motivated to continue good 
practices and the programme will lose 
momentum and fail.

Ensure your employees are aware 
of the total cost of water to your site – 
water is often an undervalued resource 
and some sites still believe it is free. 

Potential cost savings associated 
with water efficiency improvements 
are often the driver that motivates 
management to support a water use 
reduction programme.

Successful management involves 
identifying and initiating water saving 
projects; continual monitoring of water 
use and company/staff practices; and 
a timely, appropriate response to the 
information gathered. 

The initial water management 
process as shown in Figure 1 (see page 
26) consists of:

• assessment – a high-level 
assessment of the existing services 
potential for the site;

• data gathering – check historical 
bill payments and meter readings and 
gather all data available for the last two 
to three years;
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Make More Efficient 
Use of Compressed Air

“ Energy in Buildings and Industry and the Energy Institute
are delighted to have teamed up to bring you this
Continuing Professional Development initiative ”
             Mark Thrower Managing Editor

By John Pooley, managing director, John Pooley Consultancy Ltd

C
ompressed air is a vital 
resource for many 
industrial applications 
representing about 10 
per cent of industrial 

electricity use in the UK. The uses of 
compressed air range from process 
and instrumentation through to hand 
tools. A common use of compressed 
air is for tyre inflation. A more unusual 
application is the launching of 
fireworks to avoid the use of black 
powder. Compressed air is also being 
researched as an energy storage 
medium. The benefits of compressed 
air include its safety in explosive 
environments and its non-overload 
characteristic for certain processes.

Compressed air is one of the most 
expensive utilities used. Given that 
typically 90 per cent of the energy 
input to an air compressor is ‘lost’ it can 
be argued that compressed air is ten 
times more expensive than electricity. 
Additionally, many compressed air 
systems have high levels of leakage 
or wastage - sometimes more than 35 
per cent.

With an understanding of the 
technology and using a systems 
approach it is possible to maximise 
the efficiency of a compressed air 
system and reduce its energy use and 
operating costs.

The common units used are bar 
(gauge) for pressure and either litres/
sec (l/s) or cubic metres per hour 
(m3/h) for flow. Pressures are gauge 
pressure unless otherwise noted. Some 
people still use Imperial units when 
talking about compressed air – psi (for 
pressure) and cfm (for flow rate). 

A typical industrial compressor 
might be rated for 330 l/s at 7 bar or 
700 cfm at 100 psi.

While most industrial compressed 
air systems operate at around 7 bar, 
specialist systems, such as those 
for PET bottle blowing operate at 
pressures as high as 40 bar. If the 
required working pressure is less than 
1.5 bar a blower can be a more energy 
efficient option.

The energy professional is normally 

involved with existing compressed 
air systems. These systems have 
often grown over time with additional 
pipework, additional uses and 
additional compressors. These 
on-going additions often introduce 
inefficiency when they have not been 
correctly engineered.

Start with the end use
Traditionally, a review of a compressed 
air system starts with the air 
compressor. However, there is benefit 
in starting with the end uses of the air. 
There are two reasons for this. The 
first is that there may be compressed 
air uses that can be replaced with 
other more efficient methods. The 
second is for essential usage it is 
important to establish exactly what 
the requirements are in terms of flow, 
pressure and air quality, which in 
turn impact on system operation and 
economics.

It is important to ‘challenge’ all uses 

of compressed air. There may be good 
reasons to use compressed air – but if 
there are not, look at the alternatives.

Examples of processes for which 
compressed air is typically the right 
solution include: blow moulding, 
breathing air, spray painting (although 
it is possible to have airless spraying), 
microelectronics manufacture, tyre 
inflation and air bearings.

Some uses of compressed air that 
could be replaced include: generating a 
vacuum (use a vacuum pump), product 
assembly tools (use electric tools), air 
knives (use a blower instead), liquid 
agitation (use a mechanical stirrer or 
blower).

Three key parameters need to be 
established for all compressed air 
applications:
• pressure;
• flow rate; and
• air quality.

Increases in any of these boost 
the cost of compressed air, so ideally 
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