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Saving the fourth utility

Author E C Harding CEngMIMechE - Air Technology Ltd

ompressed air, often known
as the fourth utility, is used
throughoutindustry and other
sectors asavery convenientand
popular means of transmitting energy
from the incoming source to usage points
for many applications and processes
at several pressure levels. If the system
is designed and correctly operated
compressed air is safe but it can be very
dangerous ifimproperly applied.

Recent developments from the
compressed airindustry, such as
improved compressor and drive motor
efficiency, variable speed drives,
electronic compressor control systems
and online condition monitoring, have
helped to make air systems more
efficient and these give opportunities
for energy and other cost of ownership
savings that can provide good paybacks
on capital expenditure.

Applications for compressed air
go backinto quite ancient history as
ameans to increase the intensity of
fires for metal smelting using manually
operated bellows at furnaces —a process
stillin use today in the steelindustry and
otherindustries using large electrically
driven low pressure compressors.

Asindustries turned from manual
labour to use of machinery, compressed
air was used and still is in mining,
shipbuilding, automotive manufacturing
and general industry and its use has
grown into many other fields such as
waste water treatment, pharmaceuticals,
chemical processes, microelectronics
and a plethora of other applications.
Many of the more recent applications
demand very high levels of air purity, all of
which add to the cost of air generation.

Table 1 below gives typical
applications of compressed air, from
ultra-high vacuum to the highest used
pressures.

The diagram above (Fig 1) shows
the components of a typical industrial
compressed air system.

Filtered Separator
‘witn Drain Trap

Rental Hook-up

Auxilliary
Air Receiver

with Drain Trap
Bypass Service Loop

Refrigerated Air Dryer

Eco-Drain (No Air-loss Drain)

0il Removal Filter
with Drain Trap

Fe 0il Collection Pail
\ % il Vapor
L 7 Finer
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Fig 1. The components of a typical industrial compressed air system

Evaluating efficiency

Whatis not always understood is that
compressing is an extremely costly
method of transmitting energy. As

an example, the energy cost to drive
apneumatic tool at 7 barg suchas a
drillisincreased by a factor of 10 when
compared with using an electrically
driven drill. This is due to the waste heat
thatis rejected by a compressor, which
canamount to 90%.

Compressors are only needed
because the customer has a use for
compressed air but as they are the
beginning of the processitis logical to
start with air generation.

There are several ways of expressing
the efficiency of compressors such
volumetric, isentropic and polytrophic
but the only important measure of
efficiency is the power input versus
the air output at the specified pressure
— thisis known as the specific power
consumption (SPC).

The SPC depends on the size and
configuration of the machines. At 7 barg
it should be around 11 to 13kW/100m3/h
with the compressor on full load.

Table 1. Typical applications of compressed air

Description ‘ Pressure bar

‘ Applications

Surface spectrometers, particle

Ultra high vacuum >-0109 accelerators and other scientific
applications

Medium vacuum -10 10 Glass blowing, dearation, dewatering
and evacuation

Low pressure Up to +4 Waste water tre_atment and product and
powder conveying

Medium pressure +710 +10 Gengral industry, handyman and
dentistry

Medium to high pressure +15 Aerosol filling

High pressure +40 PET bottle blowing

Ultra high pressure +400 Specialist air bottle filling

Itisimportant to know the off load and
partload power consumptions as well as
the fullload, as very few compressors will
be running at full load.

There are many configurations
of compressors based on the flow
and pressure requirements such as
reciprocating, vane, diaphragm, toothed
rotor, scroll, roots blowers, rotary screw
and centrifugal machines with lots of
subsets around cooling, pressure and air
quality requirements.

The most popular machines seen
inthe field are rotary screw and piston
positive displacement machines and
centrifugal flow dynamic machines.

The performance of positive
displacement types can bestbe
described with a pressure volume
diagram as shown in Fig 2 on page
18. This type of machine inhales and
compresses a fixed volume of air. This
would be for a typical single stage piston
or rotary screw machine.

Here it can be seen the air volume
inhaled is compressed to the terminal
pressure according to the equation
PVn =Cwhere nis the gas constant
(for air thisis around 1.39). Asthe airis
compressed its volume decreases with
the amount being delivered into the
system being in relationship with the
absolute compression ratio which in the
case shown will be 1/8th.

Once the piston or open screw or
vane flute completesits air delivery
the compressed air left trapped within
the machine has to re-expand until
atmospheric pressureis reached, at which
time the machine caninhale more air.

The compressor can only deliver the
amount of air thatitinhales —this is known
as the Free Air Delivered (FAD). The
volumetric efficiency is the FAD divided
by the swept volume.

The area contained within the curves is
proportionate to the work being done to
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compress the air.

The most efficient theoretical
compression cycle isisothermal, during
which the temperature is constant.
Compressor designers attempt to
approach isothermal by such methods as
intercooling and oil or water injection.

In practice, when optimising air
generation systems engineers should
ensure that compressor intake airand
cooling stream temperatures are as low
as possible, suction filter pressure drop
is minimised, and the delivery pressure
is setaslowas possible to keep the
compression ratio down and reduce the
work being done.

Compressors are normally sized
with some spare capacity to allow for
peak demands so pressure drops are
avoided and some growth for the future.
This means that efficient controlis
important both of individual and groups
of machines.

The most popular method of individual
control of fixed speed machines can
be by inlet valve opening whenair is
required or shut when there is no air
demand known as two-step or all on-line
offline control. Inlet valves can also be
modulated over the higher ranges of
demand from around 60 to 100%. Inlet
valve operationis controlled by the
system air pressure that whenrising to
its top limit the machine willunload and
when the pressure falls to its pre-set low
limit the machine will load.

Two step control of fixed speed
machines is the most frequently seen.
Long periods of no-load running should
be avoided as the power consumption will
be around 20 to 25% of the full load power.

Variable speed drive is available for
positive displacement machines; this
can be more efficient than two step
or modulation control as long as the
machine is correctly sized and does
notrun for long periods above 80% of
capacity where invertor and other losses
make the machine less efficient.

The most common form of dynamic
machine foundinindustry is the
centrifugal flow machine. This type of
machine inhales a volume of air at the
atmospheric conditions prevailing, then
acceleratesitin high speedimpellors,
thus imparting kinetic energy that is
transformed into pressure energy by
reducing the air speed in the diffusers.

This machine has a characteristic
curve as shown above in Fig 3. These
machines can be controlled efficiently by
inlet valve, inlet guide and diffuser guide
vanes over the stable operating range
before natural surge pressure becomes
close to the design pressure.

Application
To arrive at the best machine fora
given duty the configuration must be
established.
Issues that must be considered are:
® The airdemand pattern over a typical
process period
® The air pressure required
® The air quality required in terms of

Fig 2. Pressure volume of positive displacement compressors
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Fig 3. Centrifugal flow machine
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Qutput varies with temperature,
pressure &inlet throttling

pressure dewpoint, hydrocarbonand
particulate contentand any special
requirements such as silica free
® Maintenance requirements
® Standby capacity needed
Given this information a detailed
specification should be written from
which qualified vendors can produce
proposals and detailed bid analysis can
be undertaken. This work will resultin
ensuring that the machinery chosen may
not have the lowest cost but will have the
best life cycle costs for the duty.

Group control systems

Group control systems should always

be aimed at ensuring that the most

efficient machines in the installation

are online at all times at the minimum

sensible generation pressure. Electronic

panels are available that the right mix of

machinesis online atany one time.
Correct sizing will avoid control gaps

Fig 4.

Volume

that can occur when running a fixed and
variable speed control machine together.

The example below (Fig 4) shows a
typical control gap where two equal
sized compressors, one fixed speed the
other variable speed, are runtogether to
provide air to a plant.

This is a very wasteful situation and
can be quite damaging as the fixed speed
machine is having to load and unload
frequently.

One solution to the control gap
problemis to use a smaller fixed speed
machine as base load with output below
the minimum demand of the control gap
and a larger variable speed machine with
capacity to cover the rest of the demand
as shown belowin Fig 5.

Another solution thatis gaining
popularity is to have the demand met by
machines that are all driven by variable
speed motors. Inthis case the group
controller will runthe all the machines at

Fig 5.
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their best efficiency and provide good
energy savings.

Air treatment

Following generation, the air is treated

to the standard required by the end

using process by a variety of methods.
The quality of the air used ranges from
quite low for tools to extremely high for
microelectronics paint finishing, food,
and pharmaceuticals where the air canbe
in contact with the product.

When the air leaves the final stage of
the compressor at terminal pressure it
is hot and fully saturated with water that
has beeninhaled from the atmosphere.
Asthe airis cooled water condenses and
if there is no treatment it will arrive at the
usage points.

This cannot be tolerated and
treatment to remove the water following
air compression is required.

Thefirst stage of treatment is
the aftercooler that can be air or
water cooled. This will reduce the air
temperature from over 100°C to within
10° of the cooling medium's temperature
and will remove around 80% of the water.
This good enough for some end users
but most require that further treatment
will be required.

There is usually a wet air receiver sized
correctly for the delivered volume of
the installed compressor capacity. This
removes some of the entrained moisture
and helps smooth out any pulsations.

Selection of the correct dryer for the
duty willdepend on the required pressure
dewpoint for the process. Condensate
removal from the aftercoolers, air
receivers, filters, dryers and other
drainage points should be by use of
automatic drains the best type being of
the zero-loss electronic configuration.

Other contaminations foundin
compressed air are oiland particles.

The most popular general purpose
compressors are usually lubricated
screw or piston machines that have
oilinthe compression chambers.

Some hydrocarbons are presentinthe
atmosphere inindustrial areas and these
are inhaled and concentrated by the
COompressors.

For specialist end users, such as
pharmaceutical plants, microelectronic
manufacturers, food and beverage plants
and motor vehicle paint shops, oil free
compressors are normally specified. Oil

oF
s
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can be removed from the compressed
air by filters, sometimes in several stages
to arrive at the quality required. Odours
from air that is used for breathing can be
removed by carbon towers.

For specialist duties the air system
pipework is manufactured from welded
polished bore stainless steel or copper to
prevent particles.

The ISO8573.1 compressed air
quality standard should be used when
specifying air quality for the above
contaminants. This will ensure that the
correctlevels of treatment are applied for
the duties the airis to be used on saving
both capital and energy costs.

The chart given below (Fig 6) shows
asummary of the standard and the
classification of the contaminants and
various levels.

Another contamination that occurs
incompressed air systems is microbial;
this must be avoided in pharmaceutical
manufacturing and some beverages and
food products for domestic use where
shelf life can be reduced by microbes that
live in the compressed air systems.

Treatmentis by the use of steam
sterilised filters and use of desiccant
dryers, as microbes cannot breed in air at
pressure dewpoints below -30°C.

Distribution networks
Following treatment there is often a dry
air receiver; then air is fed to the usage
points by distribution networks. These
should be sized with a maximum flowing
velocity of 6 metres per second with the
full output of the compressor station on
line to avoid pressure losses.

Ring mains are preferred to spur mains
and local air receivers can be beneficial
close to points of high demand.

Use and misuse

Because compressed air is expensive its
use should be carefully considered. As
an example it may be possible to use an
electric tool rather than anair tool, ora
centralised vacuum system rather than
local vacuum ejectors on a production
machine.

Onceitis established compressed air
isto be used, then the correct pressure
for the duty should be applied. To avoid
overpressure local regulators can be
employed.

When there is no productionona
ling, ina department or a factory, the air
should be turned off to avoid waste. Any
essential users can be supplied by small
Compressors.

Leakage
Leakage is one of the main sources of
waste in air systems and can often be
easily rectified. The optimum leakage
rate should be less than 5% of the mean
production air demand. This figure can
usually be arrived at by taking timings
of the loaded and off loaded times or
by speeds of variable drive units or by
flow metering during and in and out of
production times.

There are several methods of leak

Compressed air
drying methods

Condensation

|

Refrigeration
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I

I

Heatless

I Hoated
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detection such as by ear and soap and
water solutions but the most effective
method is by use of a good quality
ultrasonic leak detector.

Leaks that occurin the hard piping
before any system regulators will vary in
airloss according the absolute system
pressure ratio as the pressure rises
and falls with compressors loading and
unloading. This is known as artificial or
unregulated demand. The leakage loss
downstream of regulation is a constant
amount.

Waste heat recovery

The heatrejected by air and water cooled
compressors in their cooling streams
can be recovered and used if a suitable
application can be found.

New developments
The compressed air and using
equipment supply industries are
becoming much more aware of the
energy costs associated with the service.
With compressors the drive efficiencies
have beenimproved by use of permanent
magnet motors mounted directly on
the compressor drive shaft. These
have very high electrical efficiencies,
eliminating the coupling or belts reduces
the drive losses. This type of motor can
be controlled by aninvertor to provide
variable speed drive.

The most popular compressors are of
the oilinjected single stage rotary screw
configuration that have good efficiency

atrelatively low cost.

To furtherimprove compressor
efficiency itis now possible to obtain
two stage oil injected machines
where both the low pressure and high
pressure elements are containedinthe
same casing. Two stage oil free screw
compressors are now available with
LP &HP air ends individually driven by
its own permanent magnet motor thus
eliminating the need for a gear box and
oilthat enables the machine to have very

good efficiency over a wide range of flows.

Latest designs of centrifugal flow
dynamic machines include permanent
magnet motors with the high-speed
pinions directly driven. The pinions can
be supported on magnetic or air foil
bearings again meaning that no gear
box and lubricating oil is required, saving
energy and maintenance.

Energy saving developmentsin air
treatment systemsinclude desiccant
dryers using waste heat of compression
to regenerate the towers, dewpoint
sensing control and low pressure loss
dryer and filtration systems.

Maintenance
Making sure that all the components of
acompressed air system are properly
maintained is mostimportant from
the energy efficiency and reliability
standpoint.

Itis recommended that the original
equipment manufacturer or their
accredited agent are used to undertake

Fig 6.
Technology: Filtration Drying Filtratjon
19 Summary of ISO8573.1-2010
Class Particulate - Maximum number of particles per m* Dewpoint | Ol carry
Particle size over
<01 0.1<d<0.5u l 0.5<d<1.0u I 1.0<4<5.0 °C Mgm®
m m pm

0 As specified by the equipment user or supplierand more stringent than class 1

1 Not specified 20.000 400 10 <70 <0.01

2 Not specified | 400,000 6.000 100 <-40 <0.1

3 Not specified Not 90,000 1,000 <20 <l
specified

] Not specified Not Not 10,000 <+3 <5
specified specified

5 Not specified Not Not 100,000 <+
specified specified

6 SSMegm® <+10

7 3>Cp<lOMgn® Cws0.5

o

8 0.5<Cw<5

9 5<Cw<0.5

X Cp>10 Cw>10 >3

all service work and thatitis conducted
within the recommended hours run. It
is afalse economy to run machinery for
longer than the recommended intervals
because the additional energy costs far
outweigh any advantages.

AIR SYSTEM OPTIMISING
Optimising compressed air systems
can enable excellent energy savings
of around 30%, some of which can be
achieved at little or no cost.

Achievable savings can be generalised
with the firstlow cost 10% coming
from reducing leakage, wastage and
generation pressure and condensate
trap losses, the next medium cost
10% that should provide a return
oninvestment within one year from
improving distribution networks,
compressor control and air treatment
and improved maintenance, with the
final higher cost 10% coming from new
compressors, variable speed drives, new
efficient air treatment systems and point
of use improvements.

Energy savings areas are air
generation, air treatment, distribution
networks, use and misuse, leakage and
waste heat recovery. Each of theseis
discussed below:

With air generation the minimum
pressure that is required at the usage
points should be established then the
potential saving by reducing the air
generation pressure can be calculated
based on a cost reduction of 6% per bar
of pressure reduction. To enable pressure
reduction restrictionsin the air system
should be identified and eliminated.

With the air system on full load the
pressure loss across the air treatment
system should not exceed 0.5 bar and
from the exit of the treatment system to
the far end of the distribution system the
loss should not be greater than 0.2bar.

Control systems that ensure only the
minimum number of machines to meet
the duty are online. Variable speed
driven machines can be very beneficial
but should not be run for extended
periods at over 80% capacity due to
invertor losses. Control systems should
always be programmed to ensure that
variable speed machines are always used
as the control unit when there is a mix
of variable and fixed speed units. Fixed
speed machines should always be used
as base load units.

Treatment should be to the minimum
standard required; as an example airata
pressure dewpoint of +3°C is perfectly
suitable for most factories but there may
be asmall use of high quality air at-40°C
forinstrumentation that should be treated
by alocal dryer to save energy costs.

All desiccant dryers should be fitted
with dewpoint sensing controls that will
avoid over regeneration of the towers.
Itis possible to obtain energy efficient
zero air loss desiccant dryers that have
external blowers or vacuum pumps with
the regeneration heat source being
waste heat from the compressors or
steam.m
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Please mark your answers below by placing a cross in the box. Don't forget that some questions might have more
than one correct answer. You may find it helpful to mark the answers in pencil first before filling in the final answers
inink. Once you have completed the answer sheet, return it to the address below. Photocopies are acceptable.

gz energy

Questions

Q1-Approximately what percentage of industry's
electricity bill is spent on generating compressed
air?

Answer choice

O 10%

O 15%

O 20%

O 25%

Q2-Why does compressed air at 7 barg used for an

air tool cost 10 times more than the electricity used

for an equivalent electric tool.

Answer choice

O Because the air is supplied through a hose of too
small a diameter

O Because the air tool bearings are too stiff

O Because the compressor rejects over 90% of the
input energy

O Because the airis on all the time

Q3 -Whatis the best method of determining
compressor full load and partload efficiency?
Answer choice

O Its power consumption

O The temperature of the cooling medium

O Its specific power consumption

O The unloaded power consumption

Q4 -Whatis the typical off load power for a screw
compressor running load/no load?

Answer choice

O 25%

O 65%

O 10%

O 80%

Q5 -What is the difference between positive

displacement and dynamic machines.

Answer choice

O The dynamic machine runs at a higher speed than
the positive displacement machine

O The positive displacement machine inhales a fixed
volume then pressurises it to terminal pressure

whereas the dynamic machine imparts kinetic
energy on the inlet air stream.

O The dynamic machine is only available for oil free
duties

O All of the above

Q6 - What contaminants can occur in compressed
air?

Answer choice

O Oil

O Water

O Particulate

O All of the above

Q7 -To avoid pressure losses what should the flowing
velocity in air mains be?

Answer choice

O 6m/s

O 10m/s

O 2m/s

O 30m/s

Q8 -How would you use waste heat from a
compressor?

Answer choice

O For space heating of a factory

O To heat domestic hot water

O To preheat boiler feed water

O All of the above

Q9 -How much can the energy cost for generating 7
barg air be reduced if the pressure is lowered by 0.5
bar?

Answer choice

0O 3%

O 6%

0O 2%

O011%

Q10-Whatis the best method of making a desiccant
dryer efficient?

Answer choice

O Change the desiccant

O Bypass the dryer

O Fit dewpoint sensing control

O Buyanewdryer

Please complete your details below in block capitals.

Name

Business

Business Address

Post Code

Emailaddress

TelNo.

Completed answers should be mailed to:

The Education Department, Energy in Buildings & Industry, 1b Station Square, Flitwick, Beds, MK45 1DP.
Or scanand email to: editor@eibi.co.uk. All modules will be supplied to the Energy Institute for marking.
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