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Compressed air costs reduced by automatic
control system
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Case Study Objective

To demonstrate the energy and cost sav-
ings of an automatic system to control the
operation of air compression plant,
Potential Users

Any compressor house containing three or
mMore ComMprassors,

Investment Costs (1991)

Total system-related costs were £31,700,
of which £20,000 weare capital costs (1991
prices).

Savings Achieved

600,000 kWh (2,100 GJ/year, worth
£24,000/vear (1291 prices),

Payback Period (1991)

1.3 years (direct benefit from controller);
sight months {taking account of conse-
quent leakage reduction),
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Reduced Costs and Improved Payback
at 1998 Prices

Since the writing of this case study in 1991,
the required investment costs have fallen
significantly, such that had the controlier
been installed in 1998 instead of 1991, the
capital cost would be reduced from
£20,000 te £2.973 plus £600 for installation
of the basic contral. This would reduce the
payback [direct benefit from the controller)
to less than 3 months, compared ta 1.3
years in 1981, and is despite the lower cost
of electricity to Land Rover in 1998.

Case Study Summary

The installation of a computerised com-
pressor control system has reduced com-
pressed air generation costs by 18.5% at
Land Rover. The system was installed and
has been cperated with no disruption 1o
production, The overall costs for the system
produced a payback period of 16 maonths

which could be replicated on most com-
pressed air systems utilising three ar more
compressars. This presents a simple and
reliable opportunity for large compressed
air usars to raduce their elecincal costs.

Further savings of 20% were also obtained
by repairing compressed air leaks. This
potential exists for most comprassed air
users and represents an immediate cost
saving opportunity. It was highlighted at
Land Rover by the new control system,
which guantified the amount of air being
used out of hours.

Host Organisation

Rover Group Lid

Lode Lane

Solibull

West Midlands B32 8NW

Monitoring Organisation

March Consulting Group
Telegraphic House
Waterfront Quay

Salford Quays
Manchester M5 2XW
Tel No: 0161-872-3676
Fax No. 0161 848-0181
Mr K A Webster

Equipment Supplier
Rapaway Energy Limited
35 Park Avenue

Solihull

West Midiands B91 3EJ
Tel No: 0121-246-0441
Fax No: 0121-246-0442
Sir Savile Burdett

There may be other suppliers of similar
energy efficient equipment in the market.
Please consult your supply directories or
contact ETSU who may be able to provide
you with more detalls on request.
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Introduction

In the UK, the annual cost of energy used 1o
generate compressed arr, for use as a ulility, s
estimaled 1o be £225 millicn. Itis estimated that
around 27% of this energy could be saved by a
combination of measures which include better
control of the air compressors.

Amongsl the ineficiencies  that commonly

QCCur are:

e generation of air al a pressure above that
needed,

® yseof an ncorrect combination of compressors
to mee! the ar demand;

* use of compressors whose volumetnc
efficlencies have deteriorated unknown 1o
the operators

In addition many operators do not regularly
maonitor either the volume of air being used or
the energy consumption.

This case sludy shows how an automatic conlrol
system overcame all the inefficiencies listed
above.

Background

Air compressors have high levels of elecincity
consumption and those on the Solihull site are
typically driven by some of the largest motars in
that plant. As less than 10% of the energy they
consume is converled info useful work, the
remainder being lost in the form of heat and
leaks, compressed air provision is the most
expensive form of energy use at the works.

Production area

Larnd Rover at Sclitbull has three man manuiactunng
areas, In the East works, manned by a mixture of
shift pattems, the company manufactures
bodies and transmissions. This works, where the
new compressor control system was installed,
nas its own compressed air service. Although
lhis service can be connecled 1o the ather
WOorks, it s nun mdﬁp-enc!emiy

The compressor house contains six reciprocating
compressors: four rated at 0.47 mfs (1,000
cfm) and two al 0.84 m?¥s (2,000 cfm). Each
compressor has its own kKWh meter and the total
air generated from all compressors combined is
measured and recarded on an onlice plale

lowmeter, This flowmeler has the facility 1o gve
a 24-haur or 7-day recording of generated air
pressure and fotal flow rate, which has proved
very useful for the study,

The previous control system deployed
conventional pressure cascade control switches,
An understanding of this type of contral system
1s crucial to fully appreciate how the savings
have been acmeved in this case. While most of
the specific detail mentioned applies to the
case al Land Rover, the infarmation is relevant
lo the majority of control systems on air
compressor plant

— 7.50
2 T T ——
- L o
a ' @
& 105 ----- L da e gy B T TP S I R —7.25 &
g) STAGE Il =
b= 2 compressors operaling ®
= 1 compressor idling
g 1 compressor stopped b4
AR | <o i iy e M e 700 &
2 STAGE Il ’ ©
(7} 3 compressors operating —
o 1 compressor idling g
o GO asses e el s WL e e N ok
STAGE IV = 6.78
4 compressors operating
96
N CONVENTIONAL COMPRESSOR CASCADE
1} ST OR CONTROL SYSTEM




Conventional Control Systems

In the following general descriplion of a
conventional conlral system, it 15 assumed that
there is more than one compressor installed in
the compressor house. This case siudy is nol
applicable 10 single compressor control,

Pressure Selfing

Usually the lowesl acceplable pressure al the
compressor house g delermined by the
minimum pressure needed by the most critical
piece ol machinery on the network. At Land
Raover this minimum pressure 15 5.9 bar (86 psi)
al the paint of use, and if the pressure drops
below this value, production is stopped and
financial losses are incurred, Hance the lowest
pressure acceptabie at the compressor house
must be able 1o sustain 5.9 bar at the particular
machinery concemed.

For a large compressad air distribution netwaork
the line pressure losses 10 the furthest point on
the distribution network may be as high as 0.7
bar (10 pei) a1 large air demands (pressure
losses are proportional 1o the sguare of the air
velocity). This means thal the minimum air
pressure must be set at 6.6 bar (96 psi) in the
compressor house at Land Rover even though
for a targe propartion of the lime the line losses
are less than 0.7 bar. Sustaining this higher
pressure has a twofold effect. Firstly the
electricity required lor compression is ncreased
and secandly the air usage Is higher.

The |atter situation is further exacerbated when
the effect of the compressor control system is
taken into account. The typical cascade
pressure control system switches Compressors
‘an load' and 'off load' in incremental pressure
steps as shown in the Figure. At the maximum air
demand, four compressors operate to maintain
the desired end-user air pressure al 5.9 bar. In
order to ensure this pressure at the end of the
distribution network, the mirimum pressure in
the line al the compressol house was set at 6.6
bar (Stage IV). As the air demand decreases the
pressure in fhe compressor house increases
and one ol the compressors unlcads (Stage 1),
It the air demand falls further to Stage I, a
second air compressor unloads. Provided a run-
an timer is installed, the first compressor 1o
unioad s switched off altogether, thareby
eliminating electricity wastage.

In practice it was found that for most of the ime
the operating regime al Land Rover was within
the Stage Il area and at quieter periods, such as
lunch-times and tea-breaks, within Stage |, The
average pressure in the line within the
compressor house was 7.2 bar and by
inference the associated pressure at the critical
machinery was around 6.6 bar. This represants
a 10% excess in pressure at the gritical end-
use paint, leading lo grealer ar usage and
higher electricity costs than necessary for
COMpression

View across the compressor house

In order o overcome these problems two
critera must be sanshed:

* pressure control must be related to the
pressure at the most sensitive/critical
pieces of machinery;

* the compressor sequence should be
based upon as narrow a pressure band
as possible in order to achieve the
minimum generation pressure.

Compressar Sequencing

Many compressor control systems Fave run-on
limers so that when the compressor has been
hing for & sel pencd it switches off. To protect
the motor against averhealing from oo many
start-ups this run-an time 15 normally set at
between 10 and 15 minuies. In some applications
this means thal compressors are idling far long
periods of ime unnecessarily, The ding currant
15 typecally 409 of full lnad current which represents
about 20% of ull load power, leading 1o substantal
energy wastage. This is particularly relevant
during break-times. In order to reduce waslage
it 5 essential © turn the compressor off at
the beginning of its unloaded cycle when
the cycle is long. This can only be done by
predictive sequencing. (See later under
Prassure Control).

TNime Conlrol

Time conlrol normally consists of a simple timer
that switches the compressors on and oft as

required. In many applications such as Land
Rover's, air 1s required for 24 hours/day and
7 daysfweek. However in conventional contral
systems there is no facility for varying the air
pressure seiling throughout the time band,
hence incurning wastage at times of non-
production when generalion pressures could
be lower. For instance at Land Rover the air is
required full tme for opening furnace doors, bul
5.9 bar is nol needed for this operalicn, Inorder
0 oplimise the pressures it is essential to alter
the generation pressure to match the site
requiremants. Critical machinery may not
be cperating 24 hours/day and lower
pressures may be tolerated in certain time
bands such as lunch-breaks and Saturday
mornings.

New Compressor Control System

The new control system has been designed to
overcome all the drawbacks of a conventional
control system descnbed above, as well as gving
olhar benefits. The mainfeatures of the systam
are:

Pressure Control

The generation pressure & regulated in response
to a pressure lransducer placed at the end of
the air distribubon network. The system constantly
monitors the end-user pressure and adjusts the
generation pressure to oblain the optmum
within the compressor house. The pressures
and pressure band hmits can be sel at a
remaote termminal



The demand is determined by monitonng the
rate of change in pressure. Thus the new control
systemn determines whether a machine should
be started, when the capacily of compressors
running is insufficient. or stopped when the
running capacity Is too large. By responding 1o
changes In demand it overcomes the need to
have sel pressures for individual machines,
thereby eliminating the total wide pressure
control band inherent in cascade contral. The
pressure can be sel to suit the application directly.
The range or pressure differential can also be
sel too narrow a band will lead to frequenl
cycling whilst a wide band will incur the
penalties of cascade sequencing. Alternatively,
especially where the maximum safe range is
large, the conlrol system can be set
automatically 1o calculate the most economic
range for the load at the time of reaching the top
of each pressure cycle.

By cbserving the rale of change in pressure, the
new control system can also predict haw long it
15 likely to be before a compressor is needed
agan and hence shut the compressor off
completely, avoiding idiing losses, This s known
as predictive switching. In practice a time
limit still has to be applied to ensure that the
compressors do not starl mare than four times
each hour. This is avoided by switching on
another avalable compressor once this limil
has been passed

Time Control

Al Land Rover, the new control system has six
different time/oressure bands to ensure that the
lowest possble generation prassure is achievea
at all tmes. These time periods and pressure

New remote control terminal

bands can be set on a 7-day clock at the
remote terminal.

Remale Conlrol

The new control system is provided with a
remaote control unit based ona commter lermminal
which enables all pressure setlings to be
adjusted in the engineers’ workshop and allows
continuous maintenance surveillance of the
compressors. There is also a comprehensive
Ingging facility that records hours run, time on/
oft load, number ol starts, etc for each
COMPressor,

Installation and Commissioning

The new conllrol system was installed with no
interruption to production. Most of the hardware
was instalied while the compressors were runrng
on their existing control system and the link up
o the aulomalic control and commissicning
was carned out over a bank holiday weekend.
Winng had to be installed to connect the remote
terminal in the engineers’ workshop to the
compressor house and to the end pressure
point sensor. These links were approximately
500 m and 1,100 m respeclively

During commissicning the actual generating
capacity of each compressor was measured,
This was achieved by altaching a long piece of
straight pipe with a calibrated orifice plate to
each compressor in lurm. The purpose of this
calibration exercise was o enable the control
systern o choose the most efficient compressor.
The actual generation capacities of the
compressors varied by between 3% and 10%
from their design ocutpul.

No problems were encountered during
commissioning and the system was ready for
automatic control on the larget date.

Since the onginal manual confrol system
remained in place It eliminated the possibility of
lost production if a problem had been
encountered. All fealures of the automalic
confrol system can be overnoden 1o manual
contral if desired, indeed this happens
aulomatically in the event of a failure of
the new control system or of the sensor
communication

Operational Control Settings

The control settings for the new system were
wned over a penod of 5-10 weeks. Because of
he averriding priarity placed on production the
engineering staff were understandably cautious
aboul making radical changes in pressure
selings

Intally only two time bands were chosen:
weekdays and weekends (excluding Saturday
morning). The weekday minimum control
selting al the end-user was gradually reduced
in 0.07 bar (1 psl} stages from 6.2 bar (20 psi)
down to 5.8 bar (84 psi). This corresponded toa
compressor house pressure reduction from 6.9
bar (100 psi to 6.5 bar (94 psi), simply achieved
by typing in the new figures at the central
control. These pressures compare with a
constant 7.2 bar (104 psi) at the compressor
house of the original cascade contro! system (ie
a 10% reduction in generating pressure)

The weekend minimum control pressure
was gradually reduced down to 5.4 bar,
corresponding 10 a compressor house pressure
below 6.2 bar, This compares with a pressure of
around 7.2 bar {104 psi) with the conventional
control system, 1e a 20% reduction n
generaling pressure.

Furiher refinements were then introduced by
nereasing the number of lime bands to cater for
luneh-times and Fday night/Saturday moming,
during which weekend pressure settings of 5.4
bar were used.

Finanical Assessment

The annual direct savings at the time this case
study was published were projecied (o be worth
£24 000. (This compares with a pre-instaliation
estimate of £25000/year),

Indirect savings, through the elimination of
leaks, were worth an additional £2 1,000/year

The syster achieved energy and cost savings
as folbws:

Weekday — The average reduction in
weelkday electncity use was from 10.900 kWh
1o 8,100 K\Wh, a reduction of 16.5%, equivalent
to £360/wWk

Weekend — The average reduction for the
whole weekend was from 14,000 kWh to
10,500 kKWh, a reduction of 25%, equivalent to
140/ wh.



Potential Users

There are many companies with mulliple air
compressor installations which could benefit
from the sophisticated control offered by the
new system. To show significant benefils and a
ltem £ Cost good payback period, installations of three or
mare compressors are favoured. The
compressors need not be in the same location.
The control system can be extremely useful in

Capltal Cost Breakdown

* Controller plus 2 transducers 9,800 reducing the excess pressure or eliminating
* |nstallation 8,500 hunting conditions that can occur with single
» Compressor link units 4.900 compressors located around a ring main
e |nstafiation 2500 system. Under these circumslances remole
g checks on pressures are made and decisions
* Flow measurement and reporling systemn 5400 taken autormatically aboul which machines
* Commissioning 500 should be used. A payback period of less than
two years should be achieved in most

applications.

TOTAL 31,700

A breakdown of the £31,700 cosl for he supply
and installation of the new control system is
presented in the Table, Based on direct savings
of £24,000/year, the simple payback period 1s
16 months.

Compressed Air Leakage

The monitoring of compressed air flow rate
alerted the engineernng personnel 1o the large
offlake outside normal production hours. This
represented 0.85 m/s (1,800 cim), approximately
40% of production usage. The production
directors concemnad quickly remedied the
major leaks, resulting in a further electricity
gaving of £21,000/year.

Thus the savings were almest doubled, and the
payback halved. through slopping the
compressed air leakage wentiied by the
system

Other Benefits

Other banefits have been obtained from the
automalic control system and remaote
terminal:

* mproved information regarding the
maintenance state ol the compressors,
avallable at the remcte terminal,

® indication of air output rate which can be
compared to compressor desian figures and
used as a performance indicator,

® gudible or visual alarm in the engineers’
workshop to indicate high or low pressure
problems;

& pgual sequencing of all compressors
thereby ensunng even wear.

In some circumstances de-manning of the
comprassor house may be feasible with the
new control system, At Land Rover, however,
two other compressor houses are covered by
the same operator so it was nol possible to
reduce the manning.

Checking the air flow and pressure record chart



Land Rover's Experience

By using an automatic control system for
campressed ar generaton Land Rover cul
waste which had occurred in two ways:

& comprassed air leaks in the distribution
system);

e using more energy lhan is needed 1o
generate the compressed air,

The former 15 the subject of an ongoing
pregramme requiring vigilance throughout the
factory to reduce leaks. The latter has now been
reduced significantly with the Rapaway Air
Marshall. In tact, the new control system is
proving to be cost-effeclive. Previously,
compressed alr was generaled inefficiently
owing fo an inflexiole system of pressure
swilches configured in cascade. This resulled in
a igh delwery pressure for a large par of the
operating cycle as well as compressors idling
wastelully off-load for long periods.

The Rapaway systerm manitors the air pressure
at the paint of use and controls the generation
pressure to just salisfy demand, It also selects
the best combination of compressors lo meel
that dermand.

Land Rover, Solihull site

Matching the mimmum amount of electncal
energy o the actual air demard is the key to
energy efficiency.

In acktion 10 the energy saved by generaling
compressed air more efficiently there are other
indirect benefits the system provides, such as
identifying when mainienance may be reguired
in the event of compressor performance
deterioration.
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Paul Ellen
Energy Manager

Land Rover
Solihull

‘The Department of the Environment, Transport and the Regions’ Energy Efficiency Best
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provides impartial, atthoritative information on energy efficiency techniques

Programme
and technologles In industry, transport and buildings. This information Is disseminated through
lications, videos and software, together with seminars, workshops and other events,
‘Publications within the Best Practice Programme are shown opposite.

For bulldings-related topics please contact:
Enquiries Bureau

BRECSU

Buliding Research Establishment

Garston, Watford, WD2 7JA

Tel 01923 664258

Fax 01923 664787

| E-mail brecsueng@bre.co.uk

For industrial and transport topics please contact:
Energy Efficlency Enguiries Bureau

ETSU

Harwell, Didcot, Oxfordshire,

‘OX11 0RA

Tal 01235 436747
Fax 01235 433066
E-mall etsueng@aeal.co.uk

Land Rover

Part of the Rover group, Brlain's largest motor
manufacturer, Land Rover Is the world's only
major company exclusively bullding four-wheal
drive vehicles. Global export markets account
lor 7086 of the oulput of the Land Rover factory
al Solihull. This site covers about 300 acres, and
it is here that the full range of Detender,
Crescovery and Range Rover models is produced,
as well as engines, lransmissions and
components.

Energy Consumption Guides: compare energy use in
speciic processes, operations, plant and building types.

Good Practice: promotes proven enargy efficient technigues

threwgh Guidas and Case Studies.

Mew Practice: monitors first commercial applications of new

anargy efliciency measures,

Future Practice: reports on joint A & D vanturas into naw

anangy afficiency measuras,

General Information: describes concepls and approaches

yet o be fully established as good practice,

Fuel Efficiency Booklets: give detailed information an
apecific technologies and techniques.

Energy Efficlency in Bulldings: helps new enengy managees

understand the use and costs of heating, kghting etc.
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