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Compressors

lining

Svmple wieasurements, «
calewlator, a pad of paper and
a telephone are the tools needed
lo start reducing energy costs

compressed

Ly Wayne Perry
efore beginning any type of energy efficiency
improvement program for 3 compressed air
svstem, its imporiant o know something
about its current ene FEY consmmplion and opera-
tional characteristics. Without this information, ic'll
T3es impossille to measoree any Lprovements,

Basclining—the term currently in vogue for this
process—cither estimates or measures the base daga,
Measuring is by far the most accurate and reveals
operational characteristics that may lead o inexpen-
sive changes that can reduce energy savings greatly.
Knowing whit, when and where to measure are the
keys to establishing a good baseline,

OfF course, measucing evervthing always esmblishes
the best baseline, Tn @ new [aciliv, it's quite easy and
cost-citective 1o includes the menitoring equipment in
the plant design. In an existing facility, a lew simple
measuremens, a calculator, a pad of paper and a tele-
phone are the wols one needs o start reducing eoergy
costs, The primary messurements are power and pres-
sure. Flow measurements add to wnderstanding the
dynamics of the spstem, but arve not an absolute
requirement for baselining cnergy consumption.

Don't confuse this sioplified baseline with a com-
proessed air system andit. A complewe audin per.
Lormed by a qualified compressed aie specialise gath-
ers much more data congerning system dynamics and
user characteristics. The information gathered in the
simplificd baseline is important 1o the specialist s
may reduce pucdit costs by l‘l“r‘]lll!'.iTlE the dme spent
colleating and analyeing data.

What to measure

The: first priority is determining the plantspecifie fac
tors that might allect power consumption. Do differ-
ent shifis or different days have different production

levels? If pruduciion is siable, data colleewed a any
Lime is representative of the overall power used. If
procueion vavies by shift or day, vou'll need to col-
lect data at each production level.

Do production levels show seasonality? It's a charac-
teristic that can be difficult 1o inodel, Compressed air
swstems arc nonlinear, A 3 percent reduction in pro-
duction will probably not reduce swtem power by 50
pereent. IUiCs the busy season, look for a shift or day
that runsat production levels sionilare 1o Ove slow season.,
For example, a Salwrday during the busy season might
bt similar to a weekday during the slow season. Dt
collected on Sawrday could serve as a proxy For slow
SCERON POWLEE COTRIT Lo,

In addition o varialions in power consumption,
power cost may vary by time of day or season. Tt may
be possitie o average, or Blend, power costs to sim-
phily ealealations. However il'you are suliject 1o a sulb-
stantial demand charge imposed ac a cortain tme of
day or season, using a hlended power cost is inappro-
priate, Small clunges o operation during peak dmes
may yield short paybacks that can’t be correlated 1o 3
blended power cost. Moving an operation or process
trom one shift to another also may dramatically
change power costs without a carresponding plysical
modification w the compressed air system.

Develop a plan

Believe the adage that staces, "Tf you can't draw it, you
dan’t understand 1”7 becavse it corainly holds wue
for a compressed air system. Draw a simple block dia-
air  system, [
doesn’t need w be PEID-qualit: because is purpose
is to itlentify locations where pressure resdings are 1o

gram of the compressed

b tiken, Don’t rely on OEM pressuce gauges sup-
plieed with the compressors. Most have an acenracy
thiat may result in as mmch as a live-psig diffevence in
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resclings hetwern compressors.

Pregsure readings are takeo al the compressor dis
charge, belore and after filters, hefore and after dry-
eers, al the main aie distibution pipe and at the mos
critical wser IF possible, ake readings in several loca-
Gons throughout the distribution systern, When ak-
ing pressure readings ac che critical end user, read
both the pressure in the discibution piping and the
presure at the point of wse, Maoy tmes, the largest
pressure deop occurs between the distribution pipe
and the point of use. Shoultaneous pressure readings
help identify potential problem areas.

Il syszem has mulliple compressors, verify the
pressure range for each cooaller This may require
compressors Lo be isolated from the system and cun
through their entire control pressure cnge. IF cach
compressor s dedicated dryvers and fliers, isolate
the entre supply subsystem and record pressures at
variows poinls. Use asingle, calibrated pressure gauge
Lo measer: {‘.}L{Z]I Cﬂ]'l'.l'l:l]"eﬁgﬂl".

From these readings, develop a pressure profile
showing cach compresser's control pressure range,
prossure drog across realment cquipment, prossure
drop through the disribution sysiem and final pres
sire at the critcal point of use.

Finding the tools

Most manulacmring operations lack an exiensive
cillection of recording power meters, pressure
transducers and data logeers. The local wilicy may
help with recording compresso:” power consump-
tionn., Olher sources for assislance are state energy
offices and local universities.

Recording power meters alse can be rented. IF
the plant air pressure is stable, o meter that records
the power level every 10 seconds and sverages the
rlata once a minute probably will work line. On the
other handd, sampling every sccond may be cequired
il there are ahrupt swings in system pressure. Reep
in mind this is merely o simple baseline and nat a
complewe gyztem andic, Colleciing oo much data
only makes analyeing and understanding it that
much morve difficult,

Proper data analysis requires konowing how much
power the systean is supposed to wie, Call the gom-
pressor vendor and ask for the anics [lkload power
consnplion. Just because a compressor has 2 200-hp
motar docsn’t mean it should be running at the full-
load current shown on the ioter mameplate, Changes

in pressure setings affect power requiremenis. The

unit ey be designed wo run slightly into e service
Bactor or significantly below. Given the pressure set-
tings, a qualified compressor distribanor or manufacs
turer can provide a reasonable estimate of full-load
power for the paricular madel ol compressor

Collecting pressure data can help identify problem
arcas in the Bcilin, Pressure data eften can idenily
the operation or process that decermines supply-side
pressure requirements. ICs uol uncommon o find a
pressure drop of 25 psig or more between e Qisuc-
bution pipe and the point of use, If that presswr
drop forces the cntire system 1o operate 25 psig
higher than necessary, the power required may be 10
percent to 12 percent bigher than needed, depend-
ing on how the compressor contrals are s,

System pressure behaves dynamically

Using o calibrated gaoge 1o ake siatic pressure read-
ingzs provides asnapshot of e systeam. This meay be usc-
ful in idenaifying problem areas, such as plugged filters
ar restricted supply Enes, that can be corrected ines-
pensively and casily. A soapshol of the spstem tells you
litile about where it's going, how fast it's moving,
whether it"s full ancd, most impertanty, whether s in
conunl, Getting move than a snapshol. requires equip-
et that sl hose the system responds o evends and
SUEEESLs wiys Lo impreve e response,

Dhata I:y,__ﬁ_{-:rs and [pressLTe trwsducers can be reneed.
Recording and interpredng the informeation is a licole
more cotoplex than reading aned recording the power
Before rentng this equiprent, contact local compres
sar suppliecs. They may be able to help with rental,
installalion and data olerpretation, State cnerpgy offiees
and local power companies also roay know where to
Furiel TSIPNAEIILS B0 TRETILON SYS1EITY [ITEssLIe.

Getting results
After establishing the haseline, start making system
improvements. Begin by implementing the cnergy
elficiency measures a qualified air system supplier ar
systern specialist sugoests.

I o typical system, 8 good baseline and minimal
effort can resull 1o 15 percent o 2D percent energy
savings, @

Waryne Perry is the Technival Divector al Kagser Comressers,
He corne be veocfind ot soaynefuerry @haeser cone or

FO-HKE3 500,




Compressors

_e_l_.e_cting air cCompressor
wd gystemn controls

The next step in |
achicving optinim
system efficiency

By Harold Wagner

he purpose o any compressor control system

it march compressed air supply to the com-

pressed air demand as etficiently as possible.
Although old style elecraspneumatic controls have
been supplanted by microprocessor-based controls
andl software updares thar optimize systemn and oon-
trol parameters, any conwol type can be put into one
of two categorics—Fhxed speed conwrols and variable
speed controls,

Fixed speed compressor controls

Az the namc implies, the Jdea i 1o hold compressor
specd constant The exact speed is a function of the
speed of the drive moloe and the ratio of the gearing
ar Webelt system in usc, ifany The capacily catput cot-
wrol is based on either modulaton or a poppet valve.

Modulation control

This form of contrel modulates the compressor’s
inlet walve according o the compressor's outlet pres-
sure, When the controller detecs rising outlet pres-
sure, iL canges the inlet valve to start closing. While
this control is effective, it's the least cfficient, The
reason is that compressor efficiency is inversely pro-
portional to the compression ratic, which is the ratio
of inlet pressure o outlet pressure. The clasing inle:
valve produces a vacuum at the compressors inlet
side while the oudet pressure remaing relatively con-
stant. This has the same effect as raising the com-
prossion ratio.

A compromise is to restrict the modulalion eon-
trol range o something like 40 percent and auto-
matically convert the scheoe o a load/no load con-
wrol any time output drops helow 60 percent {(see
Fignere: 1. Uniorrunately, this form of control dacsn’t
lend itself to vse with multiple machines.

Variable displacement control

Controlling the effective rotor length varies the com-
pressor’s output. This is accoraplished with internal
bypasses machined into the airend howsing and eon-
trolled by either poppet valves or a turn {or spiral}
valve, While e efficiency is bewer than with modu-
lation control, poppetstyle controls are effective only
abowve 50 percent 1o B0 percent of capacity, Also, they
can be complex and ditficulow troublezshoot.

Online - idle/offline

{dual-control}

This simple, effecive conirol nses a pressure switch at
the compressor discharge to close the inlet valve com-
Pletely at a high limit (cut-out) pressure and open it

Various compressor contrals

% Upper range |
medulatlon

g 2

% of full lead inpue kKYY required
E 28 & &

-
=

: Encrgy swings

& 2a 40 &0 8O 100
% of full load capacity

Figere 1. This aporaach to compressar control comerts
fram medulation comirel 90 a loadino koad ary tire:
auriput drops below 60 pereent
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completely ala low limit (euting pressuve. The differ
ence hetween this approach and the modulation con-
waol is char, in this case, the compressor is inwernally
uitloaded, The reduced compression ratie reduces
idle power consumption. This tpe ol control ran com-
nect multiple compressor installiions easily using a
seruencer {master} contraller, On the ather hand, the
air system will need a properly sized air receiver tank,

Start/stop control

This is the maost elficient contrel scheme, The com-
pressor runs cither fully loaded oc off, depending
oat the zignal from the presswere switch, Unfort-
nately, motors larger than flive to 10 hp can't be
started and stopped as often as this control may
require without overheating, This contral 35 nsed
ohn small piston compressors, which wepieally are
mounted on & storage receiver They use a relatively
wide pressure differential of 15 psig to 25 paig.

Variable speed control
Advanced and affordahle wechnelogy broughe vari-
able Frequency drives into compressor applications.
The principle seems simple—adjust the compres-
sor/motor speed and outpul Lo mateh system
demand exactly. Designed correctly, vavialle fre-
quency contred is the most advanced and energy-
efficicnt wim compressor conwol, However, the lol-
lonwing issues must be considered:

* The airend st be desipned to be cfficient over the
complete speed mnge. Alvend efliciency is a Ame-
tom of rotor tip speed and may be greatly reduced ae
lowesr or higher rpim {see Figure 2},

* The variable speed drive con-
trodler needs to be efficient, as
it represents an additional
link beween the power supply
and the drive motor, The
drive system aned motor cables
need to be free of power dis-

Specific aimnczllglerfom'l ance with

optimized vari

Swandard variable
ireqency drive

where hear-

KWicfim

ing design
and cooling Optimized variable
[requency diive

tsses roay be

problematic.

* An intelligent
controller
makes  offi-
cient and reli-
able connece-

Figure 2.Wzrakle speed contral efioonth
compensates for fuciuating air demarsd,
tinns among

air pressure, the drive and the cormpressor inlet

valve, A wellengineered device can control com-

pressor outler pressure w within ooe psi. despie
wildly fluctuating air demands.

Variable speed contrel is suited for trimming in
nueli-connpressor applications, I allews a sequencery
controller w operate multiple compressors efficiently.
Needed machines ave loaded fully, Unoeeded com-
prossovs are in stand-by morde. And the variable speed
contral efficiently compensates for flucieating air
demand (see Figure 3.

The most elficient contral, however, can't com-
pensate for an improperly designed system. Counduct
a comprehensive air spstem audic and give your con-
trol system a Ogluing chance wo deliver the efficiency
oaing it promises. @

Harofd Wagner is Notional Sales Manager af Kieser
Fﬂar.ljuw.l.'.mn'. e cevre b veashiod at
harold wagner@kaeser com or 3408344502,

Figuves: Kaeser Compiressors

tortions ad electromagnetic :. -.

|
£missions W prevent electro- |
magnetic interference Lo I

computers or other sensitive e
elecirenic aquipment.

L]
Wariable speed unit

* The drive motor most e able

Figure 3. In & muliplz-unit installatic:, a vaniable speed unit

to handle the higher spoeds
as well as the lower spoeds,

acls s the rim compresson & master air systemn contraller
ke the cambiration of units operatng propory.

e frequency drive



They free

the operator
to make better
air system
decisions

By Wayne Parry
“ den't understand. T attended the classes,
bath Fuondamentals and Advanced. T read
every article and book I could find on
improving compressed air system efficiency. 1 devel-
oped greal ideas about reducing comprossed air con-
sumption, We fixed leaks, changed piping, moved
somne processes 1o shifts that used less compressed air,
Lowigll Jow eonsumption nozeles and educated our
entire workforee, We did this work and 1 still have six
out ol six compressors running nearly continuonsly
Reducing aie consumption doesn't appear to have
reduced air production.”

This is not an uncemmon lament. Major improve-
ments 10 the demand side of a compressed air systern
aften can fail to yicld desired results on the supply
side, Baoth halves of the system reguire acion belore
energy cosls stare to drop. Additionally, futare
changes to cither side will require the entite systom
be re-tuned. A good start is having a compressor ser
ice provider ensure that the compressor controls are
sct properly and the complele control system on cach
compresser is imctioning properdy.

Aller aderessing demand side issues and mreaking

COMPressor

controls

the supply
side 1o operale

a5 1t was intendded, ke the next step. Tie the supply
side componcnts inte an integrated conwoller that
can minimize ron times, maximize savings, maintain
a stahle aic pressure and provide constant data feed-

back for the whole system.

Historical perspective
Ten or 15 years ago, integrated controllers were
priced [rom $23,000 to more than 350,000, The unis
rexquired soltware written specifically for the individ-
ual application. Each air spstem modi-
fication required rewriting the program. [twas expen-
sivez, Tl 1L andser was worthwhile for large systems.
The cost of a modern integrated conoroller has
dropped considerably. High-tech elecironics, experi-
enee and competition bave resulied in controllers
superior to previous generations and packed with
more feamires, Payvback in cnergy savings can be a2 lice-
tler as o T mmvoniths,
Cascading controls that required fTom 15 w 25
psiz are obsolewe wied should be replaced. Contem-

Eeprinted from Plant Services April 2003 & www planiservices.com
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Fuacy are a system's black box thal cap-
Dty reictersl

porary integrated conwrollers can stabilize a properly
designed system to within one or two psi.
Controlling v a dght pressure band allows the com-
pressars to operate al lower pressures, which saves
energy. Remember, cvery two-psi reduction
in compressor pressure yvields 3 one-percent
reduction in power consumption. Reducing sysiein
pressure also reduces air consumption at unregu-
lated users—blow-ofl nozzles, leaks and the like. Use
a simple orifice chart w estimate demand reduction.

Knowledge is power
Better infoemation [osters belter decisions, ad con-
trollers can provide thatl information. The features o
laok for in an integrated controller ace listed below,

RBoemole monivwing—Several controllers can ace as
Wels servers, This allows operatung personnel 1o con-
nect the controller to the company inwranet o moni-
tor the an- system from any computer having a Web
browser. Many conteollers have modems, as well,
allowing maonitoring from ouside the [cilin

Fully integrated air system components, ol just
the compressors—ifilters, drvers and drains—ueel
to e monitored, oo, Many are

e slalais bow g

tures events as they ocour, Know-

ing exactly whal was happening
right up o the moment of a sudden drop i pressure
or the shutdewn of some gystem component greatly
simplifies troubleshooting.

System data—This display gives operators a look at
individual component settings and controller ser-
tings, If that's tuo rouch data to display on one
spreen, e conoller should have Boks w supple-
menlary screens that show system scitings. Faving
settings casily available allows evaluating and chang-
ing control schemes to accommadale changes in
either the system's supply or demand side. IF produe-
tion mcreases, A process noves 0 a different shift or
a Lew COmLpressor iy installed, one can reevaluane the
control scheme easily and make changes w opimize
air system efficiency.

Some data is more casily undersiood if ics dis-
played as a graph, Exanples include systern pressure
and a seleclable hislory, Showing system prossure as a
[nction of time can he a greal benelicwhen oying w
oplimize supply side controls. Having real-time
graphing, as well as the ability 10 pull up a day's
warth, or 3 week’s worth, o even a year's worth of
data in a graphical format makes it easy 1o identily

availalle with contacts 1o activate
remote alarms, Pick aconwoller
that allows ancillary compondents
to be tied together, Problems in
one part of the system may be
the result of a failure of one of
these components, Problem sol-
ing is much casier i sullicient
information is readily availalde.
System status display—These

SIGMA AlR CONTROL plus ‘Coriack [ Enrsor

ey, AR, R

sereens provide an ala-glance

view of systemn status and its secv-

ice and alarm messages, Think of
the system staing display as the



heow changes to either side of the system alfeeL pres

sure. Bvaluating this data regularly also can help
averd production problems.

Another useful graph is compressor air delivery—
individual and aggregare, insiantaneons and hisoe-
cal. As with the pressure, graphing airflow helps oper-
ators optimize the supply side. For example, iF one
Compressor eperates only briefly and shu off for an
extended period, compressor sequencing might
need to be changed to have a smaller compressor
handle that particular load. Another possible sola-
don might be o add storage 50 the system can ride
throngh the event withowt having to turn on 2 com-
pressor at all. Operators will know this only i they
have historical data. Secing it in o graphical formar is
the casiest way to review spstem performance.

Graphing specific poiver consumption, current
and histvical, allows operators w shuffle sequences
b miake the most cfficient machines run most of the
time with the least efficient machines oo stanedby

Overall operating coss—Becanse coniziller sall-
ware monitors power and fAow conditions, the next
logical step is an analysis module char allows opera-
tors to wack actal air system operatng costs. IF i
given the power costs, including seasomal ar daily
changes in power costs, the controller can calculate
Inosy el is spen for eleciricity Lo power Lhe seseem.
Improvenents can be documented casily without
having o resort to separate power

A T

personnel or the plant’s service provider, Using a lap.
top computer and a phone line, the person notified
can disl inte the contraller and menitor the entire
syatern. This is especially wseful 1o the middle of the
oight, The Information provided 1o the service wech-
nician can support & decision to give it bnmediate
auention versus wailng untl morniog. Remeote trou-
bleshooting alse allews the service provider to gather
the correct pares hefore arriving on siee,

Better decisions

Fifteen years ageo, compressor conbrollers consisted
of a box with a few remole pressuce switches, 4 tmer
or two and some lights (o indicate that compressors
were supposed to be running, If operavors wanted
more infermaton, they had o go o cach corpres-
gnr and write down the temperature and pressure,
the only data they could access,

Today's integrated controllers manage the con-
pressecd air systean. As with any rood manager, they
alse provide reports and data o help others make
correct compressed air system decisions. @

Weyne Perry is Kamm Comfressor’s Techadcal Divector, He
can fie veached af wayneperry@hasen com or

S40-898-5500,
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meters for cach compressor.
Some controllers even allow aper-
ators Lo enter other maintenance
costs anel display the ool air sys-
teant cost o talaolar aned g‘rslphicul
formats,

Outhbound calling—Another
valuable feamre on some af the
latest controllers is a call-out func-

[ ]
SIGMAAIRCONTROLplus e

tion. Equipped with a modem,

Hitlp Tre

I |

they can call or Fax trouble mes-
sages 1o either plant maintenance

IERCONTROLS



