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Thermodynamic versus
system efficiency
Thermalefficiencyand coefficientofperfor
manceas it relatesto refrigerationsystems
are exactlydefinedterms in classicalthermo
dynamicsand as sucharewell understoodby
mechanicalengineeringpractitioners.Perhaps
it is in the misapplicationof theseconcepts
that they have worked to the detriment of
effectiveenergyutilization.

A scanof virtually any elementarythermo
dynamicstext revealstwo interestingfacts:

I The applicationof thermalefficiencyor
coefficient of performance in examplesor
problemsaddressespowerratherthanenergy
in theequationsthe termsare Btuh,ft-lb per
mm, horsepower,etc.. Although the defini
tions and developmentof the equationsare
basedon energy,a timespanmustbe included
in applying the equations-thus,the substi
tution of powerfor energy.

2 The "work in" consideredis generally
alwaysprimarymotivationpower.That is, for
a refrigeratingmachine,it is thework into the
compressor.Otherwork requirementsfor the
cyclesaregenerallyignored.Similarly, for the
power cycle, the "work out" is generally
consideredas that off the turbineor engine
shaft, neglectingany "parasitic" work input
requirementsnecessaryto make the cycle
function.

To apply these conceptsproperly, one
shouldkeepthe limitations in the useof these
termsin perspective.Thedesignerof a refriger
ating machineworks at trying to set the end
temperaturesas favorably as possible to
achievethe highestpossibleCarnotcoefficient
of performance. The next challenge is to
constructa machinethat will at full load

approachthe Carnotvalueas closelyas possi
ble. For this reasonand others,it would not
be prudentto tamperwith our age-olddefini
tions.

Apply new definitions?
Perhapswe shoulddefinesome new evalua
tion functionand in theprocessof this defini
tion recognizethe limitations of the present
definitions. It is suggestedthat thenew terms
be systemthermalefficiencyandsystemcoef
ficient ofperformance,with theoriginalterms
then being preceededby thermodynamici.e.,
thermodynamicthermal efficiency and ther
modynamiccoefficient of performance.

Thesystemthermalefficiencywould thenbe
defined to include all mannerand form of
energy inputs to the systemover a long time
spansuch as an operatingseasonor a year.
The basicdifferenceis that the longtimespan
would makethe evaluationmore truly oneof
energyratherthanpower,and theinclusionof
the secondaryor auxiliary inputs would pro
vide a true measureof the energyefficiency.
Relatingthis conceptto thermalsystemspro
vides a striking example of the value of
carefullyapplyingthe"systemefficiency" con
cept. In case history studiesof active solar
heatingand heating-coolingsystems,it has
beenfound that when the systemefficiency
conceptis applied,some of the solar systems
areconsiderablyless efficientin theconsump
tion of fossil fuel energythansomeso-called
conventionalsystems.The reasonis that the
shaft energy requirementsof the auxiliary
devicesrequiredto collect, store,utilize, and
control the relatively low-gradeenergy,inte
gratedover, say,8760 hr peryear, arevastly
moreextensivethan thoserequiredfor some
more conventionalsystems.
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Similarly, for refrigeratingsystems,thedef
inition of the systemcoefficient of perfor
mance would include all energy inputs inte
gratedover a long time span. Examplesof
some of theseinputs, in additionto primary
compressorenergy,are the energyrequire
mentsto drive condenserwater pumps,con
denserfans, cooling tower fans, and chilled
waterpumps.Theseare all part of theenergy
requirement to remove the heat from the
space.A studyof numerousexistinginstalla
tions has revealedthat in many largechilled
waterplants,the energyrequiredannuallyby
the auxiliary devices surpassedthe energy
consumedby thecompressordrives.

Failure to makea proper distinction be
tweenthe classicalthermodynamictermsand
the proposed system terms has led many
practitionersin both the privateand public
sectorsto pursueunsuccessfulconceptsre
lating to moreeffective energyutilization. In
pursuing these courses, the proponents
stoppedat the thermodynamicfunction and
concludedthat the problemhadbeensolved.
It was only after the expenditureof excessive
funds that the conceptwas proven to be a
failure, andeventhenmany did notrecognize
the reason!

Time integration is important

The time-integrationfeatureof this conceptis
probably more meaningful in the building
systemssciences than in any other field of
energysystems.The reason,of course,is the
combination of the continually varying cli
matic conditionsand usesof the space.Few
personswould leave their automobilefor the
day andleave theenginerunning;however,it

is most common that when we leave our
building, we leave the mechanicalbuilding
systemsrunning.In the applicationsof active
solarenergysystems,thereis little coincidence
betweenthe availability of the solar -energy
andtheneed.Also, therearemany hoursthe
vast majority in most climatesduring which
the needfor energyheatingor cooling is but
a small fraction of the design value, yet the
parasitic machinery is operatedat its full-
ratedenergyconsumption. -

Anotherareawherethe time integrationis
of theessencein a basicunderstandingof the
potential cycle effectivenessis in the concept
of cogeneration.The thermodynamiceffi
ciency tends to reveala potential combined
cycle efficiency of, say, 80 percent.This as
sumes,however,a needfor shaft electrical
energy coincident with a need for thermal
energy-a coincidence that seldom exists.
Thus, before the "concept"is validated, the
coincidencemust be understood;and then,
consideringthe energyrequirementsfor stor
age,utilization, etc., the systemefficiencycan
be determined. -

In summary,in addressingtheenergyeffec
tivenessof building systems,theconsumption
ratesmustbe integratedovera longrepeat
able time spansuch as a year or a system
season,and no energy-consumingdevicesre
lating to the systemscan be ignored. When
thesefactorsare consideredin thermal, shaft
energy, or refrigeratingsystems,we propose,
theevaluationfunctionsof thermalefficiency
and coefficient of performance should be
clearly identified as different from those in
classicalthermodynamicsby useof theprefix
word systemwith the former and thermo
dynamicwith the latter.


