
SECTION XII

Evaluating the -
effectiveness of
energy utilization
The concept of evaluating the effectivenessof energy utilization in conversion
apparatusis notnew. It wasthis challengewhich commandedmuch of theattentionof
the nineteenthcentury thermodynamicists.The results of theseactivities are the
well-knownstatementsof the Carnotprinciple that no heatenginecycle canbemore
"efficient" thana reversiblecycleandthatno refrigerationcycle canhavea coefficient
of performancegreaterthana reversiblecycle.

In thesedefinitions,the termsefficiencyandcoefficientof performanceare exactly
defined, and usingthese exact definitions and a bit of elementrythermodynamic
relationships,the maximum attainableefficiency and coefficient of performance,
respectively,aredeterminedandarefound tobe afunctionof the temperaturelimits of
the cycle. In theory, then,theserelationshipshavehadtwo very fundamentalusesin
the developmentof thermodynamicsandthe machinesbaseduponthis development.

I Sincethe maximumattainableeffectivenessis baseduponthetemperaturelimits
high and low, a continualeffort hasbeenmadeovertheyearsto developmachinery
to operateat the most favorableattainabletemperatures.This effort is one of the
germanereasonsfor the economyof scaleor size in electricpowerplants.

2 With given temperatureranges,the major efforts in cycle designhavebeento
developcycles that comeas closeas possibleto a reversiblecycle. This activity has
producedtheapproximationsto theCarnotcycle thataccountfor themostcommonly
used power and refrigeration cycles today, the Rankine cycle and the vapor
compressioncycle.

In additionto pointing the way to "most favored" cycles,the conceptof Carnot
efficiencycanbe usedfor thebasisof comparingthesuccessof anygivendesign.Sucha
comparisonis madein somedetail in the chapter,"ThermalEffectivenessof aVapor
CompressionCycle," wherethe resultsshowthat thecommercialsystemanalyzedused
approximatelyfive times as much energy as the Carnotcoefficient of performance
would require.Thus,the realcycle could be considered20 percenteffectivecompared
to theideal.

As is discussedin the chaptersof this section,it is essentialthat in the continued
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developmentof powerand refrigerationcycles, as well as in purethermal cycles,the
conceptof evaluationof effectivenessof energy use be expandedwell beyondthe
simplethermalefficiencyandrefrigerationcoefficientof performanceas definedin the
daysof Carnot.That is notto say that theCarnotconceptsshouldbe discarded;quite
the contrary,they should be expanded.As used in their classicalmanner,thermal
efficiency andrefrigerationcoefficient of performancehavebeenpower,not energy
evaluationfunctions.

As realmachinesaredeveloped,thereemergestheneedto supplementthepurecycle
with auxiliary devicesof variouskinds. Theseauxiliary devicesincludesuchsystem
componentsas control actuators,pumps, fans, etc., all of which consumeenergy.
Thus,at designloading,thetruevalueof thermalefficiencyor refrigerationcoefficient
of performanceshouldconsiderthe burdenof the auxiliary devices.

Even more significant is the time-integrated concept which transforms the
evaluationfunctionsfrom powerto energyfunctions.Forexample,a steamRankine
cyclepowerplantmayhavea designcapacitythermalefficiencywork out! heatin of
38 percent but when integratedover a long cyclical time span such as a year, the
efficiency may well drop to near20 percent.A consciousnessof the time-integrated
natureof energy-useeffectivenesswill significantly changethe approachto system
designs.This concept is discussedin the chapter,"ThermodynamicversusSystem
Efficiency."

A bit moresubtleis theproblemof evaluatingtheeffectivenessof energyconversion
whenseveraldifferentusefulformsareproducedfrom thesamecycle.As, forexample,
whentheheatrejectedfrom a heatenginecanbeputto beneficialuse in sucha waythat
it replacesheatwhich would otherwisebe provided by the consumptionof energy
resourcesotherwisehigh-levelenergy. - -

By the"zerothlaw" concept,consideringa "scale"of energy,if the rejectheatis at a
useful temperatureit must be abovethe temperatureof an ultimatesink suchas the
atmosphere.Sincetheelectricenergywill also ultimatelyflow into the ambientsink,
the electricity and useful thermal energycan be consideredadditive. The addition
processcould bethoughtof asaddingapplesandorangeswith thesumbeingsomany
piecesof fruit.

Theproblembecomesinfinitely morecomplexwhena third productis producedby
the cycle in the form of "cooling." So-calledcooling energyfalls on the "zeroth law"
scalebelow ambienttemperatures,suchthat it will notdegradeas did the usefulheat
and electricity. This conceptis the essenceof the discussionson energyeffectiveness
factor.

Attention is alsocalledto someof the chaptersof SectionsIII andVII. In Section
III, the chapter,"ProposedFormatfor Organizing the Study of Building Energy
Economics"is includedas aneffort to providea methodof measuringtheeffectiveness
of energyusein all the elementsof a building system,andextendingthe segregated
analysisto the integratedsystem.

Evaluationsof energy-useeffectivenessoften leadto notonly themostdesirableor
beneficialsystemfrom an energyconsumptionstandpointbut also to thosewhich are
the mostcost beneficial.This is not, however,alwaysthecase.Thus,to perform one
analysiswithout the othercanand hasled to seriouserrorsin judgmenton the part of
designers.


