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The myth of free steam

The conceptof getting somethingfree, with
out payinga price for it, hasfascinatedman
for as long as he has existed. Classicaland
commonplacephilosophers,however,through
out history, have recognizedthat, as it is
expressedin today’s commonplaceterms,
"there is no suchthingasa freelunch."Works
expressingthe fallacy of somethingfor noth
ing span from Aesop in 550 BC through the
Arabian Nights tale of Aladdin and Shake
speare’sworks to Browning’sPiedPiper in the
nineteenthcentury.Therearecountlessexam
ples.

Unfortunately,leadersin business,govern
ment, and evensomedecision-makingmem
bers of theengineeringcommunitytend to be
misled by the somethingfor nothingconcept
as it is relatedto energyconversionsystems.
Understandably,we must continually seek
more effective methods of converting our
limited energyresourcesto the neededforms
in the neededquantitiesrequiredby society.
However,in strivingfor our goals,we mustbe
mostcareful to avoid the attractivepitfall of
thinking that we can get somethingfor noth
ing, thatwe canget somethingfree.

Energy effectiveness improved
One of the methodsof providing for the
energy needsof society currently being con
sideredin fact, it hasbeenemployedfor more
than half a century is the integratedcon
versionplant or cogenerationcycle. This type
conversionplant conceptuallyutilizes an en
ergyconversioncascadingsystem,whereinthe
energyrejectedfrom a secondlaw processis
beneficially used in a lower gradeform in a
thermal process,thus satisfying two needs.
With the combinationof the properform of
primemoversandin caseswherethe shaftand
thermalloads are adequatelycoincidentand

of the propermagnitudes,suchplantscanand
havebeenbeneficialboth fromthe standpoint
of monetarysavingsandenergyeffectiveness
Ee. To force adequatecoincidencein the
loads,the designersof buildingsand systems
have the opportunityto someextent of con
trolling the magnitudeof the loadsand, as a
lastresort, of providing thermalstorage.

However,the whole systemconceptenters
the areaof misusewhen, to raise the thermal
efficiencyof thesecondlaw process,attempts
are made to build the thermal load in the
normalvalleys.This conceptof "building the
load" often createsa false needfor thermal
energy under the mistaken notion that the
heatenergygenerallysteamis free!

Consider economics and Ee
Let us considerthe economicsandEe of a
system, consideringthree simple examples.
The conditionsare:

* Cost of purchasedelectricity is 2c per
kW-hr.

* Heat rateof the utility is 11,377Btu per
kW-hr Ee = 0.30.

* Higherheatingvalueof coalis 11,000Btu
per lb.

* Coalcostfor on-sitegenerationis $28 per
ton $1.27per MMBtu.

* Seasonalboiler efficiency on-site is 75
percent.

Case 1
Power is to generatedon-site with a steam
Rankinecycle, throttle conditions,400 psig
and750 F; exhaust,2 in. Hg; 1000Btu per lb
admittedly low, but adequatefor theseex
amplesand 70 percentisentropicefficiency
areassumedfor theturbine.Theheatrequired
to generateI kW andthecostis shownin Fig.
43-1. Thefuel cost is l.80q perkW-hr and the
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Fig. 43-1. Case1.

Ee is 24 percent,comparedto 2e perkW-hr
and30 percentfor the utility company.

Case 2
The sameenergycommunityhas a needfor
30,587Btu thermalenergycoincidentwith the
needfor 1 kW electricalenergy. The condi
tionsandassumptionsarethe sameas in Case
I, exceptthat the turbinewill exhaustat 100
psig. Theturbineheatrate,.perkW-hr risesto
34,000Btu part a of Fig. 43-2 andtheplant
input fuel requirementis 45,333 Btu,at a cost
of 5.75q. The value of the cascadedheat is
representedby thealternativemethod of gen
erating it with a simplex steamboiler cycle
partb of Fig. 43-2,with an indicatedvalue
of 5.l8c. The difference,then,is the true cost
of thefuel for thekW-hr at 0.57. In this case,
the Ee for the combinedplant is 75 percent.
With utility electricity,and on-sitesteam,the
Ee would be 65 percent.

In Case2, it is quite likely that the appro
priatesavingsof l.5c perkW-hr couldamor
tize the cost of thegeneratingplantandcover
suchcostsas management,operations,main-

b

tenance, and so on. However, in the vast
majorityof energycommunities,the needfor
thehypothetical30,587Btu of thermalenergy
is seasonalin nature, and some balancebe
tweenthe favorable Case 2 and the highly
marginal Case 1 is strived for by utilizing
variableextractionat the 100 psi level. It is at
this point, the striving for the advantagesof
Case2, that thepitfall in the logic is found,i.e.,
building the steamload.

Case 3
Case3 is the sameas Case2, exceptthat the
communityhasarequirementfor 1.5 ton-hrof
cooling coincidentwith the I kW electricity.
This is provided as shownin part a of Fig.
43-3, with all conditionsthe sameas Case2,
exceptthat the30,587Btu is generatingthe 1.5
ton-hr through an absorptioncycle. An ob
vious alternativetotheabsorptioncycle would
be to purchaseelectricityfrom the utility and
producethe 1.5 ton-hrthrougha compression
cycle consuming1.5 kW-hr COP of 3.5ata
cost of 3. Subtractingthis credit from the
5.75 fuel cost producesa net cost for the

[ Cost of KWH = 5.75 - 5.18 = 0.57
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FIg. 43-2. Case 2.
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Fig. 43-3. Case 3.

generatingkW-hr of 2.75e.The energyeffec
tivenessfor this combinedcycle, basedon a
standardCOP of 3.5, is 19 percent,and the
total cost is 5.75c. If the value option were
employed-utility power for compression
coolingandon-sitepowerfor siteelectricity-
the cost would be4.8 andtheEewould be27
percent.

The purposeof this simplified exampleis to
illustrate that so-calledfree steamis, in fact,

not freeif the load must be createdto provide
a use. The decisionmaking relating to com
bined plantsmust be basedon in-depth anal
ysis of all the dynamic operatingconditions
relatingto the trueconnectedloadsandnot to
the loads that are created within the con
version plant itself to increasethe so-called
efficiencyof one specificmoduleor subsystem.

For aneconomicsrelationshipfor this type
of conversionsystem,seeChapter41.
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