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A chronology of building
systems technology,
1929 through 1979
Our industry has made dramatic contributions to
society; here’s a look at what they have been and what
they must be in the years ahead.

Theearlynineteenthcenturygavebirth to an
eraknownto everyelementaryschoolstudent,
the industrialrevolution.Along with theindus
trial revolution,the studentreadily identifies
namessuch as Whitney, Watt, and Fulton.
This was an era in which man learned to
harnessthermalenergyandconvertit to work,
therebyamplifying his potential productivity
many ordersof magnitude.This vastincrease
in human productivity convertedmankind’s
lot from a crude,almostprimitive existenceto
the advancedsocietyof comfort,accomplish
ment, and opportunity we know today. It is
the economicadvancesborn of the industrial
revolution that aremostcommonlyacknowl
edged.

Other names,not so readily recognizedby
theyoungstudentor theman on thestreet,are
thoseof suchmenas Carnot,Rankine,Max
well, anda hostof otherthermodynamicistsof
thenineteenthcentury.Thesenamesaregener
ally recognizedonly by physicalscientistsand
engineers.It wasthey who ponderedthedeep
questionsof the behaviorof materials,fluids,
and energy;identified theseelementsof be
havior; and developedthe scienceof thermo
dynamics.This science,in turn, formed the
foundationof the industrial revolution, then
went on to carry it into the twentiethcentury
in high gear.

The primary goal of the vast majority of
early machinesand consequentlythe direc
tion of thermodynamicdevelopmentwas to
provide work or so-calledshaft energy.This
shaftenergywas, and is, consideredthe high
est form of energy;that is, the form with the
highest"value." The next andrelatedareaof
attention in thermodynamicswas that con
cernedwith machinesthat causeheatto flow
from lower temperaturesinks to those at
highertemperatures-refrigerationmachines.
Then, to supplementthe use of the thermo
dynamicallyproducedshaft power,following
discoveriesby Oersted and Faradayin the
earlynineteenthcentury,electricenergy was
developedto transportthe shaft level energy
from place to place.

If we pick up thechronologyof thedevelop
ment at the beginning of the twentieth cen
tury, we find that many exciting eventswere
eitheroccurringor wereaboutto occur in the
conversionof heatto work:

* Locomotivesdrawinglong trains of peo
ple and cargo were crossingthe continents,
some containingtheir own powerconversion
plantsand othersutilizing power in the form
of electricity.

* Thefactoriesof theworld were humming
with machinesmakingeverythingfrom clothes
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to wagonwheelsto locomotives.Again, some
of the factorieshadenginesconnectedto line
shaftswhile others usedelectricity provided
from a nearbypowerplant.

* In thecities,therewasno longertheneed
to travel by foot, horseback,or horsedrawn
coach.Publictransportationwas availablein
the form of streetcars,poweredby electricity
or cablesdriven from centralpowerplants.

* In westernEuropeandtheUnited States,
companieswerebeingformedto manufacture
machinesthat were actually intendedto re
place the horse-automobiles.

* ProfessorLangley’ssteampowered"aero
drome" had successfullyflown for 1 minute
and49 secondsin 1896,andthe racewas on to
developa craft that would carry manthrough
the air. The Wright brothersaccomplished
thefeatat Kitty Hawk,N.C., on December17,
1903.

* Candlesand oil lanternswere being re
placedthroughoutmuch of theWesternworld
with gas lamps;electricarc lights were usedin
somecities to light thestreets;and thesuccess
ful developmentof the incandescentfilament
lamp was just aroundthe corner.

* The processof generatingsteam from
fuel, which hadbeendevelopedfor the then-
commonlyused steampower cycle systems,
had been turned to another use, one not
generally consideredat the time to be a
thermodynamiccycle. This use was as a heat
transferfluid, to heat buildings. The multi
plicity of fireplacesandchimneyswasgiving
way in many of the larger buildings to so-
called central heatingsystemswhere the fuel
usuallywood orcoal wasconvertedto steam
at a central point andthe steampiped to the
roomsandcondensedin castiron radiatorsto
heat the space.

* Refrigerationplantswere constructedin
most larger population centers in order to
makeblock ice from river water.The ice thus
enabledpeopleto preserveperishablefoods-
a conceptthat wasaboutto changethe eating
habits of the world, significantly improving
humandiets, health,and quality of life.

From this beginning at the turn of the
century,thecontinuedindustrialdevelopment

to 1929 is generally recognizedas being in
transportationthe automobileand the air
planeas well as in industrialprocesses,which
were turning to massproduction. Public at
tention to the depression,the related eco
nomic hardshipsof the 1930s,the war in the
1940s, and the cold war in the 1950s drew
attention from the continueddevelopmentof
the industrial revolution. An aspectof this
periodthatgenerallycomesto mind, however,

‘is theconversionof theindustrialwarmachine
of World War II to civilian purposes.

Some of the evident highlights of this
conversiontooka notableturn from thetrend
of the prewarera.In rail travel, the l940sand
1950ssaw the steamlocomotive replacedby
the diesel-electricand also saw the rail pas
sengerbusinessvirtually disappear.Very little
happenedwith postwardevelopmentof the
privateautomobile,exceptfor slow moderni
zation with increasesin size, increases in
horsepower,and increasesin fuel consump
tion. It must be recognized,however, that
improved manufacturingprocessesbrought
on the era of two-car families. The most
recognized change was perhaps in aircraft
developmentand air travel. The propeller
planewasreplacedalmosttotally by jet pow
ered aircraft, until today we have gigantic
jumbo jets that hold hundredsof passengers
and fly just under Mach I as well as the
EuropeanConcordthatcrossestheAtlantic at
supersonicspeeds.

But behind the romance...
Thesearethe"romantic"remembrancesof the
continuedimpetusof the nineteenthcentury
industrialrevolution in themid-twentiethcen
tury. But therewas anotherbranch of this
developmentthathad anevengreaterimpact
on mostof our lives andprovidedthe catalyst
for further improvementsin productivityand
science.Keep in mind that increasesin pro
ductivity percapitaaretheonly waymankind
canimprove its lot! This branchof develop
ment was in theenvironmentalsciences.This
areaof technologyprobablyhadthe leasttime
in development,the leastresearchor develop
ment supportedby public monies,andyet the
greatestimpact on our lives and life stylesof
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any branchof scienceor engineeringduring
the twentiethcentury.

Central heating systemsadvancedslowly
from the nineteenthcentury through the
World War II era, picking up other central
heatingconceptsalongthewaysuchas gravity
hot water heating and warm air. In some
cases,in large buildings, systemswere com
bined, particularly to addressthe need for
ventilation. But by today’s standards,the
systemsof a mere35 yearsagowere primitive
to say theleast.Around 1911, Willis Haviland
Carrier,anengineerwhosenameandcontribu
tions are little known to those outside the
industry, initiated the twentieth centuryad
vancesin the scienceof conditioning the air
prior work hadbeendocumentedas earlyas
1837, but little use for the mathematical
relationshipswas recognized.

Carrier’swork grewoutof the cotton mills
andotherlimited industrialapplicationsprior
to World War I and,supplementedwith the
thermodynamic refrigeration cycles of the
previous century, started creepinginto the
eyesof the public during the postdepression
era of mid and late l930s. In those years,
theatersand other placesof public assembly
such as large hotel ballrooms and meeting
roomswere seento be advertising"20 degrees
coolerinside."The prior option was that such
spacessimply were not used during hot
weather. Parallel activities during the same
era found the household ice box being re
placed by a refrigerationplant, not on the
river but right in the kitchen!, and the cen
trifugal pumpappliedto thegravity hotwater
heatingsystemto make it more forgiving of
pipe sizing, balance,andresponseproblems.

Thesedevelopmentsceasedduring the war
years, as did those in most nondefense-ori
entedfields of endeavor.The postwar years
sawenvironmentalsystemsdeveloplike a new
industrialrevolution,with nearlyassignificant
a social and economicimpact as the nine
teenthcenturyindustrialrevolution.

Someengineeringandbusinesstalentswere
directly convertiblefrom military to civilian
activities andwere channeledinto suchfields
as transportationand communications.Oth
ers were seekinga new home, and with no

involvement or direction from the federal
government,United Statessociety found a
slot for technologistsin the little recognized
areaof environmentalcontrol.Admittedly, in
themanufactureof explosivesduringthewar,
the recognition of the integration of space
cooling andheatinghaddeveloped.Thus was
born the conceptof spaceair conditioningas
we know it now.

How we contributed
It is almost awe inspiring to reflect upon
the impact thebuilding environmentalindus
try hashadon United Stateseconomicgrowth
following World War II and on other ad
vances in science and industry. And it is
interesting to note that, scientifically, there
have been no so-called breakthroughs;the
entire processhas been one of ingenuity in
applicationengineeringandproductdevelop
ment.

The United Stateseconomyhas beenbasi
cally inflationary since 1946. Energysources
developedto servethe United Statesdefense
machineduring the warwere madeavailable
to the civilian marketat a very modestprice.
This availability tendedto exert marketpres
sureson thoseareasof technologythatcould
benefit the economicsystemand the social
welfarewhile retainingthe neededgrowth in
the energysupplyindustry. The responsewas
thata totalchangeoccurredin themethodsof
constructingindoor space.

The architect was releasedfrom the prior
comfort-relatedconstraintsof masscontrol,
ceiling heights,window designs,and the very
shapeandsiting of thebuilding.Hewas totally
freeto shapeandarrangethe spaceto suit the
functionalneedsof the occupants.The avail
ability of low-cost energyand the technolog
ical advancesin the engineeringdisciplines
thatcomprisethebuilding environmentalsys
tems industrycombinedto provide the neces
saryenvironmentalcontrolirrespectiveof the
envelopeshapeor material. Not only did this
technologyenabletheindustryto createmore
comfortable spacesregardlessof weatheror
building location, but the improved space
quality wasalsoprovidedat a lowerrealcost
per usableunit of area.



34 I I ENGINEERING PHILOSOPHY

The effect this had on the economy is
analogousto increasedproductivity: we were
gettingmorefor less.Thus,thebuilding indus
try, conceptually,was a high-productivity
industrythat contributedto a growingecon
omy ratherthan to inflation!

The far-reachingeffectsof therevolution in
building designsand technologyare difficult
to identify andsummarize,butthefollowing is
an attempt to recognizea few of the more
significant contributions:

* On July 20, 1969, the Un’ited States
SpaceshipApollo II landedon themoon,and
astronautsNeil Armstrong and Ed Aldrin
walked on the moon’s surface. All mankind
recognizesthis as a magnificentaccomplish
ment of the aerospaceindustry, but a key
componentof that industry is the building
environmentalcomponent.Without specific
and substantialcontributions from the en
vironmentalsciences,thefeatwould not have
been accomplished.One such contribution
wasthe extensiveresearchon humancomfort
andhumanheatdissipationmuch of it spon
soredby privateindustrythroughASHRAE.
Anotherwas theability to provideessentially
sterile atmosphereswith extremely accurate
temperatureandhumidity control,which were
necessaryfor the manufactureof sensitive
electronic componentsand for subsequent
assemblyof thesecomponents.

Health care advanced
* Thefield of healthcarehascertainlybeen

advancedby developmentsin heating,venti
lating, andair conditioning.Modernsurgical
suitesare dependenton high-efficiencyfiltra
tion and pressurizationtechniquesthat re
moveairbornedirt andbacteriafrom entering
air and prevent infiltration of contaminated
air from adjacent areas. Precise humidity
control also providesan effective meansof
maintainingcleanlinesssince the growthrate
of microorganisms is minimal at approxi
mately 50 percentRI-I. Also, stabletempera
tures and humidities are important for pa
tients in burn treatmentcentersandintensive
careunits as well as thoseweakenedfollowing
surgeryor othertrauma.

On a less sophisticatedlevel, modernair
conditioningsystemshaveprovided relief to
millions of sufferersof allergiesand respira
tory problems. And it would be virtually
impossibleto estimatethe numberof casesof
heatstressand other medicalproblemsthat
havebeenpreventedby air conditioningand
ventilatingsystemsin our homesand work
places.

Enter computer technology
* Computertechnologytoucheson virtu

ally everyphaseof our lives. Computersread
thepricesof thegoodsat thegrocerystoreand
departmentstore; they calculatethe monthly
bills and invoices for virtually all industries
from the family doctor to the credit card
agency; they scheduleindustrial production
andcontrolinventory; theycalculateour pay
checksandbankbalances;theycategorizereal
estatelistings. In virtually all occupations,we
find ourselvesinterfacing if not competing
with some form of computertechnology.

But to do all this "thinking," the computer
appearsto be asecondlaw machinemuchlike
man and must therefore dissipateor reject
heat. As such, the computeris quite sensitive
to its environmentalconditions of tempera
ture and humidity. It could never havebeen
developedin the mannerand within the eco
nomicstructurethat it was werewe notableto
provide thecomputerwith an environmentof
closely controlled limits of air temperature,
humidity, cleanliness,and distribution.

* Theeconomiceffectof computertechnol
ogy and use development,properly applied,
wasand is to increasetheproductivityof man.
But considera more direct relationship be
tween environmentand man’s productivity.
After a good night’s sleep in the controlled
temperatureof a modernhome,a personis as
physically and psychologically fresh at the
start of a workday following a 90 F humid
night in Augustas he is following a "perfect"
60 F evening in spring or fall. The office
worker cancopewith his productionrequire
mentsequallywell year round.It is notsimply
a matterofconifort. Considerthe problemof
an engineeringor architecturaloffice trying to
producetracingsfor blueprintsduring warm,
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humid weatherin the years precedingthe
quality of air conditioningknown today. Not
only did extremediscomfort tend to reduce
productivity, but the mundanechallengeof
protecting the tracings from perspiration
smearsconsumedas muchtimeas puttingthe
lines on the paper. If a truly scientifically
accuratestudyaddressingall of the relevant
considerationswere undertaken,it would not
besurprisingto find thatsummerproductivity
in the moderatefour-seasonzoneshas in
creasedat least 100 percentas a result of air
conditioning technology.

Air conditioning opens sun belt
* In some areasof the United States,the

period of thermaldiscomfort for indoor ac
tivity was not a simpleseasonalproblembut
rather a continual condition. These areas
included much of the Southeast,South,and
Southwest.Becauseof the indoordiscomfort
due to high temperatures,these areaswere
predominantlyrural in nature,and the major
industriesexceptfor mining and petroleum
drilling were farmingandranching.The first
decadesof the past 50 years saw an over
abundanceof farm products,which,evenwith
governmentalsupport, pointed to a certain
economicdeclineof thoseareas.

Just as the decline was imminent,the new
building technology freed the sun belt from
decline and openedup a future of dramatic
growth.Not only did it provideopportunities
to increaseproductivity significantly through
both residentialand commercial air condi
tioning, but it also providedthe vehiclefor a
massivemovementof peopleand industrial
activity from the congestedareasin more
northernsectorsof the nation.

Auto cooling aids market
* Air conditioningand refrigerationtech

nologyhascontributedmoreto theexpansion
of the automobile market than any other
singlecontributor.Earlyefforts, like those in
mostcommercialdevelopmentswere add-on
cooling units, which started to impact the
market in the early 1950s. Then the auto
manufacturerssawa public demandand be
gan to integratecooling systemsinto auto

,designto provideyear-roundindoor comfort
control in the family car. An initial observa
tion is that this "accessory"simply makesthe
ride in the car a bit morecomfortableduring
hot weather. The fact is that a few days to
severalweeksof driving on a family vacation
in hot weatherwithout a cooling systemwas
an almostunbearableexperiencethat rela
tively few peopletook to. It was theaddition
of cooling that senta vast numberof Ameri
can families across the nation’s highways
during the school vacationmonths of June,
July, and August.

A naturalnextstepin theevolutionwasthe
advent of the recreational vehicle, a home
whereveronechoosesto go. Withoutcurrent
air conditioning technology,the RV as it is
known todaywould neverhaveexisted.

Another industry that was virtually built
upon the air conditioned car is the modern
motel industry. Increasednumbersof travel
ers, needlessto say,requiredplacesof restand
refreshment,andto providefor this need,a
wholenewindustryof modernmotelsgrew up
along the nation’s interstatehighways,which
arethemselvesat leastpartially attributableto
the air conditionedcar.

GNP per capita climbs
* The bestmeasureof standardof living is

thought by someto be the adjustedGNP per
capita. Another measureof what might be
more correctly called quality of living is the
percentageof personalincomespenton leisure
activities. This ratio has continually climbed
duringthesepast50 yearswith few temporary
declines.Considertheimpactthatadvancesin
HVAC technologyhavehadon leisureactivi
ties, starting with bowling. Admittedly, the
bowling pinsettingmachinewas a catalystfor
the growth of the industry in the l950s. But
without the year-roundrevenuesfrom use of
the machinesduring all outdoor tempera
tures, it is doubtful that the industry could
havesupportedthe cost of the pinsetters.In
otherareasof leisuretime activities,oneof the
major recreationgrowthindustriesin the past
decadehasbeenthe racquetsportsof tennis,
racquetball,and squash,all played now in
doors in controlled environments.Hockey,
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both professionaland amateur,can now be
played at any time of the year in Houston,
Texasas well as Ottawa, Ontariobecauseof
the advancedtechnologies of refrigeration
and air conditioning.Even the massivespec
tator sports of football, baseball,and soccer
are played in indoor "stadiums" in some
places where it tends to be too warm for
outdoor baseballin summeror too cold for
outdoorfootball in winter.

A plan hasevenbeendevelopedto provide
indoor facilities for skiing in areasof the
country that do not havethe neededmoun
tains and temperatures.

Thesehavebeenbuta few brief examplesof
the impact that the air conditioningand re
frigeration industry has hadon society over
the past 50 years. A key elementin the dis
sertation has been that the technological
growth wasa responseto needsof the United
Statessocioeconomicsystemfollowing World
War II. As previouslystated,the needswere:

I Ajob marketwas requiredfor scientists,
engineers,and technologistsfollowing thewar
effort.

2 The energy industry, which had geared
up for massiveproductivity during the war,
was pressuringsocietyto createa marketfor
their goods so that their industries could
continueon the necessarygrowt’h curves.

The next 50 years
As we in the industriesof building environ
ment andrefrigerationembarkon the next50
years,we might look proudlyon our contribu
tions over the past half century, but might
then reflect on whetherthereis to be a change
in the previouslyset course.

It wasmentionedthat theaccomplishments
achieved,initiated to satisfy society’sneedsas
statedabove,cameaboutthroughfreemarket
pressures.There was no masterplan, so to
speak,developedby the governmentor our
political leadership.This observationis most
significantas we glanceforwardto thecoming
half century.

Many of today’spractitionersin theindus
try arethosewho havehadthe opportunityto
participatein the industry’sgrowthin thepast

50 years.It now appearsthat thegroundrules
or society’s needshavechangedand that we
will have the opportunity to lead in the
solution of a new problem. It is doubtful
whetherany given sectorof technologyhas
ever had such an opportunity to assist the
socioeconomicsystemon so significant an
undertakingbefore; and in this industry, we
are about to be given the opportunityfor a
secondtime within five decades.

To addressthe needsof our emphasisand
directedenergiesfor thecoming half century,
comparethem to the above-statedneedsof
society following World War II. Coinciden
tally, thefirst need,thatof retraining,hasrun
a completecycle and exists onceagain. This
time, the federalgovernment,bent on solving
all social needs, is attempting with little
fruition to handle the retraining through
governmentcontractsand by directingthou
sandsof former aerospaceandAEC scientists
and engineers into government sponsored
programs concernedwith building environ
ments, most of which have had, or show
promiseto have,little effecton theindustryor
society. More quietly, therehas been a per
sonnel shift of aerospacescientific andengi
neeringtalent into the free enterprisemarket
of theenvironmentalandrefrigerationindus
tries. This is a time when the industry needs
new talent at a greaterrate than our educa
tional systemcan provide, for a reasonthat
maynotbe immediatelyevidentandthat leads
to the secondneedof today.

In the late l940s, the energy supply and
productionindustry had a need to grow-a
needthat was real-andthe resultinggrowth
catalyzed an unprecedentedperiod of eco
nomic growth. This situation has changed
markedly.

Growth problems recognized
There were problems with this growth that
were fairly well recognizedby all knowledge
ablepractitionersin energysystems.The vast
majority of the citizenry and, unfortunately,
many of our political leaders,however,were
notcognizantof them.A mosttimely observa
tion came in a paper presentedby G. W.
Gleeson,deanof engineeringat OregonState
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College, at the Semiannual Meeting of
ASHVE in July l95l.* His paper, entitled
"Energy-ChooseIt Wisely Todayfor Safety
Tomorrow," presentedan in-depth study of
the then-currentuse patternsof energy re
sourcescoal, oil, oil shale,naturalgas,nu
clear,hydro, vegetation,solar,wind, geother
mal, tidal, tropical waters, and heatpump
potential andcomparedthemto theresource
availability. Thepaperillustratedclearly that
continued dependenceon United Statesre
sourcesin energyparticularly oil would lead
to a short-lived growth economy. A similar
messagerelated strictly to petroleum was
delivered by Dr. M. King Hubbert in his
addressto the AmericanPetroleumInstitute
on March 7, 1956.

The oil industryrespondedto the situation
by seeking other sourcesand commenced
rapid developmentof oil resourcesin other
partsof thefreeworld, includingSouthAmer
ica, the Middle East, and other relatively
undevelopedareas.Thus,with the full knowl

*Gleeson G. W., "Energy-Choose It Wisely Today for
Safety Tomorrow," Transactions, The A ,nericanSociety
of Heating and VentilatingEngineers,Vol. 57, 1951, pp.
523-540.
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edgeandblessingof the United Statesgovern
ment,we continuedour growth economyon
borrowedtime while becoming the world’s
largestoil importer, until today we are de
pendenton foreignpetroleumproductsfor the
survival of our economy.

Our leadership,insteadof recognizingthe
needfor redirectingour efforts in technology,
urgedus to go on spending with programs
such as "atoms for peace,"with one of the
slogansinforming usthatwith this newenergy
technology,electricitywouldbe so inexpen
sive we would not needmeters!

Now we must conserve!

We must now as an industry redirect our
efforts towardthe goal of preservingfor our
society all of those benefits that we have
provided, such as those enumeratedabove,
while reducing the rate of consumptionof
energyresources.If this canbe accomplished,
it will be aneconomicachievementof the first
order.

Figure 13-1 is a graphof GNP per capita
versusenergyconsumptionper capitafor the
periodof 1909 through 1973.An observation
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of thenearcongruenceof thetwo curvesleads
to the inevitable conclusionthat unlessnon-
depletingsourcescanbe found to replaceour
presentdepletingsources,in equivalentquan
tities, we havebut onechoice in chartingour
future course of action: that is to solve the
problem of direct interdependencebetween
energyconsumptionand GNP.

This can be done through more judicious
useof energy.Wecandesignandbuild homes
andbuildings in sucha wayas to providehigh
levelsof comfortwhile consumingless energy.

We can marketfrozen and perishablefoods
effectively while consumingless energyto do
so. We canrun our gigantic industrialsystem
on a fraction of the resourceenergy we are
consuming.

Therewill be relocationof peoplefrom one
industryto another,just as personnelshifted
from the railroadsto the airlines in the late
1940sand l950s; the appearanceof buildings
will change,just as it has over the past 50
years.It will beanexciting time.Oursuccesses
are behind us, and the challengeis before us!


