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A primer on energy
Generallyspeaking,all energyon earthcomes
from thesun.Energyexistsin differentforms,
such as chemical, nuclear,sound, light, me
chanical,heat, etc. Energycanbe converted
from one form to another, and all energy
eventually converts into heat when being
expended.

What energy is

Energy can be defined as the ability to do
work, andwork is definedas expendingof a
force througha distance,for example,lifting
an object to a higher elevation. If a box
weighing 10 lb is lifted from the floor ontoa
table which is 3 ft abovethe floor, the work
requiredis 10 lb times3 ft or 30 ft-lb. To do
this work, it will theoreticallyrequire30 ft-lb
of energy.

Conversion of energy

A law of physics knownas thelaw of conser
vation of energystatesthat energycanneither
be creatednor destroyed.This law is very
important in understandinghow energy is
usedandhow it canbeconserved.The 30 ft-lb
of energythatwasrequiredto lift thebox onto
the table is not usedup and lost; rather it is
storedat thebox as "potential energy."If at a
latertime, thebox wereloweredfrom thetable
back to the floor, the 30 ft-lb of stored
potential energy would be available to do
some otherwork, suchas lifting an object to
anotherheight assumingbox and object are
connectedto a systemof cordsandpulleys.An
exampleof such a device is the double hung
window with counterweightsin the window
jamb. Whentheupperwindow is pulled down,
counterweights rise within the jamb; force
expendedby the person to pull down the
window is storedas potentialenergyonto the

counterweights.When the window is again
raised, energy storedin the counterweights
providesmostof the requiredwork to lift the
sash.

Asidefromthedirectwork energy,thereare
other forms of energy. Most people have
heardof the Boy Scout’s techniqueof starting
a fire by rubbing two sticks together. This
techniqueusesdifferent forms of energy. It
takeswork andthusenergyto rub the sticks
togetherbecauseof a resistanceto the "rub
bing"calledfriction. That is, thesticksare not
completelyfree to moveagainstoneanother
whentheyarepressedtogether;it takesenergy
or work to makethem slide. But this energyis
not storedas was the energy usedto lift the
box. What happensis that the sticksget hot,

and work energy is thus converted to heat
energy. Heatenergy is measurednot in foot-
pounds,but in British thermal units called

Btu. It requires778 ft-lb of work to convertto
1 Btu of heatenergy.In this manner,the work
energy of rubbing sticks is convertedto heat
energy. When the heatenergy accumulated
becomeshotenough, it could ignite some
combustible materials, such as wood chips,
and the fire is startedby a processof com
bustion.In the combustionprocess,chemical
energy which is stored in the wood chips
combineswith oxygenin the air and releases
thermal or heatenergy.The chemicalenergy
storedin thewood is uselessuntil it is released
throughthis combustionprocessinto theform
of heat. Once the heatis released,energycan
be utilized for spaceandwaterheating,cook
ing, and otherprocesses.

Gasoline used in an automobile engine
ignited by sparkplugs in a mixture with air
containing21 percentoxygenconvertschem
ical energyto heatandwork energyproviding
the mechanicalforce to move the car.
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Table IS-I. Energy value of common fuels.

Approximate
Fuel high heat value

Natural gas 1,000 Btu/cu ft
Propane 93,000 Btu/gal
Oil 140,000 But/gal
Coal
Wood 12 percent moisture

10,000 Btu/Ib
8,000 Btu/lb

Fuels classified
Thematerialsused to releasestoredchemical
energy by combustionare called fuels; most
common fuels contain as basic ingredients
carbonandhydrogen,or hydrocarbons.There
are two commonclassificationsof fuels-bio
fuels and fossil fuels.

a Bio-fuelsareproductsof growingmatter
suchas treesand plants.This matterreceives
energyfrom the sunwhich is combinedwith
otherchemicalsof theearthas theygrow over
a relativelyshort timespan.At somestageof
growth, thesebio-fuels canbeharvestedand
usedfor fuel with replacementsplantedfor.a
laterharvest.

b Fossil fuels are generally consideredas
nonreplenishableandthereforedepleting.Fos
sil fuels alsoderivetheir energyfrom thesun,
but it took millions of yearsfor them to form
to their presentstate.Commonfossil,fuelsare
naturalgas,petroleum,andcoal.

The amount of energy in the form of heat
that can be obtainedby the burning of fuel is
calledthe highheatvalueof fuel; someof the
most common fuels and their approximate
high heatvaluesare shownin Table 15.1.

Electrical energy
Another familiar form of energy is electrical
energy.Electricalenergyprovidesa very use
ful methodor meansof moving energyfrom
one placeto another,or of transferringfrom
one form to another.Electricalenergycanbe
transformedfrom chemical energy fuel cell
and batteries, nuclear energy, heat energy
thermoelectricand thermionic,magnetohy
drodynamicmechanicalenergyhydro, and
thermal-mechanicalenergy.Over90 percent

of the electrical energy generation in this
country is by thermal-mechanicalmethod
whereelectricalenergyis producedby driving
a rotation electricalgeneratorwith a steam
turbine. The steamturbinederivesits energy
from expandingsteamproducedby burning
fossil fuel. In this energyconversionprocess,
chemicalenergyis convertedinto heatenergy,
to mechanicalenergy, and then finally to
electricalenergy.Electricalenergyis thensent
throughtransmissionlinesto distantlocations
where it is converted to other useful forms,
suchas runninga fanto mechanicalenergy,
heatinga spaceto heatenergy,andlightinga
taskto lighting energy.

Electrical energy is usually measuredin
kilowatt-hours kW-hr or KWH where 1
KWH is equivalent to 3413 Btu. Another
energyunit commonlyused is "horsepower-
hour" hp-hr where 1 hp-hr is the equivalent
of 2545 Btu.

Energy units
Common forms of energy usedor found in
building systemsand their units of measure
ment are shownin Table 15-2.
The British thermal unit Btu is the most
commonlyusedunit for energymeasurement
or for a common baseof energyconversion;
however, it is a very small unit when com
paredto theamountusuallyrequiredin build
ing systems.In building energy evaluation,
onemustconstantlydealwith astronomically
largenumbers.Frequently,hundred-thousand
Btu therm, million Btu mega-Btu,billion
Btu giga-Btu, or quadrillion-Btuquad-Btu
are used for expressingannualenergy con
sumption.

Power and energy
Powerhasoftenbeenconfusedwith energy.In
trying to understandenergyconservationand
energy management,it is very important to
understandthe differencebetweenthesetwo
terms.

Poweris the rate of consumptionor con
version of energy;that is, power is an ex
pressionof how long or how quickly a given
amountof energyis consumedor converted.
An example:if 100 hp-hrof energyis usedin 1
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Table 15.2. Energy equivalent.

Form Unit of measurement Btu equivalent

Heat British thermal unit Btu -

Electrical Kilowatt-hour kW-hr 3413
Mechanical Horsepower-hour hp-hr 2545
Chemical fuel Pounds, gallons, cubic feet See Table 15-3

hr, the power requiredwould be 100 hp-hr
divided by I hr, or 100 hp. Thus a motor or
engineto provideenergyat this ratewould be
a 100 hp motor; however,if thesameamount
of energywere usedover a 10 hr period, it
would requireonly a 10 hp motor. Expressed
in a mathematicalequation,the relationbe
tweenpowerandenergyis:

energy
power

time

Power units defined
If each energy term discussedpreviously is
divided by time, thenthe powerunit for heat,
mechanical,and electrical energy will be
Btu/hr, hp, and kW, respectively.

If a building is being cooled,it is necessary
to removeheatenergyfrom the space.This
cooling procedureis more commonlycalled
"air conditioning."Therateat which this heat
is removedcan be expressedas Btu/hr cool
ing, or tonsof refrigeration.Commonpower

unitsandtheir equivalentvaluesin Btu/hr are
shownin Table15.4.

The effect of power on costs

Considerthe caseof the 100 hp-hr of energy
consumed in the earlier example. If it is
feasibleto usea 10 hp motorfor 10 hr perday,
it would certainlybe betterthanusinga 100 hp
motor for only 1 hr per day becausethe
investmentcost of a 100 hp motor is much
higherthan the 10 hp motoreventhoughthey
bothconsumethesameamountof energy100
hp-hr perday. It canthereforebe said that
power is related to investmentcost, and
energyis relatedto operatingcost.

Electrical usagefor a building is generally
chargedby the amount of energy kW-hr
consumedper month. However for large
users,the utility companymay also baseits
charge on power kW demand which is
normally determinedby the maximum de
mandduringany 15 mm intervalina monthor
year. In this case, power demand is also
relatedto operatingcost for the user. The

Table 15.3. Energy unit EU value of common sources.

Type of energy Unit of measure

Approximate value*

English unit
Btu

Metric unit
kcal

Electricity
Gasoline
Fuel oil no. 2
Residual oil no. 6
Natural gas

LP gas butane
LP gas propane
Steam at 14.7 psia
Steam at 200 psia
Coal average

Kilowatt-hour kW-hr
Gallon gal
Gallon gal
Gallon gal
Cubic feet cu ft
Therms tm
Gallon gal
Gallon gal
Pound Ib
Pound Ib
Pound lb

3,413
128,000
140,000
147,000

1,000
100,000
102,600
93,000

1,150
1,200

10,000

860
32,000
35,000
37,000

250
25,000
25,600
23,300

290
300

2,500

*BtuBritish thermal unit; kcal-kilocalorie. Energy values shown in the table may vary with source.
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Table 15-4. Value of units.

Form Unit of measurement Btu/hr equivalent

Heat Btu per hr -

Electrical Kilowatt 3,413
Mechanical Horsepower hp 2,545
Cooling Tons of refrigeration 12,000
Chemical fuel Btu per hr -

utility company,however,mustchargefor the
demand power to offset their investment
cost in the generatingplant and distribution
network.

Energy required in buildings

Energy is generally usedin buildings to’ per
form functions of heating,lighting, mechan
ical drives,cooling, and specialapplications.
The energy is available to the building in
limited forms, suchas electricity, fossil fuels,
andsolarenergy,and theseenergyformsmust
beconvertedwithin the building to serve the
end use of the various functions. A loss of
energyis associatedwith anyconversionpro
cess.In energyconservationefforts, thereare
two avenuesof approach-reducingthe re
quirementof the end use, and/or reducing
conversionlosses.The latteris an unfortunate
situation inherent in most conversion pro
cesses.For example,the furnacewhich heats
the building producesunusableand toxic flue
gaswhich mustbe ventedto the outsideof the
building, and thuspart of the energyis lost.
The "lost" energy is not destroyed,it simply
endsup as heatenergy.

Conservation of depletable energy

The ultimate source of energy, as stated
earlier, is the sun. It is plentiful and nonde
pletablefor million of years; however,from
the perspectiveof current technology and
social systems,the vast majority of energy
resourceis still fossilfuel, which is adepletable
commodity. Even thoughelectricity can be
convertedwithin buildings to other forms of
end use with relatively low losses, it has
already undergonea conversionprocessin
which approximatelytwo-thirds of the fossil
fuel energywas lost,unlesselectricityis gener
ated by hydroelectricplantswhere energy is
convertedby controlled water fall potential
energy.

Solar energy,the only continually nonde
pleting source available, is not easily con
vertedto theform neededfor theenduse,and
theinvestmentcost of solarenergyconversion
systemsis quite high comparedto morecon
ventional sources.In achievingthe goal of
energyconservation,efforts must be directed
towardminimizing consumptionof depletable
energyresources.


