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ECONOMICS OF THE UTILIZATION OF ELECTRICITY
R. F. COOK

WESTINGHOUSE ELECTRIC CORPORATICN, EAST PITTSBURGH, PENNSYLVAKIA

Blectricity is & nighly. sopnisticated
Once produce:d, usua

and. sowmewhat abstract form of energy.
v Tfrom some source of thermal enerpy, electricity exists but
a Traction of 2 second before being consumed in uwseful work. About 35 to 40 per-
cent of the orisinal thermal energy reaches the uliimate consumer. Taking com-
petitive adventase of this situation, gas and oil interests are currently pro-
moting the concedt of delivery of eneryy in Tossil fTuel Torm to the consuner,
witi on-site conversion to electrical enerzy. dJudicious use of thermal energy,
normally wasted in the conversion process, permits overall theoretical efficien-
cies epproaching DO percent. The user of energy must therefore decide not only
what forvi oF eneryy to use at the point or utilization, bub, if the choice is
electricity, whetier To purchase it directly or to produce it himselfl.

The chioice of electricity at the point of utilization is mandatory for those
devices that demend on the peculiar characteristics of eleciricity, such as elec-
tronic devices ani clocks. Blectricity may be chosen simply because building a
fire is not convenient for such Jevices as toasters, irons, smell motors and
interior hts. Economics wmay dictate the choice of electricity or other energy
sources For heatin: ani cooling Aevices and larze rotational loeds.

Convenience, cs well as economics, Alctates that electricity be purchased
for users of relatively small quantities of energy such as residences and small
commercial establishments. For large users of energy, sucihi as industrial plants
and some large buildings, economics is the over-riiing criterion for deciding
whether to purchase electricity or to generate it locally.

.The remzinder of this paper is devoted to two presently important areas of
eneryy source competition: first, the economics of local generation instead of
purchased eleciricity for commercial buildings, and second, the utilization of
electricity for enviromment conditioning.

ISOLATED GENERATION ECONOMICS

An isolated zeneration system currently being promoted for energy supply to
commercial buildings consists of zas turbine or natural gas engine generation
conibined with & weans of waste heal recovery. The zeneration supplies lighting,
motor, and other miscellaneous electric equipment. The waste heat recovery
equipnent supplies various thermal requirementé such as hot water,heating and
steam absorption refriperation machines for air conditioning. The economics will
favor isolated generation only if the enersy cost saving afforded by the isolated
ceneration system, compared to conventional energy supply, more than offsets the
additional capitel expenditures required for the isolated generating and waste
heat recovery equipment. The following economic analysis was performed in order
to obtain a rough evaluation of the isclated generation concept.

A 64,000 square foot office building was selected for study to represent an
average size office building requiring a typical rating of .an isolated generation
plant. Twelve mzjor cities scattered throughout the United States were studied
in order to represent different climates and relative rates for electricity and
gas. The simple gas turbine system was selected because this system 1s being
promoted at the present time as having the greatest long-range potential.

Por each of the twelve cities, the two basic methods of energy supply which
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surierized as follows:

ic utility suwoplyi basic electric loads anl electric
ation machines Tor air conditioning. Gas wbility supply-
ving boller vhich produces steam for heating, hot water, and

Vc“ll»noou uses.

Gas utility supplying sas turbine generator units,

] : supply electricity Tor the vasic electyic loads, and,
throush a veste heat boiler, supply steam Tor heating, hot water, steam
ebsorntion welrizeration wachines Tor ailr conditioning, and other
rmiscellancous uses. All electric loaus are supplied at & Trequency of
60 c.p.s.

The 2] generation systen consisi
senerator sets with 2o third set used as a spa
cycles per seconil. Bach turbine generator s
follovin; conditions: sea level, 70° 7. inle
weter inlet pressure loss, and Eluht inches of

two normally operating turbine
] Generating frequency is 60
et is rated at 254 KW with the

t air temperature, two inches of
rater exhaust pressure loss.

Ener;y Cost Anclises

ok

All of the eneryy cost analyses were wade using a special digital computer
nrogram developed for that purpose.l - A simplified logic flow diagram of the com-
puter progran 1s shown in Figure 1. The program synthesizes the hourly steam and

electrical loads in the building based on hourly schedules of building usages,
building phaysicel characteristics, hourly solear angles and radiation intensities
and. complete hourly weather data Tor each of the cities. The weather date is
available in cerd or magnetic tape form from the United States Weather Records
Center. Once the hourly loads are synthesized, the program simulates the opera-
tion of the conve: nal or on-site enerpzy supply system in order to calculate
nourly input enerzy requirements. The last step in the progran is to apply spe-
cific utility rate schedules to the input energy requirements in order to deter-
mine monthly enewrrr costs. This progrem is coded for use on an I.B.M. (Intet-
national Business Lachwnes) 7094 digital computer.

Annuval Owning and Operatving Costs

Additional equipment required for the isolated energy supply system is
listed in Table 1. Tvo sets of cost fipures are included: present prices based
on current price estimates, and predicted prices hased on the isolated generating
concept achieving sufficient acceptance to result in high volume production of
the pas turbines.

The annual costs of the capital expenditures required by the isolated genera-
tion system are hased on a capital recovery Tactor orf 8.7 percent which, in turn,
is based on an amortization period of 20 years and a return of six percent on the
undepreciated investment. An additional 2.5 percent is included Tor texes and
insurance. Thus.the annual Tixed charze rate is 11.2 percent.

e total annual ovming and operating cost, excluding fuel, of the isolated
system is the sum o7 the Tixed cherges and the maintenance costs, as listed in
Table 2. Tais cost i3 then to be compared with the saving. in energy cost asso-
ciated with the on-site system. '

Economic Resultis

The results of this economic analysis are shown graphically by Figure 2.
The bar graphs represent the saving in annual Tuel cost of the isolated generation
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system comparel to the conventional systen. The horizontal lines represent the
increase in owning and operating costs (excluding Tuel) chargeable to the iso-
lated reneration systen.

The results show that the isolated generation concept is not the economic
choice in any-of the twelve cities when considering present price estvimates.

Using predicted future production prices, the isolated generation concept would
be the ec OLOMJC cnoice for this building in Chicago and Atlanta and would be

narcginel in Minnespolis, St. Louis ani Jacksonville.

(BN

ELECTRICITY FOR ENVIRONMENT CONDITIONING

Electricity wmay be utilized Tor environment conditioning in two basic man-
ners. Electrical energy may simply be converted back to thermal energy and
Aivectly used for space heating. Even thouzh this energy reconversion is accom-
plisaed at 100 percent efficiency, the overall efficiency from the thermal enersy
at the power plent to the utilization point remains at 35 to 40 percent. Thus it
is difficult for electricity to compete on a strictly energy cost basis with a
fossil fuel system having an overall ef iiClenCJ of about 65 percent. This situ-

.ation is demonstrated by Figure 3A wvhich shows the number of cities, out of a

selected sample of 26, that have the indicated ratios of gas heatinz costs to
electric heating costs Tor residences. The cost ratios apply to energy only and
assume an overall gas system efficiency of 65 percent, and that a 10 percent
savings can be realized with the electric heating system through the use of
diversiTied temperatuire control.

One must be avare, of course, that the total economic picture includes first
costs of the systems, dirferential structure costs and maintenance costs, all of
which tend to Tavor electric resistance heating over a fossil fuel system. This
is substantiated by the fact that electric resistance heating is quite commonly
utilized in certain areas of mild climates, where, regardless of the conpetltlve
rate situation, total heating energy bills are relatlvelJ low.

Electricity is a uniquely convenient means of supplying rotational loads
over a complete spectrum of magnitudes. Consequently the second means of utili-
zing electricity for environment conditioning is through the use of electric
motor-driven refrigeration compressors. These devices may be either refrigera-
tion units just for cooling, or heat pumps for bhoth heating and cooling.

Electric motor-driven refrigeration units compete gquite favorably with any
other type of cooling on the basis of first costs and operating costs. Consider,
for example, the 300-ton steam absorption and electric drive centrifugal refrig-
eration machines studied in conjunction with the isolated generation system
reported previously in this paper. The steam absorption machine, compared to the
electric-drive machine, required 7.25 times as much energy to the machine itself,
25 percent wmore auxiliary powver, and cost over 15 dollars per ton more in first
cost. Economically justifying the steam absorption machine would be difficult
unless the steam or Tossil fuel were very inexpensive by-products of another
process, -or the electrical energy were unusually expensive.

The heat pump improves, to a considerable extent, the ability of electricity
to compete with fossil fuels on the basis of heating energy cost. This reverse-
cycle refrigeration unit. permits the utilization of free heat available from such
mediuwms as the outside air. A typical periormance factor for a residential air-
source neat punp is two. This may be considered to be an annual efficiency of
200 percent, considering electricity as the only chargeable input energy source.
The relative significance of the heating energy cost for a residential heat pump
may be seen by Fisure 3B. .Since the heat pump is a central system, no savings is

ssumed for diversified temperature control. UNote that the heat pump is )
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coapet! L8 of energy costn in avoun
cuse rations, the heat ;

where desired in ad

CONCLUSIONS

The isolatel ceneration analysis presented in this paper is but one of wmany
verformed ty the avthor on buildings vanging in size from uvnder 100,000 square
Teet to over 500,000 square feet.l Isolated zeneration has not proved to be the
present-Gday econonic choice in any of these studies. TFor isclated generation to
have been econonical would have required a higher than usual thermal load factor,
and either none or relatively low financial return required on the additionel
capital expenditure,. :

Electric resistance heating is not zenerally the economic choice of space
heating enerry source in areas with an adequate supply of fossil fuels. In spite
of the econO“’ 3, however, electric heating is srowing in use, seemingly because

: T ceneral desirability and at least acceptable costs.

o7 the conbi: ects o
Electrict “he econowic choice in many areas over fossil fuels for environ-
ment heating ﬂﬂ cooling through the use of & heat pump.

ra w
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T4BLE 1 - ISOLATED GENERATION EQUIPMENT COSTS

Turbine-generator set complete with
nounting arrangement, provection,
inlet air cooler (evaporative)
and controls. 254 K output.

Gas vooster, vaitbery charger, gas
compressor and storage tank for
starc-us

Boiler (differential cost)

Avsorption refriseration machine
(differential cost)

Floor space (300 square feet)

Installation

3 ta
Ingineering (7.5 percent)

TOTAL CCSTS FOR QUANTITY REQUIRED

Quantity Present DProduction
3 $ 179,500 $ 96,300

1 9,200 3,200

1 5,000 8,000

1 - 4,700 L, 700

1 6,000 6,000

1 25,000 25,000

% 232,700 % 149,200

17,400 11,200

$ 250,100

TABLE 2 - ANNUAL COWNING AND OPERATTNG COST
OF ISOLATED GEMERATION SYSTEM EXCLUDING FUEL

Iten

. 1
Capital Recovery
Taxes and Insurance

TOTAL FIXED COST
Turbine Main‘i:enancej

TOTAL ANNUAL COST EXCLUDTNG FUEL

1. 8ix percent return, Z0-year depreciation:

2. 2.5%

3. $.15 turbine hour - present cost
$.1/turbine nour - production cost

Present
Cost

'
&
»

0

[ev]
-3
A

21,300
6,200

28,000

1,500

& 29,800

% 160,400

Production

Cost

o

% 14,000
L4, 000

o

18,000

1,200

$ 19,200
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ENVIRONMENT i
EQUIPMENT [~ FOR HOURLY Fig. 1. _
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Results of isolated
-generation economic study.
Isolated generation is economical -

if decrease in fuel cost exceeds
increase in cwning and operating

coste
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Fig. 3. Ratio of gas heating cost to electric
heating cost for 26 U.S. cities. A - Resistance
heat. B - Heat pump heat. ’
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