














plotting the savings of equation (14) against
time. The point where the curve is the break-
even point, and energy produced after that point
will be essentially cost free. As can be seen
in Fig. 2, a longer operating period greatly in-
ereased total savings although the system may
operate at a loss for a number of years,

CONCLUSION

The optimum size and cost of a WECS is a
function of many variables. The effects of the
important variables on Fu are summarized in the
following table:
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The optimum situation is a construction
cost far below the maximum -F" in a geological
area with a higher Av and H,,. Lower financing
rates, as with goverrment bonds, and lower ex=-
pected inflation rates against higher fuel costs
and index are also encouraging to WECS construc-
tion.

The method is easily converted to other
natural energy forms by changing the input data
to K', This variable is the energy per area per
year that can practically be collected at the
site. The appropriate information on yearly
sunlight or water flow would be necessary to
convert K! for solar or hydro collection. The
remainder of the equations remain unchanged for
other energy forms.

EXAMPLES

gonsider a homecwner who desires to add
the cost of a wind turbine to a new home mort-
gage. The yearly energy requirement of the
home is 26,000 kwh (5). An average load of 3
kw is expected and the mortgage is to be for
20 years., 'The local average wind is 13 mph for
4200 hr per year (6). The load interest rate
is 8 percent, and the inflation rate and fuel
increase index are taken as the published fig-
ures of #.5 and 15 percent, respectively (4).
Maintenance is expected to be 3 percent of the
fixed cost (4). Current electricity cost is
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4.5 ¢/xwh (5).
First determine the area to be considered,
From equations (10) and (15):

K' = 0,4¢(5.3 x 106)» (1.15 + 13)3 {4200)

ke - 29,75 KW
i Frivr

Ay = '.“:“ = 425 ¥

Next, calculate A', B', and €' for n=20 years

A' =204 [ 0.08 = 2.04
BY = ;1,131%130-1 = 31.37

1 = w20
e g:.m -1 = 102.44

The maximum cost per area at 20 years is then
caleulated from equation (13):

.045) (29.75) (102.4

e

Fn < 46,00 ;‘,

This is a fairly high figure due primarily to
the long term of 20 years. However, a WECS
that will last 20 years will be more expensive
than one that will last only 10 years or less.
Many of smaller units available today (1977)
are advertised as having a lifetime of 10 years,
Even the best units are only 30 to 35 $/ft° in-
stalled, so this homeowmer can afford the best
unit up to his maximum area of 538 £t2. His
saving over 20 years from equation (1Y) is

.;: (29.75)+ (0.045)+ (102.44)=(27.5) * {2.04)-(0.023) ¢ {35.0)+ (31.37)

- 25,35 hz

For a total of 425 £t2, the total savings over
the 1life of the unit (20 years) is

25.35 x 425 = §10,775

This may seem like a large figure, but it must
be realized that one kwh will cost much more in
20 years. In this case, the cost per kwh in 20
years is $.65 1f the 15 percent increase 15 ac=-
curate. At that rate, $10,775 is not so large
when compared to the energy it actually repre-
sents, Over 20 years, the total energy produced
by the WECS is




The home would have used 26,000 x 20 or 520,000
kwh, so the WECS provides 49 percent of the
homes energy and saves money as well,

As a second example, consider a chemical
plant desiring wind energy to supplement elec=-
tric power in process heat generation. The
yearly energy requirement is 1 x 106 kwh with
a typical load of 100 kw, Local winds are 17
mph for 4900 hr per year, Maintenance is ex-
pected to be 4 percent of the fixed cost with
electricity currently costing 2.75 ¢/kwh. Use
the same economic information given in the previ-
ous example with n = 15 years,

K' = 0.4:(5.3 x 10~6)«(1.15 « 1703 (4900)

K' = 77.62
Feé-Tr

A, = _l_.Qg 4900 = 6312 pr?
A" = 15, g.%; " 1.75
B = ;1.115;*15-1 = 20.78
c' - ;1.1?115-; - 47.50

P, < 275)» (77.62) 0 (47.5
+

Py £139.25 ks

Large wind turbines are currently (1977)
being estimated between 35 and H0 dollars per
square foot (4). This example represents a
marginal installation that is caused by the
relatively low energy cost for an industrial
user, TNofte also that n is only 15 years,
causing a lower index to inecrease the present-
day fuel cost which is already low, Although
this installation may not produce direct energy
savings, the alternate energy source it provides
at no increase in cost per kwh may be reason
enough to build it if the future availability
of conventional electricity 1s a questionable
subJect.

As a last example consider a power plant
where it is desirable to use wind energy as an
electric power source for the utility grid.

The company uses Wo, 6 fuel oil in the steam
generators at a cost of 0.0169 $/kvh outpub
(5). The output of the plant is 3.5 x 107 kwh
per year with a typical lcad of 400 MW. Local
winds are 18 mph for 4500 hr per year, A lower
finance rate of 6 percent is available from
government sources, although Ip and are the
same as in the previous examples, A lifetime
of 15 years is necessary for govermment fi-
naneing, and the periodic maintenance is ex-
pected to be 5 percent due to the complex con-
trol systems such as grid feeding generators

require. Continuing as before,

X' = 0.4%(5.3 x 1076)e (1,15 + 18 % 14500)

K' = B4.62 KWH
-¥r

Ay = (400 x 103!-445001 = 21.3 million Pe?

This is a huge area, and the maximum would
probably not be utilized due to financial as
well as engineering problems of such a large
installation., The calculation of ¥, is:

A' = 20-0.06 = 1,74

B e pmuazﬂ-l = 31.37

' 20

c' - gl,asl -1 = 102.44

Py < (0.0169) gu.lg! [m:iu}
= % - N .

z
Pu - 48.91 §
Fel

An actual cost less than F, could probably
be realized, especially considering the large
area to be utilized. The 21 million square feet
given as the optimum is too large to be practi-
cal, although several million sguare feet could
be obtained in several large units.

Suppose that 3 mlllion square feet is to
be built at g40/ft?, This can be accomplished
by 15 units with rotor diameters of 250 ft,
less than the largest currently considered
feasible from a technical standpoint (i]. This
represents a fixed cost of 120 million dollars,
a realistic sum for such a project. The sav-
ings of the venbture can be calculated as before:

ss:rea = (84.62)°(0.0169) *(102,44)-40+(1.74)=
{.O4)*(40) *(31.37)

Sayings _ 35_57§.2
Area Ft

For the 3 million square feet, the total
savings is (3 x 10°) (26.67) = 80 million dol-
lars. This saving is above the cost of the
wind turbines and is in terms of present-day
dollars.

CLOSING

As can be seen in the examples, the
actual calculation of the optimum areas and
costs are easy when the information required
is available, The gathering of the input data



is the most diffieult part, although inereasing
use of wind and other natural energy resources
should provide more accurate data from which
better and more reliable estimates can be made.
For the present, the method should be used in
conjunction with good engineering and economic
Judgment to determine the best natural energy
conversion system for each specific installa-
tion.

APPENDIX

Values of K for various units (2):

Power Area Velocity K

e e mph 5.3 x 10:2
ew rt2 knots 8.1 x 10
hp £62 mph 7.1 x 107
watt 52 £ps 1.7 x mi
kw meter® meter/sec 6.4 x 10
kew meter® kilometer/sec 1.4 x 1072
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