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Abstract:

This investigation considered the suitability of wind energy in Montana for generation of electric
power delivered to residential electric loads. The major emphasis is directed toward small diversified
systems, primarily in rural areas, however large wind system evaluation is included. The four-step
approach included wind resource evaluation, estimation of energy production by wind energy
conversion systems, energy supply to residential electric loads and economic evaluation.

The evaluation of the wind resource, based on airport Weather Bureau records, provided the necessary
wind characteristic information and identified high wind areas in Montana. The characteristic
performance of wind machines, coupled with wind speed data, provided estimations of maximum
attainable energy production from the wind.

The results indicate that with the appropriate selection of wind energy conversion equipment and area
of the state, it is possible to meet most residential electric requirements. Wind energy costs are
generally higher than present utility electric rates, however lower costs are possible in some cases and
indications are that in the future the comparative position of wind power may improve.
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ABSTRACT

(/ This investigation considered the suitability of wind energy in
Montana for generation of electric power delivered to residential
e]ectr1c loads. The major emphasis is directed toward small diversified
systems, primarily in rural areas, however large wind system evaluation
is included. The four-step approach included wind resource evaluation,
estimation of energy production by wind energy conversion systems,
energy-supply to residential electric lToads and economic evaluation.

The evaluation of the wind resource, based on airport Weather Bureau .
records, provided the necessary wind characteristic information and '
identified high wind areas in Montana. The characteristic performance
of wind machines, coupled with wind speed data, provided estimations .
of maximum attainable energy production from the wind.

The results indicate that with the appropriate selection of wind
energy conversion equipment and area of the state, it.is possible to
meet most residential electric requirements. Wind energy costs are
generally higher than- present utility electric rates, however lower
costs are possible in some cases and indications are that.in the future
the comparat1ve position of wind power may 1mprove




SECTION 1

INTRODUCT ION
Today's Western industrialized society uses fossil fue]'énergx |
resources at such a rate they are not renewable within any reasonable
time span of hUmén history. An increasing rate of .use of thi; "enéfgy

bank account" is rapidly bringing the Western world infb'a crisis

situation. In Energy for Survival, gg_Alternative.;g.Extinétion, Wilson
Clark (1) statés that "The current struggle to.de9e1ope safe, clean and
dependable sources of energy constitufes the most crucial battle for
survival man has yet fought. Without so]utidns to today's energy
shortages . . . . there will be Tittle chance of preserv1ng the legacy
of th1s civilization for future generat1ons " (1)

An apprecigtion of the impending energy crisis requires the
recognition of two aspects of a finite earth: -first, f6§sii fuel
reserves are finite and will be exhausted in the forseeable future,
g1ven present growth rates, second, the natural ecological systems of
the earth can only sustain 11m1ted ]eve]s of env1ronmenta] degradat1on
due to industrialized c1v111zat1on. The tremendous increase in the’
scale of use of fossil fuels in the lagt'generation has made the effeéts.'
of strip mined land, which is taken out of agricu1tura1 production,
and the resulting air and'thermal pollution at p]ahf sites;more visable
and more objecfionab]e. Sekioﬁs questions should be asked regarding fhe'

wisdom of using nuclear fission for energy-production since the
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resulting lethal waste products, foreign to the earth's natural

w v Ao oo ,

env1ronment w111 rema1n for thousands of years and present a prob1em

with which future generat1ons must dea1 Cons1derat1on of these facts

has ‘convinced many 1nvest1gators that soTar energy in 1ts var1ous forms -

represents the most (perhaps only) reasonab]e a1ternat1ve for future s

' energy use in Western soc1ety

T s e ¢ et o

Wind energy s a form of solar. energy 1n that the sun's rad1ant

heating of the earth s surface is thought to be the primary cause of

the wind on a global scale, as estimated by Putnam (3,4) and revised:

\%£§;ﬂ/convect1ve heat exchange in the atmosphere (2) The usable power in’

by Hewson (2), is ten million MW, about twenty times the‘potential'fOr‘
water power -

Wind energy 1s fundamenta11y d1fferent thanwfoss11 fuer and

T —— e e

nuclear fission in severa1 respects. Wind Energy Convers1on Systems

,“,,,‘_x_

(WECS) re]ease no s1gn1f1cant energy 1n the form of heat into_ the

R TN

environment which is not a]ready there and_are.notably free. of. other

-~

po11utants - SoTar and w1nd energy are renewab1e within_the time .span of

human h1story, thereby present1ng the poss1b111ty for society to ex1st

- et s s

Wwithin the no- growth econom1cs requ1red by the_ f1n1te earth (5 )

T TN

The wind has been used by man as a power source for severa1

thousand years TIn the Un1ted States, ‘small w1nd mach1nes for pump1ng :

J e

) e

water and generat1ng e1ectr1c1ty were, common unt11 the m1d twent1eth

i o ST
gt

century These wind machines were character1zed by h1gh f1rst costs

IR ORI SV, Y el
o e P I et cemen e T B

s -

/',/




- 3-

and d1scont1nuous energy supp]y due to the var1ab]e w1nd When the

e T

o a second cho1ce As a d1rect resu]t of the REA the market for w1nd'

P
gt 2

electric generators was virtually e11m1nated in the Un1ted States by'

the mid 1950's.

T The position of sma]] w1nd electric power generation has 1mproved .

— et 1= AT Saop e g RE

in the quarter century s1nce 1950 due to techn1ca1, economic and

soc1a1 deve]opments " fechnical deve]opments in e]ectron1cs ‘have .

L Rt e o Loty T,

v1rtua11y e11m1nated the need for mass1ve and expens1ve storage systems .
by allowing 1nd4~4dua4»wwndmgenerators“to'“ ‘share ex1st1ng electric
power netwonks@mmElectrﬁcmutility rates have begun to increase rap1d1y‘d
due to fossiT—fueiwshortages~and-strtcter'environmental constraints.
Thus, although wind system first costs rema1n h1gh the econom1c

2?’ comparison with utility costs has improved. F1na11y, an increasing

social awareness of the impact of high energy societyaon.Montana (6)
e M‘WMW-‘N ’

_—-«"’"'m/ . :
has convinced many people that environmentally ciean energy options

.may be desirable even at a cost d1sadvantage

T e

Many large scale wind power-projects. were undertaken.in Denmark;'

g is RN
i SV

France, Russia, England, Germany and the Un1ted States between the
turn of the centry and World War. IL, (7..4,. &,mQ) e MOSE 0 F these

prOJects were cons1dered technically..Successful.but.were phased out

el

'figj;jfbecause they were not cost effect1ve compared to read11y ava11ab1e

TS T
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fossil fuels. Large scale WECS are again being considered in the mid
1970's due to recognition of impending fossil fuel shortages.

The probiem of utilizing wind as an energy resource can be

outlined as follows:

Assessment Analysis Identification
of the e of of
Wind WECS o ENGHIRERE Energy
Resource Requirements

The method of approaching the problem is indicated above, where
identification of the energy resource and requirements leads to
development of conversion methods or systems.

A primary consideration in renewable energy utilization should
be the energy requirements of society, the right hand block of the
diagram above. Several generations with cheap, readily available
energy on demand have conditioned this society to gluttonous levels of
energy consumption and material waste. The effect of reducing energy
requirements through strong conservation measures can be achieved on a
short term basis with less energy expenditure than exploitation of any
energy resource. The immediate importance of materials and energy
conservation are pointed out by Clark (1) --presently available material
and fossil fuel resources are necessary to develop renewable energy

conversion systems capable of sustaining society in the future.
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The scope of renewable energy utilization in this thesis is
limited to wind energy as a resource in Montana, used to deliver
residential electric requirements with diversified small wind powered
electric generating systems. The procedure consisted of four major

steps, as follows:

Analysis Estimation Matching of Economics
of of Residential of
Wind Wind-Electricl___,] Loads with Wind-Electric
Speed Energy Available Energy
Records Production Wind Energy Utilization

Detailed meteorological wind speed records from ten Montana airport
weather stations were analyzed to determine wind speed characteristics.
Then, the maximum electric energy production of various wind-electric
machines, up to 1.25 MW in size, was estimated. Wind system perfdrmance
was analyzed in terms of electric energy delivered to residential
requirements, for systems both with and without a utility power network.
Finally, wind energy costs were estimated for various options of

residential energy use, storage methods and equipment 1life.




" SECTION II
MONTANA'S WIND ENERGY RESOURCE -

Energy in the Wind

The amount of energy in the wind can be determined by constderiné'
- that the kinetic energy of a mass of air is related to - the equahe'of 2
" the scaler wind speed by | ‘

K.E. = % muy? S - (1)

where K.E. is kinetic energy, m is.the_mass*of air‘ahd v'ie the‘seéler_;
speed. |
The power in the wind.is the time rate,that.kihetic‘enekgy is
passed through a given cross sectional area, ‘
Po=x iv? = 5 (A = o A (2)
where P is the power in hatts, A is the area in square metres, m is the
mass flow rate of air in ki]ograﬁs per Seeond? p is the.air.density'in'
‘kilograms per cubic metre and v is the sca]eh speed in metres per second. -
The power density,'defined as the:power'pervunit eree‘in the wind, ‘
ts written - | | |
b = PA = 3 oV ()

3

Since the power density depends on the cube of the wi dwﬂp d nd

47 T
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only the_first power of air dens1ty, the scaler w1nd spggggjs the

T

AR
M .




Wind Speed Measurement -

.//’ A primary consideration in any form of power generation is to
assess the avai]ab1e energy resource and fhe net energy production
from a. given power plant. In the case of fessi1 fuels and~nuc]ear'oh
hydro power preduction, it is possible to predict power'pjant per-:
formahce-and ﬁet energy yield feir]y accurately because the'eﬁergy“
source can be controlled. The situatibh'is moreldifficu1t in the cese
of wind power generation beeause.tﬁe wind speed, and therefore the
power input to the machine,_is continually f]uctuatihg."Despite‘this

difficulty, reliable methods of wind speed measurement and estimations’

ally, annual energy produetion is greatly influenced by the preciée

7 location of the wind plant in a giyen area.

Measurements of wind behavior can be classified according to the
purposes for which they are intendee.- Golding (12)‘but1ihes_tﬁree'
purposes for wind power studies: |

1. To enable special stud1es to be made regard1ng the des1gn

| and performance of wind power plants, |

2. To furn1sh 1nformat1on on wind’ character1st1cs at the s1te,

3. To provide data from which: the est1mated energy product1on of

: a wind p]ant of known character1st1cs, 1ocated at the

measuring site, can be predicted..

-_ of net energy production have been developed. (10, 11, 12, 13). Addition- ;'
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These ‘three classes ccrrespond to various. time scales of wind
speed measurement as 1) short-period measurements, 2) mediumiperiod
neasurements and 3) long-period measurements. - |

" Short period wind speed measurements of several minutes to
fractions of a second are necessary to'determine the effect of gusts
on performance of wind power plants and to ana]yze strésses in the
blades and structure of the mach1ne Medlum period measurements of
severa]-m1nutes to-an hour are necessary to determine changes in wind |
.direction and the variation ot speed with height.above ground.

Long period measurements in the form of hourly mean speeds
provide the most useful information for the purpose of estimating the
total energy production of a wind plant at a selected location (12 10,
11). For this calculation, it is essential that the frequency of
occurrence of each speed be known. Add1t1ona11y; the usefulness: of
these data can be Tisted as follows:

1. As a_basis for indicating areas of hfghest wind speeds;

2. As an indication of the prevailing wind directions;

3. As a measure of the annual (year to year) variation in mean

wind speed; '

4. As an indication of the seasonal (month to month) variation'

f,in mean wind speed; |

5. As a measure of the diurnal (hour to hour) variations in

mean wind speed;
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6. As aguide to the maximum wind gusts and to the duration

of calm spells, which may occur at a site.

The usefulness of hourly mean speeds iﬁ estimating the enefgy
pkoduction of a windfpower plant results from a trade-off of two factors.
Here, the energy pattefn factor (EPF) is introduced as the ratio of the’
actual energy in a fluctuating wind to'tHe energy- calculated from the

cube of the mean wind speed,

J . v3 df

EPF = 0 ' (4)
T (—%—'éT v at)3

where v is the wind speed and T is the length of time interval. Since
‘eneréy pattern factors are greater than unity, it wdu]d apoear that
enérgy estimates based on hourly mean speeds. would .be Tow. This may
be the case, however the EPF based on one-hour time.periods does not
vary greatly from unity (12, 7, 4) and this Tow estimate is countered |
by the fact that wind machines are restricted in their response fo
short-term gusts due to inertia of rotating parts. Wind plant energy |

estimates based on hourly mean speeds have been shown to be quite

accurate by Golding (12, 7), Hutter (14), Tagg (10,11) and others.
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' Meterological Wind Speed Records for Montana

Available wind speed data for Montana were of the long term type,
discussed above, measured at airport weather stations for meteorological

purposes. Measurements were taken with-direct reading “mégnéto“ftype

. anemometers (15). . Recorded data consists of one-minute.ayeréges taken

Hour]y or once every three hours. This data is sUitaB]e for indicéting
areas of high wind energy potential, identifying annual, seasonal and
diurna1.w1nd characteristics and estimating wind plant energy pro-
duction at thé measurement site. |

Compared to this mefeoro1ogica1 information, a wind pdwer survey
would compute hotrly wind speed averages based on continuous measurements.

The correlation between the availabie hourly or three-hourly sample

~readings and continuous measurements averagéd hourly is unknown. A

wind power survey would seek Tocations with high wind'sbeeds; whereas

criteria for siting”airports usually avoid high wind areas. In addition,-

‘weather station anemometers have no standard height and are often

located on or near bui1dings. For these reasons, long term aVérage‘
wind speeds indicated in this thesis may be Tower than‘average speeds at
ﬁany potential wind-generator sites. |
Wind speed data for the thirteen Montana Tocations 1ﬁstea in
Tab]e.l were derived from three sources. Original Weathér Bureau
records (16) for Federal Aviation Agency (FAA). airperts at.Livingston

and Belgrade were used. These records include additional.readings
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taken during adverse conditions(15). Summarized monfh1y'mean wind speeds
were obtained from Environmental Data Service (EDS) publications (17) for
Cut Bank, Lewistown and Dillon. Three-hourly data were obtained for
the remaining eight Tocations of Table 1 from additional EDS pub-
1fcatiohs (18). A1l these data are compf]ed by the National Oéeanic
and Atmospheric Administration (NOAA) in Ashland, North Carolina (15):

The geographical locations.of the sites‘étudied are shown in
Figure 1 with their reépeqtive e]evafions in metres and feet abéve
1sea levél. The shaded mountain areas include Kalispe]T, MjssouTa;
Helena, Bozeman and Dillon. Cut Bank, Great Falls -and Liviﬁgstoh lie

along the eastern slopes .of the Rocky Mountains. The eastern plains

area includes Havre, Lewistown, B1111ngs,A61asgow'and Miles City.

Effect of Air Density on Power Estimates

Since the power density depends directly upon the air den;ity,
it was necessary to assess the magnitude.of variation in air density.
The equation of sﬁate of a perfect gas is |
o = PRT (5)
where p is the air density, P is the atmospheric pressﬂre, R i a_
gas constant and T is the absolute aik-tempefature.' ‘
~The pke55ure P is relatively constant at a given elevation having
only small fluctuations due to local temperature and weather conditions.

Atmospheric pressure as a function of e]evation was obtained'from the
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U. S. Standard Atmosphere (19). Tab1e 2 lists annual mean temperature,
air density and elevation for each site studied.

At a given Tocation, the air-density is inversely related to the -
absolute tempekature (Equation 5). Thus, the seasonal vakietion in eir
density, based upon monthly mean temperatures; was found to vary by
about 10 percent during the year for each location. This is the same
magnitude of variation found by Putnam (4) fn Vermont..

A random distribution of ai}.density'variatien will have no net
effect on the annual meen power density.  However, if the higﬁest air
densities'are in=phase with the higﬁest wind speeds, a net chenge in
annual mean power density will result. For example, the highest wind
speedsieccur during the winter in Livingston; .To-determfne the mag-
nitude of this change, the annual power density was computed by two
methode for Livingston. First, the averaged value was determined using
the annual average air density. Second, the seasonal value was computed
" using ﬁonth]y mean speeds and air densities. ‘The.seasonal value was
1.4 percent higher than the averaged value. Since Livingston has the
most extreme conditions of high winds during the cold winter season,
the 1.4 percent vaiue represents fhe highest error attributable to -
seasonal air dehsity variation. This is generally a small error
compared'with the twenty to thirty percent variations in anﬁual power
density observed at many locations. A simi]ar'eomparison.based On.

daily averages would be expected to show even smaller errors, since
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diurnal variations of wind speed and temperature are generally in phéseJ

Wind Speed and Power Analysis

It has been pointed out that the wind speed data for Montana was _

suitable for the fo]lowihg fopics, which are presented in this section:

1.
2.

As a basis for indicating high wind speed areas;

As a ‘means of estimating net energy production for wind -
plants of known'chafacteristics;

As a measure of the time variation of ava1]ab]e W1nds on -

an annua], seasonal and d1urna1 bas1s,

. . As a gquide to maximum gusts and to thé duration of’ Tow

~ wind periods, which occur at each site.

The thirteen Tocations studied.are ]1$ted in descending order’ of

annual- mean wind speed in Table 3 along with the time interjal between

wind speed measurements. The following generalizations can be made

from annual mean speed information:

1.

2.

Mountain regions of Montara tend to have re1ative]y'1ow

' mean wind speeds, in the range of 3 to 3.5 m/s (6 to 8 mph)

" These sites iné]Ude‘Di]]on, Helena, Kalispell, M1ssou1a

and Bozeman.
The eastern plains area of fhe(state has an annual mean
speed of approximately 4.8 m/s (10.8 mph) and shows a small

variation over a wide geographical area. This area includes
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Bi]]ings,'G1asgow; Mites City, Havre and Lewistown.
é:> The eastern slopes of the Rocky Mountains'show the most
extreme wind conditionsfwith'anndaT'mean speeos as. high o
as 6.3 m/s (14.1 mph) ' Th1s area 1nc1udes L1v1ngston, ”_la
' Cut Bank and Great Falls. R
The eastern s1opes of the Rocky Mounta1ns show s1m11ar11y h1gh annua1
' mean wind speeds a]ong the entire range from Montana to Texas (20)-
The cub1c dependance of power dens1ty on wind speed makes the N
;W1nd speed and the frequency d1str1but1on of the speed prime factors
in power plant energy est1mates. -Tab]e‘4 Tists the percent of time in |
speed ranges byvlocation. The percent-time-in-the“range 3.4'to-iol5 m/sp “
(5l2 to 17.4 mph) is of particular interest in thjs anaTysis since o .
this is the operating speed range of most sma]]'wind’eTectric
generators A]1 the eastern slope and eastern plains areas have w1nd
-speeds in th1s range more than 50 percent of the t1me Locat1ons w1th :
w1nds over 10 6 m/s (18 mph) a h1gh percent of the t1me such ‘as |
. L1v1ngston and Great Falls, may present structura] and overspeed d1ff-
,1cu1t1es for wind generators. A tabu]at1on of the percent of,t}me at
| speeg in one-knot (0'51 m/s) speed catagories'mh1Ch was USed {n a-
. computer program to estimate energy output of w1nd p]ants s 1nc1uded
in Append1x A for ten locations.
. The‘frequency d1str1but1on:ot wind,speeos are essentia] for :

:estimates of net energy production by wind pOWenrplantsuy;Such dise.:-.
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tributions afe shown in Figure 2 fer three Tocations with varying annual
mean wind speeds. These distributidns are the percent of time the wind
blows at the indicated speed in dne-knof (O.Si m/s) speed catégories.
The mean wind epeed is always greatef~than the median, or most frequent
epeed; since the distribution is not normal. The trend is for 1ow
mean speed areas, such as Missoula, to have winds.a high percentage
of the time at low wind speeds and for high mean speed areas, such as
Great Falls, to have winds a low percentage of the time at Higher wind
speeds. u |
. The relationship betweenlthe most freduent wind speed and the

- annual meah wind speed is shown in Figu}e 3 for-tedllocations 1n
" Montana. . The results of siting analyses in Great Britain by Go]d1ng (7)'.
and in New England by Putnam (4) are also presented. |

The distribution of power with wind speed is shown in Figure 4
. for the same three locations. The power density in watts per square
.metre (W/mz) is indicated for each one-knot (0. 51 m/s) speed catégohy
Th1s distribution po1nts out that the wind speed range of greatest power-
dens1ty is h1gher than the range of most frequent wind speed For
examp]e, at Great Falls the most frequent w1nd spéeds are between 2 6
and 5.1 m/s (5 8 and 11.5 mph), whereas the greatest power dene1ty
occurs between 7.7 and 12.9 m/s (17.3 and 28.8 mph)i .

Wihd power plant energy estimations using frequency distributioQS':

of wind speeds are discussed in Section III.




- 16 -
A tahuiation of the annuat mean wind speeds, most frequent wind -
speeds and maximum uind speeds for ten 1ccations'is:presented-in‘
Table 5. The maximum speeds recorded tqr'seven'locations are maXimum~.
© one-minute gusts recorded in a thirty year-perﬁod For Bozemanfand;
‘ L1v1ngston the maximum speed 1s the highest- 1nstantaneous gust recorded
_1n a four year period. ' ' . ‘ N '
- A]so presented in Tabhe 5.are the rat1os of the max1mum w1nd
speed to the average speed. This ratio is Qf maJor‘consequence-tq the
structural 1ntegritylof a wind power svStem sfnce the'drag cn-a:structure ’
is proportional to the square of the speed. In the case of Heréha,-f'
" where the max imum speed to average speed-ratio 15.11;8, a strUctures'.l
- must be more than 100 times stronger than required for the average
speed.. " Mathematical methods of est1mat1ng max1mum gusts are d1scussed
f1n the 11terature (7 13). ' | a
Another method of d1sp1ay1ng the frequency of occurrence of each
wind speed at a location is the speed durat1on ‘curve, such as F1gure 5
for L1v1ngston The speed durat1on curve is a p]ot of the percent of
t1me for, which the speed is greater than or equa] to a part1cu1ar va]ue 3
as a- funct1on of the range of wind speeds. The annua1 mean speed |
.duration, a]ong W1th the speed duration of . the average w1nd1est and the . |
average calmestnnonths, are presented for each of'ten“[ocattonsf1n.f'
" Montana 1in Figures-S-thrdugh 14. | ’ |

The advantage of the speed duration method of presentatfonvishthati:’
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the annua]imean power density in the wind at a given location is
pfoportional to the wind speed cubed (on the absissa). Such a power
duration curve is shown in Figure 15 for Livingston ‘ The 1n£egra1'-
of this durat1on function over time (i.e. the area under the power
duration curve) is a measure of the annual mean power density 1n/w/m 3
for each 1ocat10n. For this analysis, the mean power dens1ty, Ds

was cbmputed by

AN T S ®

ot
[}

it ™M=
Ny
©
<

.i

where ( %t 5 is the fraction of time the wind blows at spéed Vi
i is the index from 1 to N where vNis a high enough wind speed to
1nc1ﬁde all the data. Equation 6 represents a étepwise 1ntégrqt10n-of
a ‘power distribution curve, such as in ngure 4, |

As with the speed duration curves, the annual mean power duration
ahd the average months of highest and ]owegt power duration.are presented '
for each of ten Tocations in Montana in Figures .15 through 24. The
total annual energy derisity in kilowatt-hours per square metre'(kwh/mz)'
is the produéfjof the number of hours‘per year (225.and the annual mean
'power density p. Power and energy density values, éompuféd by Equation 6,
are presented in Tab]é 6. These values emphasize the véfy large
difference in thé wind energy resource at hjéh'wind (eastern s10pe).
areas compared té Tow wind (mountain) areas.

It 1is important‘fo establish’ the reliability of the wind enérgy
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resource in order to. predict wind plant performance; . Golding (7) and

other researchers (4, 12, 8) have found that the variation in annual.

mean wind speed is- less than:twenty percent fromTyear_to'year'at;a ‘ ”

'Asingle location.

The annua] mean speeds for th1rteen Montana 1ocat1ons are compared
with Env1ronmenta1 Data Serv1ce (18) (EDS) mean wind speeds for the

per1od-1941 to 1970 in Table 7. -The percentage var1at1ons frrom year -

'to year were computed by -

B R 1 e N )

where Vi is the annual mean wind speed for the it year'based‘on.the"f

.. available data and Vi is the EDS thirty year mean. For five Tocations

not having EDS mearns, the.percentage~tariatton-Was based on-the stody
period mean speed, .i.e. 01 of Equation 7 is rep1aced'w1th'Vsp, the -study

period mean. A1l variations are less.than7twenty percent and more ‘than

| ninety percent of the cases cons1dered had var1at1ons under ten percent ,

These results correspond to the f1nd1ngs of Go1d1ng (7) 1n‘Great Br1ta1n'

, . and Thomas (8) in other parts of the Un1ted States

The right hand co]umn of Table -7 compares the 1ong term EDS mean .]3.3‘

speeds w1th the study per1od means as

- . ‘ '_ v Ve oo CT e T
. AZ %. = 100 X . Sp 1 . » ' ' (8).
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The pehcentage_deviations suggest the.present'anaIysis may. be over-
estimating long term energy potential, in térms of airportfdata,:fen"‘
Miles City, Havre and Missoula while signifieantiy.underegtimating tt'::
-,toh Great Falls.. ‘ o
'Seasona].and-da11y variations in wind speed and power- density are
important to theuwind power user.'dThe seasonal variatidn,inimean wind
epeed;has_beenacomputed dh a monthly hasis for eaeh average month and
| is -shown in Figure 25 for LﬁVingstdn. :The percentage.variation by
month from the annual mean power density B,Ais also shewn'in the same
Fidure TheSe'variations are based on twelve equa] 1en§th»months‘bf_'"
| 730 % hours, 'S0 there is no var1at1on due to short or 1ong months.'
“Seasona1 var1at1ons for the other 1ocat1ons are, shown in F1gures 25
through 37 - | e
The seasonal variation of wind speed. and power dens1ty for L1v1ng-
ston and Great Falls (Figures 25 and 27) show that most:of the energy’
in the wind is available dur1ng the‘co1dest months of the year, sug- |
‘gesting the poésibi]ity of nsing excess wind_generated'powen foh spaee -
' heating'or water heating. | |
| Diurnal:vaniations in - the wind show that wind épeed§ genera{1y
‘peak in the afternoon and drop of f s1gn1f1cant1y dur1ng the n1ght
' Annua] mean d1urna1 variations of w1nd speed and power dens1ty)are
| presented in F1gures 38 to.45. A]though annual average. d1urna1

-var1at1ons d1sp1ay genera] trends, s1gn1f1cant seasona] trends ex1st -
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as shown in the tabufated monthly values for eight Tocations intTab]es‘
~ 8 through 23. | |

ﬁind power systemé usua]iy include some’ form of storage méthod
which has a 1imited energy storage capacity. Thus wind powef users
are interested in the probab111ty of -occurrence of -a given t1me period
with no energy from a wind plant. 'Such probability functions are
available for wind'speeds below 3.3 m/s (7 mph) and below 8.7 m/s
(20 mph) ; which-éorrespond'to the cut-in~speéd and rated speed of many
sma]]iwind-eTecfric generators.. These functions are dispTayed'for ten -
Tocatiors in Figures 46 to 55. Probability of occurrence ahdwlehgth_qf‘
time data han been curve fitted by thezmefhod of least squares‘to an

exponential- equation: of the form.

(o)
. -where F is thé probability 6f occyrrehcévof the'time span T in thrs;
with Tow energy Winds; a:is-a coefficient and b ¥s gn'expohént. - The _
constants é and b are tabu]ated for tén 1ocatfons in Tab1e'24 | Thesé
equat1ons may be in erroy by a factor of three or more for 1nd1v1dua1
.p01nts but are 1nc1uded to 1dent1fy genera1 trends The range of
- ‘va11d1ty of each equat1on is a]so listed in Table 24. : ) ". “- 2 _
Some of the preceed1ng 1nformat1on is available for each of .
thirteen locations in Montana. -T;b]e 25 1is provided as;a quick

reference displaying the Figures and -Tables: available by{1otatibn._ .
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The concept .of the energy pattern factor (EPF), introduced in
Equation 4, shows that power estimates based on Tong teirm mean wind
speeds can be high]y inaccurate. Eneroy pattern factors based on
monthly means for several Montana locations are compared in Figure 56
with the 1imits of Golding's data for Great Britain (7). Month]y
\EPF S decrease with the monthly mean wind speed and display a wide

range of scatter

Effect of Height Above Ground on Power Density

‘There is a wealth of literature on the subject of wind speed -
variation with height. For unobstructed,:FJat open country, the most

common formulation is the general form

v { : ] ' - (10)
0 0 ’ ; :

where v is the wind speed at height'h, vo_is wind speed at a reference-

height h and n is an exponent

Golding (7) warns that formu]as Tike Equat1on 10 app1y to average
‘speeds on]y and are not valid on a short term basis. Furthermore the
exponent n can vary w1th the he1ght time. of day and season of the year,
_ground surface type, mean wind speed and temperature gradient. Mark S

Handbook (23) 11sts the exponent n as a function of speed as fo]]ows

n 1/2 for 0 to 2.2 m/s (0 to 5 mph) w1nds,

n=1/5 for 2.2 to 15.6 m/s (5 to 35 mph)-w1nds;,and
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1/7 forxwinds greater than 15.6 m/s (35 mph).. |
| S1nce the power dens1ty is re]ated to the wind speed cubed by ,..
Equat1on 3, a substitution yields the fo]]ow1ng power ‘dependence on‘
" height:
3’

-Po [' ho_ J L f K ‘?7

where.p is the power density at the reference height'h ' Based on

'Equat1on 11 the percentage increase.in power .density ‘with he1ght 1s -
Tisted 1n Tab]e 26 using .a reference he1ghtof10 ‘metres (32 8-ft)" and '
= 1/5u Equat1on 11 is also p1otted in-Figure 57 wh1ch shows the o
rate ot increase of power (i.e. the s]ope) decreases w1th 1ncreas1ng
tower height S1nce tower costs 1ncrease w1th height, F1gure 57
. 1nd1cates the ex1stence of an econom1ca11y opt1mum tower s1ze
It must be emphasized that Equation- 11 is based on a restrrcted
set‘of cdnditions:and in genera]g'shou]d be used onfy'as a.guide in
| estimating vardations in power'outpnt'from.a reference height; Actua]_‘
'on 1ocat1on wind speed measurements w111 prov1de the most re11ab1e |

1nformat1on

Site Seiection

Long.term average wind speedsican'vary great1y with Tocation'a
The dependence of w1nd speed on he1ght has been discussed- above

' ‘Putnam.(4) and Go]d1ng (7) showed that w1th careful site se1ect1on, 1t-y.
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was possibie to find locations having annual means more than 50 percent

higher than that of the surrounding area. Such increases in mean speed

. could resu]f in increases 1n'energy production of 50;to:250 percént (7)

dépending on wind plant characteristics. | |
thtinuouslon—site wind sbeed méasuréménts’1ead1ng to é'fkeqUency A

distribution function are often éxpensive and difficult- to obtéin,

For reasons discussed fn Section III, the annual mean wind speed can

'Bé u;efﬁ] in estimating net energy p}oduction o% Qihd_machiheé. Annual

mean speéds could be compafed'with wind records at a neéfby airport

for the same time period. With suitable correction factors, the

sﬁmmarized'airport data in this analysis could be rendered more

appropriate to the new 1ocatioﬁw Putnam (4) discusses fhe mjnfmum

tihe peripd required to éstab]ish wind speed correlations between two

Tocations within certain error 1imits. .
Historically, wind power for'residentfé1'u$e in the United.Stafes

‘has béeh'Timited to rural areas. The same thend.is'eXpected in thel

future because cities and towns usué]iyfhave Tow winds, buiiding_code

restrictions on tall structures and visual and Safety objections.

Basic guidelinés to site selection in rural areas are to-make wind . °

speed measurements and to install wind machines above nearby obstructions’

=3
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(trees or bui1dings)'yet near enough to the load center to minimize
transmission Toéses and costs. Optimum site selection is disqusseﬁ

in the 11terature by Duchon (24) and Vukbvﬁch-and b]aytdn-(ZS),




SECTION III

- WIND-ELECTRIC GENERATORS

Types of Wind-Electric Generators

" A wind-electric generator 15 a devfce which conVerts the kinétigh
energy of the wind to electrical energy. The myriads of different
shapes and fdrms these devices have taken bears witness to the variety
of human ingenuity.y Informatjon on wind system design is Qél] doc- |

umented in the literature (2,4,7,9,14,26,27,28) and will not be

| considered'here in detail. '

| There are two primary classifications of wind éenerators, the
horizontal axis and the vertical axis types. The largest wind system
ever built was the.horizbnta1 axis Smith-Putnam Wind Turbine (4) which
“supplied a.c. power ‘to fhe-lineé of the Central Vermont Public'Service
Cdrporatjon between 1941 and 1945. This system stood "33 m (107 ft)
at the hub, had two blades with a-3.5 m (11 ft) chord and 53 m (175 ft)
diameter; énd produced 1.25 M{ in a 13.4 m/s (30 mph) wind. Most
currently available wind-electric géneratofs for home use are of fhe
horizontal axis design and range in siie from 0.1 to 10 kW 1nsta11eq;.
'capacity; ‘ | | ;

'Vertica1 axis wind b]ants emp]oy.a~varie£y of‘rotbks; The pr{mary

-advantagé of this design is its ndn—directﬁona]ity, thué-eliminatiné
thé need to orient into the wind. .Sohe vertical axis generators are

.called hybrid systéhs because they emp]oy‘airfoils éimi1ér to thoée: B
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used on horizontal axis turbines.

A concept unlike those discussed above, is the tracked vehicle

“airfoil system (29,. 26). The system uses vehicles Tike railroad flatbed

cars with vertical airfoils and is driven around.an elongated ové]
traék. 'Power could be taken from ]inear,inducfion generators under the
track or From'generators on the turning axels. This design requires

a location with strongly directional winds and is better suited for

large scale power géneration (>1 MW).

‘Wind Turbine Augmentation

Cbmparéd with water éndrsteam, the wind has a relatively Tow -
energy density. - PUtnam'(4) ah& others (24,25) sought geographic -
]ocatiohs which would speed. up the local wind ;tréam, thereby increasing
the energy density. Hewson (2) suggésted terrain-modjffcation to
achieve.the same’ results. Addifﬁona]fy, augmgntation of conventional'
wind furbines has been c8nsidered to increase wind energy .density..
| Oman and Foreman (30) have analyzed a conventional wind turbine
at the entrance to.a diffuser. This “diffuser-augmented” wind turbine
can theoretica]]& produce twice the power of the same sized .turbine jn

a free stream of air. However, such a system can not exceed the

performance of a wind turbine whose swept area is equal to thelexft

‘area of.the diffuser.




BPE
Sforza (31),recent1y'1ntroducedra "vortex‘augmentor" which employs
a triangular delta wing airfoil in conjunction with a horizontal axis

wind turbine. This augmentor produces a vortex w1th a vector ve]oc1ty

‘greater than the horizontal a1r speed, thereby incredsing “the power

dens1ty of a port1on of the air flow around the air fo11 . This

augmentor can theoret1ca11y produce up to eight times the power of the

Tone wind turbine.. Sforza reports a factor of four to f1ve‘1nchease

in power output compared to the non- augmented turbine..
Augmented w1nd turb1nes offer the- -advantages of operation in lower .
and higher wind speeds,. more control over wind turbine speed'and,

decreased éiie.of rotational parts.'-A]thqugh'they'simplify wind.plant

"contro1- the'augmenting devices muSt themselves be cbntho]]ed Augmented .

w1nd systems w11] very likely find spec1a11zed app11cat1ons but the

'econom1c trade-off between 1ncreased power dens1ty and 1ncreased mater1a1

‘ 1nvestment has not been determined.

.‘Performance Character1st1cs and L1m1tat10ns

For a hor1zonta] axis wind turb1ne in.a constant ve1oc1ty free
stream of air, . it can be shown that the max1mum fract1on of w1nd energy

which can be converted to mechan1ca] energy at the hub is 16/27 or

59, 3 percent (32 23 33). Th1s theory app]1es the: pr1nc1pa1s of '
: conservat1on of momentum, mass and energy but does not. 1nc]ude boundary -

layer effects.~ G. Kh. Sab1n1n-(34) obta1ned.a.f1gure 9fﬁ68.7-percenty o
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as an upper 1imit on performance by including vortex effects in the
flow around the disk area, which effectively increases the area.of
momentum exchange. The 59.3 percenf figure is most commonly used in
this country. ~Some wind plant designs hdve achieved peak oVera11
efficiencies~--the ratio of e1ectr1c.power output‘to.the tota1 kinetic
energy.ih the wind--of 50 percent. ' .

An 1mp6rtaﬁt parameter in wind plant design is the blade speed to
wind speed ratio, which varies along the length of the blade. 'Mahy
modern wjnd machinés use blades with airfoil cr&ss sections. fhe blades
are twisted to maximize the 1ift to drég ratio over their entire Tength.
The rqtio of the tip speed to wind §peed is used as a parameter for o
comﬁaring efficiencies. In Figure 58:the Efficiéncies, as given by
,Mark's Handbook (23) and Park (35), for several major design types are
compared over a range of ﬁip speéd rafios. Mark's Handbook .(23) indicates
én optimum tip speed ratio for two-blade horizontal akis designs, )
however'these efficiencies are appafently based on power atlthe rotor
rather than electric power de]iveréd, sinée,tﬁe efficienc%es are
sighifican%]y'higher than those shown by Park. Pakk (35) Thdjcates thét
horizontal axis systems fhcrease‘their efficiencies ]1héar1y with tip |
'speed.rgtio and that hybrid.systems can achieve high effigienc&es at
Tower tip speed ratios. | | B

- The solidity ratio is the area of fhe horizontal projectién of the

blades divided by the fota1swept area_of the blades. High tip speed
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ratios necessitate less massive blades to maintain centrifical forces
at a safe 1eve1; The trend toward thinner and lighter B]adesiin
wind-electric génekators is reflected in Hutter's (14) data, Figure 59.
Multiblade "American windmills," used for pumpingﬁwater, require
high startihg torque and corresponding high solidity ratios.

The most important. consideration with regard to wind-electric
ggnerétor performance is the electric power output as a function of the
wind speed--the power characteristic. A'power characteristic curve,.‘:
'typical of most horizontal axiﬁ.wind piants, is presented.ih Fiéure 60
on a poWer per swept"area-basjs (W/mz) for tﬁe Aerowatt 4100 FP7.
Electric power generation beg1n§ ét the cut-in'speed of 2.6 m/s (4;3
mph) and Becomes constant at a rated speed of 8 m/s (18 mph), at which
point the-generétor has - reached its full.ratedcapdcity and sdme type
of speed control method prevehts overpowering the generator and over-
épeeding the blades. Total kinetic energy in the wind and overall
efficiency aré also shown. | . |

Power-characteristics can be determfﬁed by several methdds{

Small wind’plants'can.be dk{ven'on.a tfuck during calm periods in both
.dﬁrectioné‘a1ong a road‘at,various speeds'(7,35). Wihd‘tunnel téét§
produce the same results, however both theseﬁmthod; do not account

- fo% the effects of ggéts and cannot:be'app]ied to very large wfnd

systems. Clausnizer.(36) describes test brdcedures, lasting several
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days to a week, for determining power characteriscics in real wind
situations. The results of such a test are presented in Figure 61 for
two 100 kW wind generators. - Tagg-(lO}li) discusses methods ‘to reduce
the scatter in these data. B '- |
C1ausnizer'(36) emphasizesﬂtnaf the'shape of the,power cnaracteris£1C'
is sensitive to the'averaging tine”peribd'of‘wind speed and power'outpuc.
For the purpose,of aéstimating net energy ouﬁpot, it is necessary that
.the time period used-to determine the power characteristic correspond
to the time period over which wind speed data are aVereged. :Analytica]
_methods for modifying a short time period'power_characteristic to
correspond fo;]ongfterm wind date are available (36); ‘
-w1nd‘generafors used -in this analysis are ]isted in Table 27
With their respective blade diameters and rated capecities, :
‘:,Corresponding'power'characferistics are tabulated 1nyAppend1x B. In
most cases, the method of test or averaging time period used for'tnese

power characteristics were not available.

Est1mated Wind Energy Production at Selected Montana Locat1ons

. The on]y mean1ngfu] way to compare w1nd plant performance 1sl1n s
terms of net energy produced in a’ g1ven wind reg1em, Est1mat1on of
net energy product1on requ1res a know]edge of the wind plant power ;f:’~y
fcharacter1st1c and the frequency distribution of w1nd speeds The.

' annua]naverage power output_of thirty wmnd p]ants was computed.by taking -
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the numerical sum of the products of the power output at each wind

speed and the fraction of time the wind blows at each speed.” This is

written:
N ) -
P = _At aY
Pavg = 2, P ), | (12)
where ﬁavg is the annual average power output, P(vi) is the power

generated at the speed Vis (—é%—) s the fraction of time at the v1.th

i ,
~wind speed on.an annual basis and i is the index from 1 to N wind
speeds. The annual energy generated is éimp]y the product of the

average power pav and. the number of Hours per year, 8766.

g
' Simi]ar‘methdds,of energy estimation, based on hourly averaged
'wind data, haye been found by several 1nvest1gators; notably Taég (10,
11), Golding (12,7), and Huttér (14), to give very c1bse.comparisons
with_on-sife-measurements.

Estimated energy values generally increase with annual meanvwinq
speed and with wind p]ént_rated capacity. Annual,averagelpower
estimatées are presented for thirty wind plants (Tab1é 27) at each of
ten locations in Table 29. Estimated mean monthly. and annual enérgy
- yield, computed by multiplying'thé-meaﬁ'powef by 730% hours and
8766 hours respectively, are presented for thirty wind plants at
, _teﬁ locations in Tab]es-30 and-31. Month]y energy va1ués, in Table 30,

may-be the most useful presentation since most residential consumers
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are fami11ar with their monthly power bi]]s" Percentage'seasona1
variations 1n monthly energy output are the ‘same as energy dens1ty
var1at1ons, presented in F1gures 25 through 37.

It must be emphasized that these est1mated power and energy output
figures (Tab)es 29-31) are ‘tdeal va1ues ~Such” resu]ts cou]d be obta1ned
. only if the w1nd p1ant were never down for repa1rs and if the- power f

" demand a1ways equa]ed the wind power SUpp11ed Thus, these power

. output est1mates represent the upper 11m1t of wind energy wh1ch can. bei

' made available to res1dent1a1 users at each 1ocat1on w1th the appro--
:fpr1ate wind p]ant | '

| Go1d1ng s method of comput1ng the net annua] energy output of
a'w1nd genrator.(7)-1s based on the-power duration curve. The annual
_power durat1on curve for L1v1ngston is presented in Figure 62 w1th

. the indicated performance character1st1cs of the Elektro wv 35G.

This wind-electric system starts generat1ng power at the cut 1n speed .

of 3 6 m/s (8 mph) .. The ava11ab1e wind energy be]ow th1s speed is

. very small compared to the net ava11ab1e w1nd energy (1 e., the tota]}f’

- -area under the power durat1on curve) Th1s w1nd generator reaches 1ts_. _

-'fu]] rated output of 4. 5 kw at 1ts rated speed of 12 3, m/s (28 6 mph) 1"

;"At the fUr11ng speed the system ceases operat1on to avo1d damage thus;_x
‘no energy is produced above this speed For the sake of c]ar1ty, the ;:
'fur11ng po1nt in F1gure 62 was taken at 20. 6 m/s (46 mph), a)though : N
;1t-1s-53,7 m/s_(120 mph) for the E1ektro WY 356 L
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The annual net energy produced by the E]ektro-wv 356G at Lfvingston
is proportional to the cross hatched area a-b-c-d-e-a. If_tﬁe wind
plant operated at full capacity 100 percent of thevtjhe,'the energy -

produced would be proportional to the area 0-x-y-z. The a}eé ratio,-

a-b¥c-d-e-a / 0-x-y-z, gives the specific output, whichis the equivalent. '~

,Fréétidn of time the plant operates'at,fufl capacity. Specific oUtput
is expressed ih units of ki]dwétt-hours per year per instalied kildwatt
(KWh/yr/kW). Specific output is tabulated in Tables 32 and'33'fof _.
thirty wind p]ants'at ten 1ocation§. The values fn Tab]é 32 are listed -
as.the equivalent percent of time at full capacity. Percent specific
outputs for wind-electric generators~uhder 10 kW at windy Tocations
. range from 15 to 70 percent. | |
Go]ding's'method of estimatiﬁg spécific output clearly points
out that net energy production depends on- the wind:spectrum aﬁd the:
rated speed, cut-in speed and overall efficiency of- the wind plant. .
Additionally, Golding demonstrated that the re]atibhship between fhe
specific output and annual méén wind speed was.roughly.linear for mean
speeds between 3.6 and 9 m/s (8 and 20 mph) and has decreasing slopes
for‘speeds greater thanl9 m/s (20 mph) (7). : Stodhard (13) points out" .
.that bécause bf the linear relationship between meah speed and specific - -
output, it is possible t§ estimate wind plant performance based'bﬁ1y
on annual mean wind speed.' o o '

Percent specific output is plotted as a function of annual. mean
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wind speeds in Montana for sevenal wind plants in Figure 63. Specific
output increases with increasing annual mean wind speed: for each wind
plant and increases with decreasing rated speed.for different wind
plants. The relationship between. percent specific output and the mean
wind speeds for Montana indicate that the energy production of wind
machines can be estimated at sites where only the annua] mean wind
soeeds are known. | |

Some investigators prefen to compare system performance on the
basis of energy output per unit swept area of the system._ In Table 34
the mean monfh]y energy output per unit area in kilowatt-hours per
square metre-(kwh[mO/mZ) are .presented for each wind plant by location.
These values generally increase.with'increasing,mean.speed but.their
magnitudes differ greatly between wind plants. The output per swept
. 5rea is plotted as a function of'annual mean wind speed for selected -
' wind generators in Figure 64. -

Performance; in terms of net energy produced; depends strongjy on
the wind plant's rated wind speed. The Aerowatt turbines achieve Tow
rated speeds with large blades, wherees the E]ektro design relies on
h1gh power output with 1arge generators. A compar1son .of an Aerowatt
and an E]ektro p]ant of s1m11ar size. (Aerowatt 4100 FP7, 4 1 kW with an-
E1ektro WV 35G, 4, SkW) revea]s that the Aerowatt plant produces more :
energy at all 1ocat1ons in Montana although the d1fference decreases g

with 1ncreas1ng annua] mean w1nd speed as’ 1nd1cated in F1gure 64
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Extrapo]ating from values in Table 30; shows that equal performance
would Qn1y bé’achieved.with mean speeds of 7.6 to 9.4 m/s (17'to 21
mph). This indicatgs that fated wind speed should be the decidiné
~factor in wind p]ant selection, however cost considerations add to .
thg complexity of sglection criteria; Inéreasing blade size usually
increases total cost fasfer than increasing generator size, thus
ihdicatihg an economically optimum trade-off between Tow rated speed.énd
high rated capacity. Wind energy costs'are considered in Section V.
The 1mportance'of-proper sité selection is clearly 1nd1;ated in
thfs performancé‘analysis. When measured by net énergy production
(Table 30), specific output (Figure 63) or output per sWept area
(Figure 64), wind generator performance'is'always an increasing function
‘ of annual mean Wind'speed. " For any wind piant there is not as much
énergy avai1ab1e in the low Wwind (mountain) areas as there is in

windy areas (eastern Montana and the eastern slopes).




SECTION IV
WIND ENERGY ‘STORAGE

Energy: Storage Methods

Energy storage methods are not un1que to wind systems but are used‘~
“for any_smtuat1on where the _energy- supp]y ‘can not be contro]]ed to meet
energy demand' The funct1on of energy storage in a comp]ete w1nd pOWer-:d'
system is shown 1n the b1ock diagram 1in F1gure 65. A]though a shared
- utility gr1d does not store_energy, this method‘fo1fills the role of
.energy storage. . | | | | | o |
The ‘merits of any storage method for power systems depend ‘upoh i
the stored,energy density, the ease and flexability of energy recon-" ..
vérsion into a useful formioverall etficienéy ahd cost per unit'stored
energy '.The storage methods discnssed‘here'are°' flywheels; pumped
‘hydro, fue] ce11s, compressed air and 1ead acid batter1es
Flywheels store k1net1c energy in a sp1nn1ng d1sk In the past,
'flywhee1s had the drawbacks of 11m1ted energy storage capac1ty, poor
- eff1c1ency and danger of,catastroph1c fa11ure- Recent deve]opments us1ng
a fanned cireular brush:confirugation (37) may have removed the danger
- of oatastrOphic taiTure.,-Other super-flywhee1 concepts. (38) are in the
design and development stages Compared with lead- ac1d batter1es,
.super—flyWhee1s offer lower weight per unit energy stored, Tower cost-f
and. Tonger 1ife. Such-flywheel systems are also capable-of-produoing

high power rates which are common to residentta] uses for starting
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motors. Energy losses due to friction can be reduced with magnet{c
bearings and low pressure gas chambers.

Pumped water storage is a well developed and well understood
storage method. The gravitational potential energy of a mass of water
is raised by pumping the water to a higher level. OQOverall efficiencies
of - this methbd (energy returned compared to energy invested) can achieve
67 percent (1). Pumped hydro storage is greatly restficted because it
 requires either a TaFge elevation differeﬁce or large volumes of water
and the aSSOCiateq land area. The method is presently usea in éon-_
junction with nuclear plants to meet peak deménds., Indications are that
puinped hydfo storage could perform the same function for large wind
Syétems in a national grid (8, 9). .

Fuel cells are basically a form of bétfery in which cheﬁica]»
reactions generate electfic powef. They are not regenerative since
they must be supplied fuel from an external source. With wind systems,
electrical enéfgy could be used to separate hydrogen and oxyéeh by
electrolysis. The stored hydrogen can be recombined with oxygen in
the fuel cell to producé electric power. The promise of the fuel cell
Ties in its simplicity and its.p011ution free operation, although its
use is presently restricted by high cost. . |

Excess wind generated"e]ectrié energy -could. be .used to compress

air stored in underground chambers. EXisting natura]vgaS"téchnology:

uses depleated oil and gas.fie1ds; acquifiersﬁ and solution mined salt
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caverns for storiﬁg compressed natural gas (39). Fryer (39) concluded
that‘pompressed air storage'using a motor-generator with cohpressor—
gas turbine is now (1974) cost competitive with pumbéd‘hydkovstoréée.

Thjs'stdrage method is only practical -for large scale ‘energy systems.

. Lead-Acid Battery Storage

Lead-acid batterries have been fhé standard of comparisdh for

, e1e;triéa1 energy storéée. They aré an old and proven. coficept, easy
to use, have instant é%aftup and have Tow costs pér unit stored energy.
Costs range from $54 to $80 per kwh of storéd energy (40) and.aré not
expected to decrease siénificant]y with improved teqhno]ogy. Both
cost and total weight of batteries increaséllineérly with stofaée.cap-
acfty. Some disadvantages'of 1ead¥acid battgriévare their Tow peak |
power capability, low efficiency, low energy densjty”and'éséOCféted -
‘heavy use of materiais, and the neceSséﬁy_d.E; to a.é. cohversion.

" Since 1éad—acid-batteries are heavy users of coppef,l1ead and‘zincg_
all increasingly scarce materid1é,.theinahndt be coﬁsidered a viable
. energy storage method of the future. For example;.cdnsidef.the'mass'.
of storage batfgriés.required to store 20 kWh of ehérgy, whfch is a
réasonab]e'storage size for reéfdentié1 home use. .With éh energy
density of 4.5 Wh/kg (10 Wh/1b), .a total mass of 909'kg'(2000 1b) s
réquired. | L B o

There are several faétqrs which influence the cost and lifétime of ”
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1ead-acid.battertes other than initial storage capacity. The number,
rate and depth of charge—discharge cyc1es.inf1uence the Tifetime and
effect the efficiency of battery operation Most lead-acid batter1es
can withstand approx1mate1y 1 500 fu]] charge d1scharge cyc]es
Battery efficiency ranges from 50 to 87 percent (41,.7)
dependﬁng on the type of.use as well as the duration and depth.of

charge-discharge cyc1es.

Shared Utility Network

By shar1ng a ut111ty power gr1d a w1nd power source becomes a .
'part of a 1arger power d1str1but1on network. The shared gr1d system
is accomp11shed by us1ng an 1nverter (42) capable of chang1ng any
electrical s1gna1 to 11ne frequency and vo]tage at an eff1c1ency of -
'more than 90 percent over the ent1re power range. When w1nd
generated power is greater than the 1oad ‘the excess power 1s d1verted
.1nto the ut111ty network thus decreas1ng demand on’ other power sources
When the re51dent1a1 1oad is greater than the wind pOWer,supp11ed;
the difference in power required is drawn’ from the ‘power company in -

' the conVentional-manner A1thoughvnot an energy storage method the;"
':ro1e of the shared gr1d system, as seen in F1gure 65, is’ the same as_i
the ro]e of energy storage in the wind power system

Large wind-electiric generators on a power: network are a proven ‘

' ,concept (7,4, 9) Such systems work best .in. conJunct1on w1th another,
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power source, such as hydroe1ectr1c which can change its power Tevel
quickly and act as a storage medium. wide'spread-use'ot 1arge wind .
powered systems on a national grid may contribute to’ network 1nstab111t1es
due to variable w1nds S1gn1f1cant contr1but1ons to network 1nstab1]1ty
trom small, d1vers1f1ed w1nd power systems seems un11ke1y since such |
wind systems are largely restricted to w1ndy,.rura1,areas where
. population dens1t1es are extreme]y 1ow - o .‘ |

The shared gr1d concept offers many advantages over convent1ona1
energy storage methods . ATthough very_expens1ve ($1275) (42), the.'
1nverters.are.htgh1y efficient,-easy to‘insta]1,'proven technotogy.:.l
These ‘costs may decrease significant1ylw1th increastng competition andhu‘: '
“improving technotOgy.'_Consumers'can~have Uninterrupted power‘on' o
demand which can meet high peak toads Th1s opt1on does not represent
the heavy use of scarce mater1als reqU1red by battery storage
'Add1t1ona11y, the shared gr1d opt1on represents the poss1b111ty of -

full ut11jzat1on,of all energy,aWW1nd planttts.capab]e.offproductngg,-




SECTION V

ECONOMICS OF RESIDENTIAL WIND-ENERGY GENERATION

Analysis Performed

The economics of w1nd energy systems is a paramont concern since
the v1ab111ty of w1nd generated energy depends strong]y upon the
.final cost to the consumer Unit energy costs in cents,per k11owatt4
hour (¢/kWh) depend upon the'prorated system costs and useful energy
delivered to the residence. |
The fo]iowtng economic.analysis models wind system pehfermance |
in terms df energy:dedivehed to restdentia1'1oads.t The costs of gené.
ehating'this energy are then considered. . The analysis considers
twenty-four sets of conditions consisting of'
four var1at1ons of electric energy storage,
three d1fferent equ1pment life est1mat1ons, and
two res1dent1a1 use loads.
The four energy storage var1at1ons consist of three different
' sizes of lead-acid battery storage and the shared gh1d opt1on to energy :
storage: Stdnagefbattery capacitjes are:based on the recommendatiqn§
..of'a wind systems distributor for the wihdcharger,'DUnltte and.Elektro'

' systems (40). Rat1os of storage s1ze ‘to installed capac1ty and storage'

size to maximum month]y output for these systems were used as the bas1s

for sizing.the rema1n1ng storage capac1t1es which are tabu]ated in

" Appendix C. The "STOR 2" and "STOR 3" des1gnat1ons refer to opt1ons
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having twice and three tines the first storage capacity ("STOR 1").
The "STOR 0" designation refers to the shared network option where no
storage is used. "
Equipment lives of 10,15 and 20 years wene assumed for the wind.

turbine, generator, gearing, blades and:tower, The: inverter for the

. shared network opticn was given a 20 year life (42). A1l remaining

system components were given 10 'year lives.

Residential Use Loads

Thewinde]eCtric energy delivered to a.residential load dépends . °

upon the amount of overlap between two. time vanyinglfunctions, the

“wind energy supply and the residential consumption. The time vaniation'

in the wind energy supp1y 1s known from the three- hour]y w1nd speed

data. The time. var1at1on in: res1dent1a1 e]ectr1c use can be est1mated
.by an average res1dent1a1 load funct1on S1nce data on Montana res1d-
" ential e]ectr1c use was not read11y ava11ab1e, ‘the seasonal var1at1on

- of the 1oad funct1on was based on the author's e]ectr1c energy con-

sumption dur1ng the period from Ju]y 1974 to June 1975. ~Daily var1atien
in the load function was based on records of utility 1oads‘(43)f
Seasona1 and da11y var1at1ons Ain the res1dent1a1 Toad flunction are
presented in F1gures 66 and 67, respect1ve1y

A 1ow and a h1gh res1dent1a1 use funct1on (des1gnated "LOAD 1"

' and "LOAD 2) were estab11shed,.based on an-average month]y.use of. -
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271'kWh and 650 kWh, respeétive]y. -‘Both functions follow the time

variation of Figures 66 and 67 and are presented in Tables 35 and 36,

respectively showing the daily and seasonal variation. Tabulated values

are the ki]owatt—houré of energy used fn the indicated three hour

period. Since average Montana residential electric use (44;45)'15

vsomewhére between 450 to 650 kih mbnth1y; the analysis based 6n these

two functions is indicative of wind system'perforMance for most

residential electric users.

wind System Performance with Residential Electric Loads.

An uppef limit of wind‘ejedtric energy production, in terms of
kWh/average month, is Tlisted fof vafious wind generators in Table 30.
Wind system pefformancé is evaluated in terms of the.poftion of the
ava%]ab1e'energy from Table 30 which is used (Use Factor, UF) and in
terms of the fraction of the residential e]eétric Toad which is
delivered (Load Factor, LF). | |

The Use-Factor (UF) is the fraction of"enérgy dé]iveredltb a- .
residential Toad coMparéd to' the upper 1imit of energy the systém_
could produéé ét a givén’]odatién. For eXamp1e,_the upper Timit on
performance of .the Aerowétt-4100 FP7 at Livfngston is 1,597ﬁkwh per

average month (Table 30). If this system were able to deliver ai -
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average of 650 kWh monthly to a residential load, its.UF would be 0.41.

The magnitude of UF depends on the amount of overlap between |
the wind energy supply and the resfdentia] eleétric'1oad. The resident-
ial load functions presented in Tables 35 and 36 were used in two
computer programs'ﬁith three-hourly wind spéed data to mpde1 wind system
pekfdrmancé at severa] locations. The twb_prograﬁs correspond to the
independent systems.and shared grfd"bptions% A b]ock.diégram displaying
the logic of these programs is presenfea in Appendix D. ‘The COmputer_'
ﬁode]s used twenty-two wind systems at each Tocation with the vérious
storage obtions. A battery efficiency 6? 86.5 peréent based on
Golding's (7) findings was used and.attenuation of d.c. power through‘
1hvefters was éccouhted’fdr. A Toss of ten bercent'qu used -for the
invertér in the shared network option (42). . a

In order to minimize the extensive computer time-reqUired'to
analyze all wind systems'at ten'locations,raﬁ estfmation prbceduré was
developed for determin%ng Use Factors. The compdter‘pkggrams were
executed for Missoula; Helena, Havre, Billings and Great Falls. Use B
Factors for twenty-two wind systems Wifh'a11 thé different stbrége
options and twolload s;hedu1és were -computed for tﬁese Jocaiibns.
These Use Factors weré curve fitted as functibns of systém rated capacity

using the least squares technique. The resulting functions are“pre- '
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sented in Figures 68 and 69. Use Faetors for Livingston, G]asgow,
Ka11spe]1 and Bozeman were extrapo]ated or 1nterpo]ated for the var1ous
parameters of storage s1ze and residential load. .

The parameters in F1guresg68.and 69 are three annual mean'wind
speeds, four storage options and'two load conditions. .The Towest .
set of curves invboth Figures fepresent the shared network option |
which has no stbrage capacity. The minimum near a 5 kW system size 1n
the UF curves and the positive s]opes at higher rated. capac1t1es is
be]ieved due to curve fitting procedures and scatter in the data, rather
than the 1nd1cat1on of a s1gn1f1cant trend. ' ‘ |

Severa] general trends can be identified in Figures 68 and 69
Use Factors increase thh increasing load and storage capac1ty'and
decrease with increasing annual mean wind speed. For both foad‘
schedules, a eignificantAjncreése is.seen between the no storage condi-
" tion and the first storage‘capacify. However, by doub1ihg and tfip]ing
this storage capacity, on]y small increases in the UF are realized.. Thus,
increasing Storage capac1ty is expected to increase energy costs since
battery costs are d1rect1y related to storage -capacity.

Performance can also be compared on the basis of the Load Facter
(LF), which 1s the fract1on of the. res1dent1a1 load de11vered by the

wind system. Th1s LF 1s not to be confused w1th the 1oad factor of
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e1ectric.uti]ity compenies. Values of LF for twenty-two wind systems
were computed by the two computer programs previously mentioned for
Missoula, Helena, Havre, Bi]]tngs and Great Falls. LF for-feurteen
wind systems at these five locations are taby]ated tn Tables 37 thhohgh
- 40 for the independent systems and shared network ohtions with two
residential 1oed schedules.

To clarify trehds, LF values have been plotted in Figures 70
through 73 tor selected wind systems. Fer all cases considered, LF
increases with increasing annual mean wind speed although there are ..
large d1fferences 1n magn1tude between various wind systems A
compar1son of the storage options with the shared network option
(Figure 70 with 72 and Fjgure-71 with 73) shows that some eneirgy stdrage
capacity greatly 1ncreases the load delivered by the wind.' However, by
tripling the ehergyﬁstorage size (Figures 70:and 71) oh1y sma11.geins
are realized in terms of useful energy delivered. LF also decreases
with ihereasing use loads. |

It was found that both LF and UF.are insensitive to changes in
the shape of the daily load function. Thus an exact dete?minattdnvof“
the shape of this function 1s not cr1t1ca1 to th1s analysis.

The LF provides a measure of the res1dent1a1 1oad delivered by
the wind energy system. Thus the fraction of the Toad not de11vered

(1-LF), “is a'Measure of the 1nconven1ence.eneountered.wath the_jndepen-
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ent systems option. For exemple, by .using the Windworks Twelre Footer
for the "LOAD 1" Toad and the "STOR 1" battery storage.capaeity'at

Havre (Table 37),nthe LF is 0.574. This means that 43 percent of the

"LOAD 1“ Toad schedute is not met by this wind energy system so.that
the user would necessarily have to adJust to a port1on of the t1me :

. with no power and to a lower net energy,use. The fract1on of the 1oad
not delivered (1-LF) and the amouht of: time without power cou1d‘be
s1gn1f1cant1y reduced by a user who made some adjustments in h1s energy
use schedule to coincide with windy perlqgs..

The amount of 1hconyenience.encquntered with the indehendent systems -
optibh‘has'the addttional.effect‘of-decreasing battery life. In the
‘computer modet each failure of the wind'energy system-to supp]y the
residential 1oad represents a deep cyc]e drain of the battery storage.
In actua1 practice, it is 11ke1y that a user wou]d prolong battery life
by monitoring battery level and avo1d1ng deep cycle dra1n1ng. Thus the
'fo]]owing estimates of'battery deep cyc]thg are intended primarj1y to
display major trends in battery life. - |
| The annua] average number ‘of deep cycles in a battery storage
system are listed in Tables 41 and 42 for three Tocations with three
different storege sizes. Lead-acid batteries can sustain apprexihately
1,500 deep cycles in the‘batteryﬁs.Tifetime (41), thhs a:teh:year 11fe:

'wou1d require less thah 150 -annual deep cycles, WhereaS'a.fiVe°year‘




- 48 -
‘]ife would allow up to 300 deep cycles annué]]y. These values show
that even for the low residential load schedule (Table -41) there aré
only a few.cdmbinationS'of location, storage size and wfnd'systém
which allow a ten year lead-acid battery 1ife. Trends reflected in
Tables 41.and 42 show the number of deep cycles decrea$ing significantly
with increasing annual'méan-wind speed and with increasing étorage §ize.
Thus, for a given wind systém,'a windier Tocation w111'tend.to incréqse
bétfery.]ife. Although increased storage size has Tittle effect.on
improving ldaq factors (Figures 70 and 71), larger storage-siiés”may
be required fo prolong battery 1ife and reduce the‘incohveniepce of a
sporatic energy supply. '

Even though a wind -system with battery storage is monitored by
the user, the fact remains that continuous efectric power which most
'coﬁgumers are accustomed to is not always avai]ab]g for indebéndent
wind systems. - The portion of time without bower can be reduced:by '
installing larger wind systems, increa;ing energy storage size or
sé]ecting iocationsAwith higher mean wind speeds. It is also poésible
to 1ntr6duce another powér'sourCe, such .as a gaseline powered electric
generator, into the system of Figure 65. This would ihcrease'fﬁrst  :
costs but would insure a continuous é]ectric-power supply. . If the wind
system were selected to minimize time‘without power, the backﬁp.genérator
would operate only a small poftiqn of the time ahd-WOqu.have Tow |

maintenance anhd operating costs. Such backup generators are”discussed
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in the Titerature (46,47).

Under the shareﬁ network option, the user's load is always
supplied by a combination of twb sources so that the 1nconvenience‘of
the indpendent system option is avoided. The two electric energy.

" sources are fheuti]itycompany and the wind genératorm 'The:LF is simply
.the fraction of the total e]egtkic load supplied by the wind Qenerator.

Once an 1nvestmént.has been made 1n.a.wiﬁd system, lowest energy
costs.are realized by using as much. of the available.wind generated .
energy as poésib]e. For windy locations with wind systems larger than
2 kW 1nsta11éd capacity, there are sigﬁificahttportions oflf%me during
which the wind energy supplied exceeds the residentidT é]ectfic ]6ad.
Imbroved utilization of this "lost" energy can be rea]iied by altering
the home use schedule to ébinc%de with diurnal variations of the wind.
Infrequent energy intensive activities could be performed during windy
pefiods.- | | _ -

Another method of improving Use Factors-wou]dlbe to divert.the:
“lost" enérgy into heat for domestic hot water and heatjhg. Wind systems
in conj&nction with hot water Heated homes would do well in ]oéations
such as Livinéston‘and Great Falls where moﬁt.df'the wind énefgy is
available during the winter months;x'This mefhbd.cou]d'Complement a.
éo1ar-home-heat1ng system, as disCussed-by Hérdhemﬁs’(48), .

. The total amount of enérgy which various wind*generators‘are
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capable of producing'is tabu]ated on a monthly basis in Table 30.
There are many sma]] w1nd generators (1ess than 6-kW) which are capab]e'.
of producing more than enough e1ectr1c energy to supply the average
Montana res1dent, a]though this analysis has shown that it is difficult
to effectively pt11ize all the~ava11ab1e energy.- It mpst.be_empnasizeo
thatlenergy output .depends rery strong]j on the annual mean wind'speed;
For example, in the Tow wind speed areas of.Ka1ispe1J, MisSoula_and
Boéeman,‘there are no wind systems unden 6 kw_which are capable of .
.producing over 271 kWh monthly By contrast at Great Falls there'are
six wind generators w1th outputs over 650 kWh monthly: and th1rteen over
271 ith monthly. |
“ The. Load Factors tabulated in Tables 37 and ‘38 for fourteen wind
systems under 6 ki shows that for windy areas it -is poss1b1e to supp]y
‘over 200 kWh monthly to the Tow Toad schedule and we]] over 300 kuh
‘month1y to the high load schedu]e A f]ex1b1e use schedu]e could
significantly increase total wind'energy utilization within the'upper' ‘
limits shown in Table 30. | |

This analysis c]ear1y indicates. that it is poésib]e'to meet

residential e]ectrtc requirements using wind-électric generating
'systems' The methods of energy use cons1dered were systems 1ndependent
of existing power networks and systems work1ng as part -of a power net—
' work, In both types of use it is poss1b1e to deliver more than one

half of theé residéntial load W1th.qud generated energy at w1ndy-1ocat1ons.
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-The amount of energy generated .depends strongly on the annual mean wind

speed at the site considered and points out the importance of on-location
wind speed measurements. The areas 'displaying the required . Tevel of
wind energy intensity to meet.residential réquirements are the eastern

slopes of the Rocky Mountains and the eastern plains of Montana.

wtnd Energy Costs

This economiE'analysis identifies major trends in the cost of -
wind-electric energy delivered to residential.loads and is intended to
be representative of costs enceuntered by residential users. Wind:

energy Costs are computed by

_ AC | : L
C0ST "g_sc)x 0F . - (13)
where COST.is the cost of wind-electric energy de11vered to the

residence 1n cents per kilowatt-hour (¢/kWh), AC is the annual cost of

the wind- e]ectr1c system in cents per- 1nsta]1ed kW, SO-is the annua]

.specific output in kWh/kW and UF is the Use Factor.

Annua] costs (AC) consist of—three.parts-
first costs of the complete wind-electric system prorated
over the expected 1ife of the equ1pment
1nterest charges, and |

" maintenance costs.
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Wind generator costs were avai1ah1e for the fourteen wind plants-
'indicated by an asterisk in Table 27, - Equipment costs are based on
- prices quoted between June 1974 and January 1975 and genera]]y do not |

_1nc1ude sh1pp1ng charges from the distributor. '
| Since first costs of.w1nd.systems are.roughly equtvalent to first
.costé of new automobj]es,'thedsame interest rates were used for this‘
analysis. Interest rates of 7 percent "add-on”, equiva1ent=to
approximately 13 :percent per year on the unpa1d ba]ance, is common
‘practice. Maintenance costs were taken.as. a fixed percent per year of

the first cost and depend on type of‘use as.well as durabi]ity of

. system components These maintenance costs were taken as 1 percent ,

for factory produced wind generators; -3 percent for part]y ownher
assemb]ed,systems and 5 percent for home built systems.

An itemized 1ist1ng of the'eouipment type, coets and stze.is‘
presented for=fourteen systems in Appendix E.- Separate tables are
presented for'the independent system and shared network options. The
HeTlion and Windworks system are_home'bui1t from p]an§ and the $encen;
baugh.is user assembled. In these three‘casesfthe'time for bui]dtng
and assemb]ing 1s not.constdered.in_the system costs. The Jacobs - -
Wind Electric has not been produced since 1957 but was included in -

the analysis because of its proven durab1]1ty and the ava11ab1e
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information on its performance, cost and maintenance. Estimated 1974
production costs (49) of this system-are tabulated. A]]’other systems
listed are factory produced and are ‘presently available to consumers.
Thére are -other wind genefators presently on the'markét,'byt thfs
analysis only includes those for which- performance and cost information
were readily aVa51ab1e. ' o |

‘There are so many ways of. assempling and financing a complete- |
wind power system that-it is impossible fo account for all the
variations in this éna]ysis._ For examp]e;.a wind bower user may find'
it difficult to build or assemble a wind generator and blades but wqﬁld:.
prefer to reduce costs by assembling His own tower. A great deal
of inexpensive used equipment,:suchtas batteries and inverters, are.
also available. Auto loan financing is probably the most expensive
way to finance such a project. Many u3er5'coQ1d reduce 1nterest.costs B
if they had adeéquate savings or could finance through governmenf' .
insured or home improvement Toans. Cost figures are tabulated in
" Appendix E so, that a wind poWer'user can estimate’cqstg fﬁr a

particular situation.

Economic Trends in-Residential Wind Energy Generation

Cost of.wind—electrié énergy delivered to residential loads

was determined for the twenty-four different combinations of parameters','
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whichlwere previously described and are outlined in Tabte 43. - For
each set of parameters'there is one‘corresponding tab]ei(Tab]es 44 to -
n 67) 1isting. the cost 1n'¢/kWh for each of fourteen wtnd systems at |
ten ]ocations in Montana. Energy costs for Great Falls, B1]11ngs Havre, '
Helena and M1ssou]a were computed using the assumptions of this .
analysis. Energy costs for the remaining locations are est1mates"
based on 1nterpo]ated and eXtrapo]ated Use Factors | |
To d1sp]ay ‘trends in wind energy cost for various comb1nat1ons .
" of equ1pment ]1fe, load schedu1es and storage type, the va]ues tabu]ated
: in Tab]es 44 through 67 have been plotted for the W1ndw0rks Twe]ve
Footer Wind energy costs for th1s home bu11t system are shown as a
function of annua] mean W1nd speed for two load schedu]es in F1gures .
" 74 and 75 For al] cases considered; w1nd energy ‘costs decrease w1th
1ncreas1ng annua] mean wind speed
‘ ‘A compar1son of Figures 74 and 75lshows that an -increase in the“
load schedu]e decreases wind'energyICOSts for,a11 types-of use, This ,
is expected since the hﬁgh load schedule (Load'z) tends to‘increase the - o
) UF. However energy cost -improvement due to tncreasing load schedu]e
is’ small for all cond1t1ons except: the shared gr1d optlon and the
‘"STOR 3“ option at h1gh annua] mean w1nd speeds
: For a]];cases, the 20 year equipment 1ife resulted inzlower

: ,energy costs than théflo'yearf1tfe‘estimatez- CoSt_impromement'frdm~:
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increased equipment 1ife is Tafge only for the shared grid option and
in general such cost reductions are small compared to cost reductions
resulting from changes in'energy storage size.

By far the most important variables affecting wind enérgy costs
are the annual mean wind speed and the type of storagé method used.
There are very large energy éost reductions between the shared grid
(no storage) option and the "STOR 1" battery storage option, whereas
the 1argér battery storage sizes increase ehergy costs.

‘it must be.emphasized that energy cost values for the shared grid
option and for the battery storage option are baséd'on the cost of
~ﬁergy delivered to the residential Toad. Under the independent systems
option the wind energy user may be subjéctéd'to the inconvenience 6f a-
~ sporatic eléctric power supply unless a backup generator is used. -
- w1th'this option, there is é sUbstantié1 ahount of aVai]ab]e'wind énergy '
which is'hot uéed; On the bther'hand; full uti]izétion'of avai1ab1e
wihd energy may.be posSib]e under the Sh;red‘network option. In this
case, the fraétibn of energy not used in the residential load (1-UF) is
" used somewhere else. in fhe powgk network. .In a reaéonab1é,érrqngemgnt

» with a utility company, the wind power user would be paid for poWera
delivered to the network. Thus, the cost 6f electric gnefgy to the
. thsumer'under the shared'nétWOrk.option depéndsth the=cosﬁqof wfndfg
generated'energy, the-cost of utility energy énd the rétg pafd by the‘”’

utility for the excess genefated wind energy. -
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For example, a samp]e calculation was'carried out for a wind
energy user undér the shared“network option_at~Great Falls. The He]iph}
(#10), Windworks Twelve Footer (#12) and tﬁe Elektro WVG56G (#20) were-
considered for the Tow (LOADvl) and high (LOAD 2) Toad schedules. The_

. breakdown_of monthly average energy. distribution in kWwh is shown: in

Table 68 for wind eﬁergy delivered to the 1oad,tut111ty.enekgy to -the

load and wind energy to the network.

| To arrive at energy cost figures, it waeiaseumed that utjiity
rates were the'proposed 1976 e]ectric rates of'Fiéure 76 and*that'the
consumer was pa1d a base rate of 2 ¢/kWh for energy delivered to the
network. The ut111ty rate schedu]e 1nc1udes ‘a monthly service charge.

The elektro NVGSOG was‘rated at a 20 year life and the He11on'and

'WTndworks Twelve Footer were given 10 year 1ives.

Electric energy costs for the;three‘catagories of wind ehergy to

the 1oad; utf]ity company energy to the load and wind energy to the

,.network are presented in Table 69 in dollars per: average month ($/mo)

Column 4 11sts the average month]y net payment to (or from).the ut11mty.

. Costs of the same'amqunt of_energy from ‘the ut111ty with ho'Wind :

system are compared in column 6. In.all cases,-there is a sizable -
cost savings in terms of payment to the utility company. This type of
savings may be the primary concern of many wihd_energy uéers,ﬂhowevef the

wind user must make an investment (column 5) to realize this savings. -
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‘The ratio of wind systen investment to_uti]ity cost,savings1is jisted_in
column 7. A one-to-one ratio represents an economic break-even .
condition and higher ratios represent greater investment costs than
savings' ' ‘ -

. fin obv1ous conc1us1on based on Tab]e 69 is that for the cond1t1ons :
: descr1bed wind energy costs more than ut111ty company energy STt is
important to recogn1ze_that these -costs represent only the,part1cu1ar
set of conditions described. For wind systems deTivering a greater
dollar value of energy to the network than .is taken from the Uti]ity;
wind energy costs will improve as utility rates.increase. N

In remote areas where ut1]1ty power 11nes are not available or :
. are too expens1ve to 1nstal1 the cost of wind e1ectr1c power- must be
| compared with.other methods of remote-electric energy generation. g Some
: of these methods 1nc]ude so]ar ce]]s, thermoe]ectr1c dev1ces and - -
gaso]1ne or d1ese] generators _ For a res1dent1a1 sca]e of energy.use-
in remote windy areas, wind- electric generat1on compares favorab]y w1th;e;”
other methods " This was recognized by thousands-of 1ndependent w1nd
system users in. the United States in the ear]y part of the twent1eth
century (29) Cost compar1sons for energy generat10n 1n remote areas
are well documented in the 11terature, notably by Hutter (14) and . -
Dodge (50,51). ] ' -
Minimum atta1nab1e w1nd energy costs are of 1nterest as’a bas1s m:{ff

for compar1son W1th costs obta1ned us1ng the var1ous parameters stated -
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above. Minimum costs were obtained by assuming full uti]ization of‘the
' energy which a w1nd generator was capable of produc1ng in a given wind
spectrum, i.e. UF = 1. These costs are tabulated for fourteen w1nd
systems at ten 1ocat1ons-in Tabtes 70 and 71. The values- 1n Tab]e 70
represent m1n1mum atta1nab1e costs for systems independent of a- power
grid w1th the “STOR 1" battery storage s1ze whereas those of - Tab]e 71
are for the shared network opt1on _In_both ‘cases a twentyyyear:equ]pr :
ment 11fe was assumed T _ .

The minimum atta1nab1e wind energy costs presented in F1gures 77
and 78 decrease sharply with 1ncreas1ng annual mean wind. speeds, a]thoughh.
»there is a great deal of var1at1on between wind systems -The indepen- |
dent system option has s1gn1f1cant1y Tower m1n1mum energy costs than the '.
shared network.opt1on. With the independent system opt1on home bu11t
generators (windworks-and.He11on) produce the cheapest energy,. Howeyer, '
under‘thenshared nétWork optton, the E]ektro WVGSOG'producés COmparaBTe A
energy costs This is because the shared network dnverter (42) is very
expens1ve compared to home built system costs but represents a. sma]]er
fraction of.the total investment in the 6 kw E1ektro wVGSOG

It must be recogn1zed that wind .energy costs can. a]so be reduced
by decreas1ng the tota] monetary investment for the same net energy
yield. A comparison ot wind'system'component costs in.AppendﬁxiE showsﬁ o
‘that for home-built wind systems, more than one half the first5cost is = o

for batteries or the shared grid inverter. - This Tndﬁcatesxthat cost’ -
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.reduction methods could be most effettivety applied tn the area of‘
‘energy storage and distribution methods. h |
In Tight of the foregoing'wind;e1ectr1o-energy-oosts it.is-

instructive to compare utility company rates. - Residential e1eotr1c

utitity rates in ¢/kWh are plotted as a-fUnotionﬁoF month]y'e]ectric ‘
energy use jh thure 76. The wide cross“hatched'crUVe:represents thé"
United States average electric rate struotureaFor the thirty year a
period from 1940 to 1970 (49).' The next hiéher'CUrre represents the
same national average rate schedu]e:for the-year 1973 (49) _ Th1s curve
nearly co1nc1des with the rate schedu1e of a 1arge Montana ut111ty
compary for 1975 (52) The remaining two curves are the requested rate
. schedu]es for two major Montana ut111t1es to be in effect dur1ng
1976 (53). The htghest curve in Figure 76-represents the proposed rate
: schedu]é of an eastern Montana utility (53) These costs c1ear1y
indicate a trend toward rap1d1y increasing res1deht1a1 e]ectr1c rates

from utjlity compan1es

,Th1s:zgﬂijuguggqsfhas~showh;thgt_yihd electric energy costs

-~

decrease rapidly with increasing annual_méan wind speedsﬂahd Vary

between difffﬁﬁ”t wind‘generators and_system configurattoh M1n1mum .

attainable wind energy costs are 1dent1f1ed for two- major system
‘conf1gurat1ons in Figures 77 and 78 for se]ected wind generators ‘A
compar1son of F1gure 77 w1th F1gure 76- shows that it is. poss1b1e to S

generate w1nd e]ectr1c energy at 1ower cost than proposed ut111ty
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residential rates, although wind energy costs are éenerale“hfgher
than existing uti]ity.e1ectf1¢lcos£s. It should be kecognfzed that
an investment in a reliable wind system will yie1d,essentia1fy fixed
e]ectrie enefgy costs over the 1ifetfme of the equipment. There is no.::
‘ guarantee that res1dent1a1 electric- ut111ty rates w111 stab111ze o
dur1ng the same time per1od o |

F1gure 76 1nd1cates a trend toward rising res1dent1a1 e1ectr1c
uti11ty rates., Since the world's reserve of foss11 fqe]s is f1n1te,
-1t’is'reasonab1e to_eXpect thet fossil fuel generéted e1ectrie energy'.

will-continue to increese_in cost relative.to an inflating econdmy;

On the other hand, the costs of wind generated electric energy are well .°

estab11shed and are not expected to increase in cost re]at1ve to other |
products. For this reason, wind energy costs are expected.to_1mproye )

compared to fossil fuel energy costs. -




SECTION VI’

CONCLUSIONS AND RECOMMENDATIONS

Wind is characterized by wide fluctuations in energy density,
both'temporari1y and spaciaT1y Wind records were aua11ab1e in Montana
with a.short enough t1me interval to ana]yze “the- annua1, seasona1 and
daily var1at1ons in available energy. This time var1at1on in the wind
'requires substantial investment'in energy storage or.power dJstr1but1on;‘3
methods as part of a total and'energy system,' _

' “%%6 Spatial variation in wind is difficult to,preoiot on the basis
of only thirteen measuring stations across.-the state‘of Montanai.
Desp1te this d1ff1cu1ty, ex1st1ng w1nd speed” records 1nd1cate the
following:

,1. Western and southwestern Montana regions are genera11y Tow w1nd

- areas and would not produce substant1a1 amounts of w1nd e]ectr1c

energy

1 _2. Winds blow: cons1stent1y across. the eastern p1a1ns of Montana

where‘residential electric requirements can be met with wind.

energy conversion .systems.

¢

3. A h1gh w1nd belt exists a]ong the eastern s]opes of the
( - Rocky Mounta1ns in Montana where the cost of sma11 ‘scale :
\\3 generation of wind-electric power may be econom1ca11y oompetttive-
“,with'existing e]ectr1C'utility rates. | T

;he economics. of wind power generat1on are - character1zed by h1gh

n1t1a1 1nvestmentswh1ch return e]ectr1c energy over a re1at1ve1y 1ong
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period of time. Wind'energy costs decrease rapidly with increasing
annual mean wind speéd and depend strongly upon_the energy storage
method uséd. Increasing residential electric demand aﬁd inc}eased
equipment 1ife are only small factoré in decreasing wind energy éosts.
| ~ Future work with wind energy in Montana should -include a thorbﬂgh
- investigation of energy requirements in each region of the sfate. This
would provide 1nformatfon fegarding the amount of energy required, source
and type of fuel presently .used and end use of each fuel. A wind
siting analysis to.measure available wind energy should be performed,in'
selected areas to establish an accurate and reliable data base fOr the |
wind as an eneréy resource. Such reliable data would be useful in an-
estimation o% the net energy capability of large and small wind energy
conversion systems in Montana. ' e

For example, Clark (1) indicates that; on a naiioha] éverage, 75’
percent'of ?esidentia] energy has an end use in the form of héat for -
water or space heating. Perhaps it wou1d.be more cost effectivé to use
wind energy for heating requirements than-for electrical uses. Such a
wind furnace concept is attractive in eastern slope-areas where
strongest winds are available during the time of highest ébaceﬁheating"'
“requirements. | .

Economic comparisons of energy syétems should be.péﬁformed on the

basis of 11fe'cyc]es. For example, e]ectric.enefgy costs from a wind

system should bé totaled over the lifetime of the system and compared
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with utility electric costs over the'same;periodp This comparison
was not performed because 6f the difficulty of predicting future

utility prices.”
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**  WB refers to Weather Bureau

TABLE 1. LOCATION AND SOURCE OF DATA
Identification Location Reference
Livingston Livingston FAA Airport* .16
Cut Bank Cut Bank FAA Airport 17
Great Falls _Great Falls WB Airport** 18
Billings Billings WB Airport 18
G]aégow Glasgow WB Airport 18
Miles City Miles City FAA Airport 18
" Havre ' Havre WB Airport | 18
LéwistoWn - Lewistown FAA-Airporf~ 17 -
Di1on. Dillon FAA"Airport 17,
'Helena Helena WB Airbort 18
Kalispell _Kéjﬁspell WB A%rport" 18
Missoula Missoula WB Adiport 18
Bozeman Belgrade FAA Airport 16.
* ° FAA refers .to.Fedéral Aviation Agency
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TABLE 2.  ANNUAL MEAN TEMPERATURE AND AIR DENSITY
Mean Annual Mean Annual
- Temperature Elevation Air Density
°F °C Ft M gm/m?
LIVINGSTON 44.2 6.78 4653 1418 1066
CUT BANK 40.5 4.72 3838 1170 1101
GREAT FALLS 44.9 7 3662 1116 1103
BILLINGS 46.3 7.94 3567 1087 1103
GLASGOW 41.5 5.28 2284 696 1166
MILES CITY 45.3 1:39 2629 801 1144
HAVRE 42.2 5.67 2584 788 1153
LEWISTOWN 41.9 9.50 4145 1263 1091
DILLON 42.5 5.83 5218 1590 1048
HELENA 43.2 6.22 3828 1167 1100
KALISPELL 41.8 5.44 2965 904 1138
MISSOULA 43.7 6.50 3190 972 1124
BOZEMAN 41.7 5.39 4451 1357 1079




- B0 =

TABLE 3. ANNUAL MEAN WIND. SPEED

Mean Annual Wind Speed Time

Location mph knots m/sec Interval
LIVINGSTON 14.1 12:2 6.3 hourly
CUT BANK 12.6 10.9 5.6 monthly
GREAT FALLS 12.4 10.8 8.5 3-hourly
BILLINGS Yizh 10.0 ‘ 5.8 3-hourly
GLASGOW 11.0 9.6 4.9 3-hourly
MILES CITY 10.8 9.4 4.8 3-hourly
HAVRE 10.4 9.0 e 3-hourly
LEWISTOWN 10.1 8.7 4.4 monthly
DILLON 9.1 7.9 4.0 monthly
HELENA 7.9 6.8 3.5 3-hourly
KALISPELL 6.9 6.0 x 7 S 3-hourly
MISSOULA 6.5 956 2.9 3-hourly

BOZEMAN 6.4 5.5 2.9 hourly
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TABLE 4. PERCENT TIME IN WIND SPEED RANGE
Percent Time in Speed Range

0-3.3 3.4 - 10.5 > 10.6 m/s
PR 0-6 7 - 20 > | 205 knots
LIVINGSTON 23.4 64.5 12.1
GREAT FALLS 25.6 67.1 7.3
BILLINGS 23.7 75.0 2.3
GLASGOW 30.5 66.4 - .
MILES CITY 26.8 T1:1 . !
HAVRE 36.9 60.3 ' 2.8
HELENA - 56.7 42.1 1.2
KALISPELL 60.6 38.5 0.9
MISSOULA 69.5 30.1 0.4

BOZEMAN 64.6 34.9 0.5
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TABLE 5.  ANNUAL MEAN WIND SPEEDS, MOST FREQUENT SPEEDS,
AND MAXIMUM WIND SPEEDS FOR TEN MONTANA LOCATIONS

Annual Mean Most Frequent Maximum Ratio

Wind Speed Wind Speed Wind Speed Max
Location mph m/s mph m/'s mph m/s Average
LIVINGSTON 14.1 6.3 11.6 5.2 88 39.6* 6.2
GREAT FALLS 12.4 5.6 10.4 4.6 82 36.7 6.3
BILLINGS 1148 9.1 9.3 4.2 79 35.9 6.9
GLASGOW 11.0 4.9 9.3 4.2 46 20.6 4.1
MILES CITY 10.8 4.8 #:3 4.2 n:a. | R.a. n.a.
HAVRE 10.4 4.6 7.0 ! 71 31.7 i
HELENA 1.9 S 3.5 1:5 13 32.6 9.2
KALISPELL 6.9 3 5.2 2.3 82 23.¢ 7.4
MISSOULA 6.5 2.9 3.5 ik 72 32.2 11.8
BOZEMAN 6.4 28 5.8 2.6 66 30.4* ) 10.3

* Based on fastest recorded wind speed gust during the 4 year period
1970-1973. A1l other maximum speeds are based on maximum one minute

gusts during the period 1941-1970

n.a. means not available
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TABLE 6. ANNUAL MEAN POWER AND ENERGY DENSITY

Annual Mean Average Monthly
Power Density Energy Density*
Location W/m2 kWh/m2
LIVINGSTON 305.9 223.5
GREAT FALLS 190.4 139.1
BILLINGS 124.9 91.2
GLASGOW 130.8 95.5
MILES CITY 117.5 85.5
HAVRE 121.5 ~ 88.8
HELENA 68.2 49.8
KALISPELL 54.5 39.8
MISSOULA 44.7 327
BOZEMAN : 42.5 31.0

*Average Monthly Energy Density values are the product of the
annual mean power density and 730.5 hours per month.



TABLE 7

ANNUAL VARIATION IN MEAN WIND SPEEDS COMPARED WITH
ENVIRONMENTAL DATA SERVICE (EDS) THIRTY YEAR PERIOD

3ED§r percent annual variation Al% study per.

m;gﬂ 1966 1967 1968 1969 1970 1971 1972 1973 $San i
LIVINGSTON* 0.2 - z-0.3 &Y 3.9 ‘ 14.1 0.
CUT BANK* 5 1.9 0.6 -9.6 -0.1 3.7 ~&.8:-=0.9 “1.6 0.
GREAT FALLS b =398 a8 g oelae o hol oAl ] ol -5.
BILLINGS 11.4 -6.7 1.6 & .60 289 1.5 25
GLASGOW | T 04 0.5 2.2 =29 =300 < 1¥.0 -0.
MILES CITY 10.0 . 1-880.7- 9.1 8.5 10.8 8.
HAVRE 10.0 2.8 4.5 LA T R T (1 W 4.
LEWISTOWN* 4.9 10.7 0.8 <7.4 " E2s 1.1 --2.6--6.5"_10.1 0.
DILLON* 2:5 1.3 3.7 o «13.85 0.5 4.2 . 6.8 9.1 0.
HELENA 7.9 -8.2 -4.3 b T 430 7.9 -0.
KALISPELL 7.0 3.0.2.3 =19 6.9 -1.
MISSOULA 6.1 -7.4 v 11.3 14.4 6.5 6.
BOZEMAN* : -3.1 L3 5.0 =278 6.4 0.

* annual variation based on study period means

_OL_




TABLE 8

GREAT FALLS MONTANA

DIURNAL VARIATICN IN MEAN SPEED, BY MONTH
TIME OF DAy AM TO PM, SPEED IN MPH

MONTH 1=3 bug T=9 10=12 13 bmg 7=9 - 10e=12
1 128 . 1248 13.3 1540 158 138 1346 13+5
2 4107 1240 122 141 148 1340 11¢4 11e¢
3 1146 1146 1343 161 160 1540 11.5 11.8
b 1143 1240 139 15.:5 162 189 11¢7 1142
5 Se¢? 95 118 12+¢C 130 133 104 Seg
& S5 96 12.5 1248 137 1347 1144 100
7 8eb 8v4 10.1 140 14+8 12.8 1C.2 L X"
& 8¢1 840 9.8 10¢6 116 12+8 9.5 8.8
9 102 10.2 12.¢ 138 146 1346 108 104

10 1140 11¢4 12.9 1854 153 13¢5 11.8 115
11 125 11.9 1243 15¢2 160 1340 12489 12¢3
12 137 1444 1445 163 167 1440 137 1344

MEAN 1049 1140 1244 1349 14¢8 1347 11.6 1140

-'[L..




TABLE 9

GREAT FALLS MONTANA

DIURNAL VARIATION IN MEAN POWER DENSITY, By MONTH
TIME OF DAY AM YO PMs POWER IN WATTS/METER SO

MONTH 1a3 hug 7s¢ 10=12 le3 bmg 7= 10mq2
14 287 252 280 - 387 k27 31¢ 324 296
2 182 17¢ 202 324 366 211 14¢ 15¢
3 188 137 20¢ 360 3s¢ 296 148 143 '
&4 117 148 23K 338 373 343 128 107 o
5 66 90 1h4 188 209 22% 97 66 '
6 74 73 178 189 23y 248 110 72
7 49 45 24 123 16¢ 210 78 42
8 ag &0 a2 120 148 174 64 54
< 87 88 18¢ 227 283 207 . 1060 92
10 119 138 189 307 31y 20s 132 134
11 191 165 192 364 373 227 213 172
iz :

285 288 29k 399 430 esc 27¢ 248

MEAN 138 138 187 274 308 248 164 131




TABLE 10

BILLINGS MCNTA® A

DIURNAL VARIATICN IN MEAN SFEED, BY MONTH
TIvYE CF CAy aAM TC FPMs SFPEED IN MPH

MONTH 1=3 bag Teg 1C0=12 13 Lag 7=9 1C=12
% 1340 13:0 1344 14.2 140 13.4 23,3 13+¢
2 11¢7 11.9 1242 1248 13«0 12.2 12. 4 120 .
3 108 10.9 1148 12+3 131 1241 1C. 4 1Ce5
& 1140 112 12+ 13.2 14 .3 13:5 11.¢C 1Cv3 W
5 101 10.8 1141 11.¢ 12+1 12+:9 1C.¢ 1C.¢c
6 94 1040 1Ce k4 11.0 1.8 1341 11.3 1C.3
7 943 102 10+ € 102 101 11+5 1C.5 Sey
8 Se? 100‘0 T1Cek 905 10+ 4 11«4 9.6 8;7
9 1343 105 ‘0.8 14.2 11+7 1140 1C.0 1Ce1q
10 110 1147 1149 122 12+¢€ 11.8 11.2 1C.8
11 1104 1146 11.9 12.6 12+ 4 11.5 11.2 11.2
12 133 13.5 1246 1346 13 47 12.3 12.2 130

e S

FEAN 1Ce8 1143 11.5 " 1240

-
n
3
-
n
-

n
-
(@)
-

o ]
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TABLE 11

BILLINGS

DIURNAL VARIATICN IA
TIME CF DAY AM TC PMs PCOWER IN WATTS/METER $Q

1=3

183
b 1
99
110
&7
61
54
68
7 A

104

130
175

105

e g

3727
144
95
*ar
91
Ve
67
74
82
113
133
196

1S

7=

1sC
14%
i G,
144
95
Sc
&7
y 7
g7
A 17
137
17¢C

et

MOMNTANA

“NEAN POWTR DENSITY,

10=12

237
176
282
ee?
134
1Cé

76

58
123
158
172
2Cé

150

13

239
195
190
247
i
135

&c

78
133
159
15§
233

165

By MONTH

‘0-6

194
160
13=
227
166
165
114
120
107
118
136
142

149

7=9

£11
181
83
1C4
9¢
1172
1Cer
€4
71
121
1ecC
132

215

1C-12

c1é
14¢

&0

_VL-




MONTH

=
NMPrOoOWRERNI AL W=

MEAN

10e¢Y
10¢0
10¢8§
1412
1040
Se 4
8¢9
98§
98
$e¢9
Seq
Se¢8

DIURNAL VARIATION IN MEAN SPEED,
TiIME OF DAY aAM TO PM,

bug

105
Sed
10¢¢
10«8
1040
S:&
8¢7
8.9
94
9.8
S¢?
9e¢?

9¢9

TABLE 12

GLASGOW

73

9¢6
S$:8
10.8
13.:.3
124
1241
10.7
10:2
10.9
10.1
9¢9
Seb

10.8

10=12

110
10:6
124
1408
13486
13¢3
118
124
1248
1243
114

10¢4.

1242

MONTANA

8Y MONTH

SPEED IN MPHM

1e3

11¢6
108
1245
15:8
13¢7
148
1293
138
140
13+8
1241
108

130

4mg

10e4
113
12+0
151
134
13.8
122
13¢2
1246
143

Se9
10¢2

1241

7%9

1C+7
1C.6
107
1243
10.2
9.9
$:3
105
1CeC
S8
- |
101

1C.3

10=12

1Ceg
1Ce¢
103
118
105
Seg
S+
107
906
SS9
94
Seg

10¢2
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TABLE 13

GLASGOW MONTANA

DIURNAL VARTATION IN MEAN POWER DENSITY, By MONTH
TIME OF DAY AM YO PMs POWER IN WAYTS/METER SO

1=3 "TY3 Y=g 10=12 1ag bmg
128 142 11¢ 142 168 124
io08 110 12¢C 13¢ 133 167
104 113 132 182 ign 177
125 123 217 274 328 28?2
839 93 172 203 233 212
8?2 72 181 183 248 228
66 66 121 140 17s 1é64
75 §7 94 169 2is 194
101 74 124 178 232 183
103 86 141 178 20¢ 149
82 -1 106 1é1 200 9s
g7 103 S 134 139 10¢
L] g5 13¢C 174 20¢ 174

7=9

137
129
121
169
102
10¢
91
98
98
82

119

112

1C=12

140
112
100
149
109

83
82
8é
85
8z
91

102

_91_




MONTH

WS N>

ME AN

1=3

10+ 9
103
102
10e2
1002
Beg
90
9¢5
Se8
10¢ 4
Sed
Se9

Se9

DIURNAL VARIATION IN MEAN SPEED,
TIME CF DAy aM Y0 PN,

hmg

1048
9¢9
10¢2
S8
9¢7
9:0
8.3
848
93
107
96
9.7

TABLE 14

MILES CITY

I=g

110
1014
1043
1144
114
11.7
100

9.0
10.8
104
10.0

94?7

108

10=12

1144
10¢ 4
12.5
148
13¢7
12.3
1447
110
12+8
121
11..9
93

1240

MCNTANA

BRY MONTH

SPEED IN MPH

13

12+3
1140
13+3
187
13¢7
129
12¢6
144
138
1247
123
108

1247

k=g

108
100
114
147
1343
12¢4
12+0
1447
11«7
101
107
10e¢1

1146

759

1Ce 4
1C.3
S8
11.3
1146
1C.8
1040
10+6
$¢8
1C.2
1C«0
1Ce3

1C.o 4

10=12

1140
103
9¢8
118
107
9¢2
941
Sey
1041
107
9.6
10¢2

1Ce2

_LZ-




MONTH

-
OWM DML WND->

- e
n =

MEAN

DIURNAL VARIATION IN MEAN POWER DENSITYs By MONTH
TIME OF DAY AM T0 PMs POWER IN WATTS/METER SO

1«3

140
93
sé
98
90
72

140
72
81
86
82
84

93

h=g

126
92
101
77
76
78
47

60

68
129
94
s2

87

TABLE 15

MILEs CITY

7=8

117
97
S8

128

12§

142
-
S8

12¢

10¢
10C
SC

106

MONTANA

10=12

138
108
183
22é
eQz
185
121
114
178
i8¢
172

83

188

1=3

18¢
113
e1e¢
300
20?7
1658
174
113
239
183
174
12¢

182

bug

14
93
138
287
198
184
180
158
163
Sk
116
87

144

7e9

103
103
s¢
187
149
118
S8
Sé
77
102
8s
94

1C¢

10=42

14¢
107
87
186
2%
75
785
69
87
1¢7
81
1o

98

..8[-




MONTH

WENOOLFr WM =

1e3

104
96
93
92
86
Se1
Tok
6¢9
B8k
8:8
87
9:2

TABLE 16

MAVRE

DIURNAL VARIATICN IN MEAN SPEED,

TIME OF Bay aM TO pM,

kmg 7=9 10=42
10¢7 10.2 1447
9:3 9.6 10¢8
941 9.7 131

10¢2 11.8 1442
88 i1.¢ 1149
8¢9 120 1346
7¢6 10+0 11¢2

é¢? 95 10¢6
8:6 99 12.1
8:6 92 12.2
ek Sk 115
98 98 114

9.0 10.2 12.¢C

MONTANA

BY MONTH

SPEED IN MPH

1=3

124
110
13¢5
1643
132
137
1247
113
132
131
1246
11+§

12+8

hu

141
104
149
142
127
13.8
12+8
112
1241
10e8

9e2

9.8

1147

7°9

1Ce7
S5
Se9
11414
10.8
104
95
8.8
8.8
8¢9
8¢5
9.1

S¢?

1C=12

11.¢
Sey
Seq
1Ce2
Se2
$¢3
75
8:0
Beg
Si3
Se2
S




TABLE 17
MAVRE MONTANA

DIURNAL VARIATION IN MEAN POWER DENSITYs By MONTH
TIME OF DAY AFM Y0 PMs POWER IN WATTS/METER SOQ

MONTH 1=3 bmg V=8 10e12 1e3 bag 7e9 1012
1 140 152 144 187 192 165 184 189
2 145 93 s 168 183 1314 106 111
3 86 88 106 199 219 16¢ S¢ CTo :
4 88 117 15¢ 2%¢ 312 263 134 109 &
5 68 Y2 146 15¢ 21s 182 124 82 '
¢ 68 77 181 222 22s 22z 103 7%
7 &3 51 8s 136 169 167 87 42
R 87 3% 8s 118 138 15¢ 89 62
) 63 64 5¢ 160 209y 150 64 68
10 65 67 91 174 208 119 70 88
14 81 s1 CTe 161 200 90 79 118
12 101 119 112 149 18¢ 98 97 148

ME AN 81 85 115 177 200 i8¢ 100 93




TABLE 18

HELENA MONTANA

DIURNAL VARIATION IN MEAN SPEED, BY MONTH
TIME OF DAYy aM YO PM, SPEED IN MPH

MONTH 1=3 bag 7mg 10=42 i=3 ko g 7=9 1C=12
1 758 7ok 7ok 77 95 8:0 79 84
2 6¢2 61 ¢85 742 84 85 7.2 742
3 68 6:9 o8 9¢3 1449 1418 $:2 7:3
5 704 P01 8.1 111 1349 13:82 Set 8«0
5 602 Se4 68 9.4 142 1146 8.2 7.8
3 69 S¢6 6e6 10+2 12+5 13+2 Se4 78
7 5¢3 543 59 B 112 120 Bt 7.0
8 4e8 42 be8 7.0 99 144 7e4 6eg
9 Be7 Be2 5¢0 7.9 14¢2 122 8.4 7¢2

10 §e¢7 88 B5e¢0 7¢3 101 100 7¢Y 6e9y
59 60 5¢8 5¢8 69 8¢S 80 747 €e2
12 626 642 61 6:3 ek 73 78 7e2

MEAN 62 509 6¢1 8:2 10¢6 1047 8:2 7¢3

-‘[8_




TABLE 19

HELENA MONTANA

DIURNAL VARIATION IN MEAN POWER DENSIYY, By MONTH
TIME OF DAY AM Y0 PMs» POWER IN WATTS/FETER SQ

MONTH i1e3 b=g 78 10=12 les bug 7=9 10=12
1 &1 70 71 87 12¢ 69 78 8s
2 51 50 ag 74 102 94 51 61
3 38 46 3¢ 104 160 149 79 49 ;
& 83 82 84 144 242 199 66 65 R
3 30 29 &3 ‘90 143 132 48 &1 '
6 3k 3z 46 108 178 168 74 49
7 16 20 29 62 132 141 66 37
8 16 11 24 (7Y 97 130 42 37
5 28 - 28 2= 'Y 139 160 48 40
10 24 2¢ 23 70 118 9¢ 52 3¢
11 37 &9 29 62 95 67 56 40
12 B4 43 'Y 51 102 45 53 5¢

MEAN 38 38 &1 80 13¢ 121 8s 80




TABLE 20

KALISPELL MONTANA

DIURNAL VARIATION IN MEAN SPEED, BY MONTYH
TIME OF DAy aM TO PMs, SPEED IN MPH

‘MONTH 1=3 bag 7T=g 10=12 1=3 hug 7=9 iC=12
1 7¢8 749 7¢2 7.9 83 8¢5 8.2 7¢5
2 56 Sed Sel 66 743 6:8 Se9 Se7
3 5e9 6+0 5.9 8¢2 10014 §¢9 6.8 €eg :
& e 5e8 758 104 14+8 12+2 8.4 68 &
5 503 6e1 Bok 96 10+3 102 6.3 55 ‘
¢ 56 6.3 €s? 8e6 103 Se¢7 6:5 LY
7 60 53 7.8 8¢3 9¢8 96 €6 &7
8 hoh 80 64 7:3 Seh 405 6:2 LRy
9 42 443 &9 83 10¢2 10¢s 6ef Begq
10 heot 45 43 Se9 8ok 28 $¢7 48
11 bok §:0 448 Se1 62 Beg 5e¢? oy
i2 65 Ee b 6:C 63 6ok §e¢9 6¢2 62

MEAN §e3 Se6 €3 77 9:0 89 6o Seg




TABLE 21
KALISPELL MONTANA

DIURNAL VARIATION TN MEAN POWER DENSITYs BY MONTH
TIME OF DAY AM TO PMs» POWER IN WATTS/METER 80

MONTH 1e3 k=6 7=3 10=12 l=3 bmg 7=9§
1 igs 143 112 119 118 108 100
2 45 as 42 g2 €S 53 38
3 az 30 31 52 8¢ 74 &7
0 31 32 &7 120 133 is¢ 6%
5 23 3’ 87 78 102 9é 3¢
é 24 23 34 31 39 88 25
7 ez 29 §e 58 72 144 30
8 18 28 27 37 72 1] 31
9 24 17 -1 88 10s S0 3¢

10 26 as 36 42 70 59 38
11 29 ‘37 35 37 43 ] ke
12 69 RL (1. és 8s hé. 48

MEAN 39 43 %7 - 65 8s 1] 48

10=92

107
&4
51
42
e
ek
es
i¢
36
25
33
78

&2

_78_
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1=3

6¢3

&eg
B4
58
5¢5
50
hog
4eS
5e0
Se2
50
B0

5e¢2

TABLE 22

MISSoULA MONTANA

DIURNAL VARIATICN IN MEAN SPEED, BY MONTH
TIME OF BAY aM TO PMs SPEED IN MPH

bag 7=9 10=1¢ 1=3 bsg 7e9 10=12
761 6ok 6:8 7¢8 67 €7 (X,
§e¢2 3.8 ok 4¢8 49 4,7 beg
45 &2 6:3 76 92 746 Seg
5:8 Sed 9.0 114 1301 8+8 6:3
he? 4e7 71 §¢5 1146 S¢7 Seg
bob Ge2 767 ‘95 115 9.3 (XX
hel 4.8 6e2 100 12¢8 1040 5e9
33 37 5¢7 83 125 10414 63
Se1 6§60 6e? 8¢9 100 746 8.2
8,9 bhyo? 6ed 76 8.2 $.7 Segq
46?2 43 5¢2 66 6:8 4.8 560
5¢6 4.8 Se1 LER ) 55 Se1 7
bel o7 6ok 804 Sel 748 Se9

-98_




TABLE 23

MISSOULA MONTANA

DIURNAL VARIATION IN MEAN POWER DENSITYs, By MONTH
TIME OF DAY AF T0 PMs POWER IN WATTS/METER 80

MONTM 1«3 4ot Jes 10e12 le3 bag Je9 1Cm12
1 50 68 £ g1 1014 64 é1 66
2 16 12 18 11 18 &0 2¢ 21
3 &1 20 18 5¢ LT 82 42 29 :
4 35 24 22 80 145 178 60 32 &
5 20 23 18 53 9¢ 127 78 28 '
6 15 15 3¢ 56 88 117 73 28
? 16 12 1¢ 34 103 149 79 26
£ 19 5 ¢ 2s 64 148 100 as
3 20 26 2§ 52 78 84 by 22
10 23 20 20 38 62 62 1¢ 24
11 23 12 13 28 hg 39 20 21
12 29 15 29 30 as 35 24 28

MEAN eé 23 23 ke 75 93 51 30




TABLE 24. COEFFICIENTS AND EXPONENTS FOR THE PROBABILITY FUNCTION

F = aTb
Range of Valadity (hours)
Winds less than Winds less than
6 knots 16 knots Winds less Winds less
than than
Location a b a b 6 knots 16 knots
LIVINGSTON 0.079 -2.105 0.019 -1.26 1-22 1-50
GREAT FALLS 1.25 -2.28 0.00459 -1.09 3-60 3-150
BILLINGS 7.51 -3.17 0.0310 -1.043 3-39 3-150
GLASGOW 4.56 -2.75 0.0265 -0.944 3-50 3-150
MILES CITY 5.87 -2.95 0.0130 -0.737 3-40 3-150
HAVRE 3.36 -2.52 0.0240 -0.888 3-55 3-150
HELENA 112 -1.97 0.0173 -0.953 3-150 3-150
KALISPELL 0.797 -1.87 ~3-100
MISSOULA 0.594 -1.78 : 3-100
BOZEMAN 0.424 -2.40 1-50

_18_
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TABLE 25.  TABULATION OF FIGURES AND TABLES AVAILABLE
FOR EACH LOCATION

A B C D B i G
LIVINGSTON 5 19 25 46
CUT BANK 26
GREAT FALLS 6 16 27 38 8 9 47
BILLINGS 7 17 28 39 10 11 48
GLASGOW 8 18 29 40 12 - 13 49
MILES CITY 9 19 30 41 14 15 50
HAVRE 10 20 3l 42 16 17 o
LEWISTOWN 32
DILLON a3
HELENA L 21 34 43 18 19 52
KALISPELL 12 22 35 L4 20 21 53
MISSOULA 13 23 36 45 22 23 54
BOZEMAN 14 24 37 b

Figure or Table
A. SPEED DURATION CURVE
B.  POWER DURATION CURVE
C.  SEASONAL VARIATION IN MEAN WIND SPEED AND POWER DENSITY
D. DIURNAL VARIATION IN MEAN WIND SPEED AND POWER DENSITY
E.* DIURNAL VARIATION IN MEAN SPEED, BY MONTH
F.* DIURNAL VARIATION IN MEAN POWER DENSITY, BY MONTH
G.  PROBABILITY OF OCCURANCE OF NO-ENERGY TIME SPAN

* Refers to Table numeration. A1l else are Figures.
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TABLE 26. INCREASE IN POWER DENSITY WITH HEIGHT OVER
FLAT OPEN COUNTRY

Height % Increase in
Meters Feet Power Density
10 32.8 reference height
15.2 50.0 29
20.0 65.6 52
22.9 75.0 64
25.0 82.0 7
30.0 98.4 93
3.7 104.2 100
35.0 114.8 112
40 131.2 130
45 147.6 147

50 164 163
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TABLE 27

TABULATION OF THIRTY WIND-ELECTRIC GENERATORS

SYSTEM DIAMETER
AEROWATT 24 Fp? 1400
AEROWATT 150 Fp? , 2400
WINDCHARGER ‘ 263
BUCKNELL

AEROWATT 30C ppYy 2e20
SENCENBAUGH (AWES) Poki
AERCWATT 1100 fp?7 €eCO
Ei EKTRO WV 156 2400
KEDKO 1200 3666
HELION 12 FTR Seb6
DUNLITE 2000 3e€6
WINDWORKS (AWES) 3eé g
DARIUS VERTICLE AXIS 3066
WINDWORKS W JACOBS CEN 3066
JACOBS WeE* 3000 44857
HELION 16 FTR 4e8R
AEROWATT 4100 Fp? Se80
WINDWORKS POWR AT BLADES 3666
ELEKTRO WV 38g 4e39
ELFKTRO WVGE0a BeCO
HUTTER WE 10/a6¢ 1Ce00
DanisH MILL 8400
BRACE AIRSCREW 978
MUTTERwALLGAIER LCW RANGE 35400
MUTTER=ALLGATER MID RANGE 35400
HUTTERmALLGAIFR HI RANGE 35¢CC
GOULDING S 100 kW 18429
ANDREAUSENFIELD 24400
THE GEDSER MILL 24400
NASA 100 KW SYSTEM 3780
HUTTER S 100 kW

PUTNAM REVISED DESIGN 53434

CAPACTTY

Cs0is
0s10C0
Ce200
Ce228
0e2758
Ceg00
14400
1.20¢
1.200
2.000
2.000
2:,000
2.000
3.000
3.000
3.500
44400
4+800
4,500
6+0CC
6000
13.0C0
25.000
90.0CC
90.000
s0.0C0
100,000
100.000
200,000
100.000
100.000
1500.000

* ECONOMIC ANALYSIS AVAILABLE FOR THESF SYSTEMS

ODIAMETER IN METRES J CAPACITY IN KILOWATTS
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TABLE 28

NUMERATION USED FOR LOCATIONS IN ENERGY OUTPUT TABLES

1 LIVINGSTON
% GREAT FALLS
3 BILLINGS

4 GLASGOW

5 MILES CITY
6 HAVRE

7 HELENA

8 KALISPELL

9 MISSOULA
10 BOZEMAN
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LIv
«01C
Ce4
« 095
056
165
0318
«60C
481
426
512
577
«540C

1.570
804
1.251
+9500
2:18¢
1.180C
1.239
1.67¢C
2+35C
3297
4,781
30.778
38.Ca¢
444300
18+165
9987
410478
43.589
52484
1364976

GeFo
«C1C
059
«C78
045
+188

« 280
+501
«373
0323
372
o416
«396
1.067
584
+870
o655
1.825
«B68
912
1234
14788
2290
3.31C
23.128
29.498
36.810
11.692
5895
2R.832
32.192
43,651
79.402

REAL TEN LCCATICNS ACROSS In COLUMNS

REAC THIRTYeTwO WIND SYSTEMS pOwN BY ROW

BILL

o C4C
«C58
+C?14

« 039
«152
0216
2478
«317
e26C
e271
¢311
*29C
0742
oh2p
¢833
LY 1]
17314
0643
o686
839
1+50%
1725
2413k
200482
25519
33095,
6elg4
2577
200674
27487

hioii&'
294863

TABLE 29

MFEAN POWFR CUTPLT IN «W

GLAS
«01cC
+C57
«C70
+C39
«150
219
465
«322
«269
0287

* 329
«309
0768
453

e 843
«508
1693
e 681
«722
«S84s
1840
1814
2e348
2C+515
25745
33:54¢
7+570
3+167
21.932
27813
40+311
38.721

rvILC
«CC9
«C56
«C65
«037
o146
«198
«433
«291
241
251
«282
27C
670
«395%

W 764
445
1.577
602
«638
B74
1.384
1.83¢
1.988
18,375
23.188
31.640
6,124
2.%562
18.879
244240
37.327
3C.73¢

MAVRE
«C0S
'oCK2
«CE5
«C3€
e14C
204
428
«30C
«25C
266
«307
284
«707
o418
0786
o4?C
1.5658
0632
67
«91C
14437
14717
24156
19,205
23.958
31.08C
74142
2¢924
20.48¢€
26.188
37.00¢
35.157

HELNA
«CO6
eC34
+C38
021
sC98
e118
+253
172
143
0147
e168
158
386
0232
45C
261
«923
0362
0374
+513
«823
+930
1159
11.062
13.670
18+66C
34629
1¢418
11119
140647
21805
16825

KAL
«008
031
«033
018
+C8S
€96
222
«140
o114
418
«129
125
0299
«4181
0366
+ 204
811
286
«295
«4C8
1658
«6€3
882

8708
11.491
18.954

24299

91K

ReiSa
11.211
19.082
10680

»SLa
«CCS
027
27
ok 8
«CB8C
082
0184
«118
+CS¢
«CSs
«11C
100
o243
e148
‘e309
167
67C
24C
241
333
864
€614
71C
7.691
Fekby
13.32¢
1.98¢
0204
7.219
1C.21¢C
15,£8C
7.232

BG2
«CC5
oC27
C24
Cl4
«C78
076
«167
«1C2
+ 083
«085
«CS2
«CSC
0224
133
«280
151
0607
223
221
«308
o243
505
0629
€368
8«328
12.98¢
1.788
e 689
60175
8¢4173
14098
7529

D0 EWN >

_26_




W N LW

LIv

b 4

46

69

4C
12cC
232
438
351
311
373
421
39a
1147
587
913
657
1597
861
90s
1219
171¢
2408
3482
22483
27792
32361
13268
7285
30300
31841
38339
100060

GeFoe

43

57

32
112
182
365
272
235
271
303
285
778
426
708
478
1332
634
666
801
1313
1672
2418
16894
21547
26885
8540
4306
21061
23516
31886
58003

READ TEN LOCATIONS aCRQOSS IN COLUMAS

MEAN MONTHLY ENERGY OUTPLT IN KwK

TABLE 30

READ THIRTYeTwO WIND SYSTEMS pOwN BY RCw

BILL
7

42

51

28
110
158
347
2341
i9¢
198
227
211
520
312
608
350
1264
469
501
686
1093
1260
1559
14962
18641
24803
4736
1882
15102
20078
3003¢
21815

GLAS
é

41
51
2s
109
18g

33s-

235
196
209
240
eas
558
330
615
371
1237
497
527
718
1125
1325
1718
1458¢
18807
24508
§529
2313
16021
20317
29447
28286

r»IC

é

40

47

26
10¢
145
316
212
17¢
183
206
197
488
288
558
324
1152
433
466
638
1010
1122
1452
13422
16938
23113
4473
1871
13791
17707
27267
22452

FAVRE
€

38

47

2%
101
149
aTe
218
i82
194
224
207
516
308
$23
343
1138
461
487
665
1049
1254
1574
14028
17501
22681
5217
2136
14564
19130
27032
25682

273
374
601
679
B4k
808C
9986
1363C
2650
1C36
8122
10699
15928
12071

KAL

22
-
13
b4
7¢
162
1C2

84
94

2ig
132
267
149
892
208
21§
29%

480

484
684
6361
8175
11654
1679
668
6178
8189
13939
7801

121
489
175
17¢
243
4114
hhg
518
5617
6858
9734
1451
513
5273
7458
11453
5282

224
374
368
453
4651
6083
948¢
130¢
803
4510
6145
1029¢
54S9

DI AEWN -
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L
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PN NN
Fw@WN >0

a5

Llv
91
553
834
487
1444
2785
5259
4219
3734
4487
5053
4736
13764
7047
10963
7882
19166
1033s
10862
1463¢
20€C3
28908
41909
269802
333513
388335
159233
87542
363600
382101
460074
saseee

GeF o

85

547
684
3se2
1385
2189
4389
3266
2827
3257
3643
3474
9352
5115
8502
5737
15995
7640
7896
10813
15757
20072
29017
202739
258575
322672
102489
51679
252738
282196
3p2643
6c6039

TABLE 31

MEAN ANNLAL ENERGY CUTPLT IN Kuwk

READ TEN LOCATICAS ACROSS IN cCLUMNS
READ THIRTY=TwC wIND SYSTEMES CCwkN BY RCw

BILL
84
€10
623
342
1328
1896
4164
2778
2280
2377
2727
25413
6241
3749
7298
4210
15174
5636
6013
823k
13193
15121
18716
179546
22369¢
297637
56837
2258¢
181231
240946
360438
261781

GLaAS
83
498
€47
341
1317
191¢
4C74
2822
235g
2519
2883
2708
6703
3568
7386
4455
14848
§972
6329
8626
138C1
15901
20581
179835
225684
294C60
66358
27759
192259
243804
353369
339432

MIC

81

487
5§72
321
1282
1743
379«
2552
211¢
2203
2472
2367
5872
3464
6700
3897
13824
8274
5595
7664
12127
13467
17430
161074
2C3265
277359
53684
22458
165495
212486
329207
269434

HAV

76

458
£6¢€
311
1223
1788
3748
2628
2195
2328
2691
2491
620C
3666
€885
4118
13657
5539
5846
758C
12585
15C48
18897
1¢8353
210017
272183
€2604
25632
179578
229564
324385
308184

HEL
51
301
332
185
854
1034
222C
1511
1255
1292
1475
1387
338%
2030
3945
2284
809C
3174
328C
4497
7217
B148
10156

96967
119834
163571
31g1C
12432
97473
128394
191142
144856

KAL
46
275
28g
161
778
BA4
195C
1229
987
1c1cC
1128
1095
2617
1588
3212
1788
741Cs
25C?
2588
3547
5768
58Cs8
7728
76338
981C2
139853
20154
8C24
74443
98271
167272
33616

Mis
3s
232
234
128
697
718
1611
1037
B3g
825
961
g7k
2131
1287
270k
146C
5871
2108
“211¢
2923
494C
5381
6220
67418
g2782
11¢811
17412
€167
63282
89498
137447
&3392

BC2
AC
233
213
124
682
663
1461
S4¢6
222
747
8icC
782
1961
1166
2458
1320
5324
1857
1934
2696
4495
4422
5510
55819
73002
11383¢
15676
6C3s
54127
73748
123563
65997

DB NN A W N W

-76..




VRN RSFrFwNn -

LIv
6946
6348
4746
2447
5949
354
45
4041
35.5
25.6
28.8
27.0
78+5
268
4147
2547
5§33
262
278
278
39.2
2745
19.1
34.2
423
492
18.2
1040
20.7
4346
5245

9.1

Kw MEAN QUTPLT / kw INSTALLEC CAPAcITY,
REAC TEM LOCATICAS ACROSS IM
REAC THIRTY=TWC wIND SYSTEMS COwN BY RC.

GeF e
6542
59,0
39.1
1949
E642
2747
45.5
31.1
2649
1846
2C.8
19.8
5§3.3
195
32.3
1847
44,5
19.3
20.3
20.6
3C.0
19.1
13.2
2547
32.8
40.9
11.7
5.9
144
32.2
43.7
5.3

BILL
CEXY)
582
35,5
174
5541
24.C
43.2
Phek
2147
13.6
1%.6
1445
35.6
1443
27.8
13.7
4242
1443
15,2
1%.7
25.1
1464
8:5
2248
284
3747
65
2¢6
1043
27.5
LS WS
2.0

PERCENT SPECIFIC OLTpPLT

GL A
634
%649
3542
17.3
S4.6
2443
4243
26.8
2244
1444
1644
1544
38.2
15.1
2841
14.8
4143
1844
1640
16¢4
2547
1544
ek
2248
2846
3743
746
3.2
1140
278
4043
246

- 95 -

TABLE 32

m»IC
6201
-‘—516
3246
16¢3
539¢2
;2.1
3944
2443
201
1246
1401
1345
335
13.2
28¢5
1247
3.5
134
1402
14¢6
231
1248

g.O
2Ceé4
2548
3%.2

6-1

246

CE
Pheld
3743

2.0

HAVR
583
§2.3
3243
15.8
507
2247
38:9
2540
20.9
13.3
154
142
354
13+9
262
134
380
1440
1448
1852
24.0
143

8:6
21+3
266
345

744

g9
10.2
26.2
3740

23

HEL N
38'9
34,4
19,C
9I~
35,5
13,1
23,0
14,4
11.9
74
8.4
7.9
19.3
747
15,0
744
2245
8,0
8.3
8,6
13.7
7.7
4,6
12.3
18,2
20,7
3.6
Sl
5.6
14,6
21.8
1.1

KAL
35.¢
314
16+5%

8.2
32+3
1047
2C.2
117

945

E.p

Eok

63
149

60
12.2

5.8
158

bk

66

607
110

5.5

3¢5

Se7
124
1737

2+3

*9

42
11.2
191

7

PESCENT
COLUMNE

~SL‘
30.4
6.5
13.4
645
28.8
9.1
1647
9.9
8.C
4.7
5.5
5.C
12.2
4¢9
1Ce3
4,8
1643
5.3
Sed
5.6
St
5.1
2.8
8.5
1Ce8
14,8
2.0
o7
3.6
1C.2
187
5

BC2
31.1
2647
12.2

653
2843

Baed
15.2

S0

7ok

be3

h.e

e -

112
baok
9.3
4,3

1448
5.C
4,9
Se1
8.8
4.2
2.5
741
9.3

1he4
1.8

o7
3.1
Baoh
1441
5

VNN EWN -
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LIv
6103
5596
4174
2167
5282
3106
4781
3516
3112
2243
2526
2368
6882
2349
3654
2258
4674
2297
2413
2439
3433
2408
1676
2997
3708
4314
1592

875
1818
3821
4600

800

SPECIFIC

GeFoe
5711
§172
3423
1744
4928
2432
3990
2722
2356
1628
1821
1737
4676
1708
2834
1639
3901
1691
1727
1802
2626
1672
1160
2252
2873
3588
1024

516
1263
2821
3826

4b4

REaC TE~
REAC THIRTYaTWC WIND

BILL
Seé64
5105
3118

1822

4R32

2107
3786
2318
1900
1188
1363
1271
3120
1249
2432
1203
3700
1282
1336
1372
2198
126C

748
1994
2425
3307

568

225

906
2408
3604

174

ENERCY CLTPLT

LCCATICNS
GLa »IC
£558 5443
499C 4870
30ga 2860
1517 1429
“789 4665
2129 1937
3703 3449
2382 2127
1965 1763
12589 11C1
1441 1236
1354 1183
3381 2936
1322 1154
2462 €233
1293 1113
362C 3371
1327 1472
1406 1243
1437 1277
228C 2021
1328 1122
823 697
1998 1789
25C7 2258
3267 3081
663 536
277 224
961 827
438 2124
38533 3aje
226 1729

R Oh

TABLE 33

AC®Q0SS In COLUMNS

I~

KuFH/ANNUMZK Y

SYSTEMS cCwN BY RCOw

HAVR
51Cg
4580
2832
1376
44?7
1987
3407
2190
1829
1164
1345
1245
31Co
1222
2295
1176
3331
1231
1299
1330
2099
124

7%5
187¢
2373
aC24

626

25¢

8597
2295
3243

20s

RELN
3412
3042
16¢2
823
31¢8
1149
2018
1289
1045
646
737
693
1692
676
1318
és2
1973
708
729
749
1202
679
406
10927
13131
1817
318
124
Lg?
1283
1911
96

KAL
3122
2758
14462
718
2830
938
1772
1024
831
508
564
547
1308
529
1070
510
1732
557
578
5§91
961
484
309
848
1090
1553
201
80
370
982
1672
62

MSLA
2662
2324
1121
571
2536
799
1465
864
698
412
48C
437
106€
432
901
417
1432
467
47¢C
487
823
448
248
749
918
1297
174
61
316
894
1374
42

BC2Z
2728
2338
1Ce9
554
2482
737
1328
788
648
373
408
39¢
9scC
388
848
377
1298
438
429
busg
749
38
22¢
€20
811
1264
1K¢
6C
270
737
1235
43
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60 &)
S.7
1449
2645

15.0
49.9
223
49.8
2946
3546
4001
3746
69.9
559
5546
35.2
21.2
82.0
£9.7
6240
21.9
4749
LY-XY.]
2304
28495
33.8
505
1641
6740
2844

bheo8

By (P

TABLE 34

MEAN MONTHLY ENERGY OUTPUT PER ULMNIT aAREa

GeFe

9.0
1347
2147

14.0
39.1
18.6
38.6
22+ 4
25.8
28.9
275
47.5
4046
43.2
2846
17247
60.3
4349
45.8
1647
33.3
324
17.6
2244
2749
328
9.5
)
21.0

26.C

KWH/MONTH=M2

READ TEN LOCATIONS
READ THIRTY=TWO WwIND

BILL

9.0
13.8
1947

13.8
33.8
177
32.8
1841
1849
2146
2042
3147
29.7
37.0
18.8
168
hi,o?
33.0
3445
14,0
25,1
2049
15,6
19¢4
2%.8
18.0

he?
33.:4%
179

9.8

GLA
8.8
13.2
19.6

1347
3442
17.3
3343
1847
2040
22.9
215
34.0
31.58
37.8
1949
1644
4704
34.8
3646
14.3
2644
2340
15.6
1945
25.5
21.1

5.1
385.4
1841

1247

mIiC
Reb
1249
181

13.3
3141
1604
301
1648
178
1946
188
2948
2745
3440
174
18.3
4148
307
32.+5
1249
2243
195
1440
1746
2440
170

4ol
305
1%.8

1040

ACROSS IN COLUMNS

SYSTEMS pOwN BY ROW

HAVR

81
1242
1749

1247
31+9
1859
31+0
174
18+5
2143
19+8
31+8
2941
349
184
15.14
43+9
3244
33+8
1304
2449
2141
1446
18.2
2346
199

he?
33414
17414

118

HEIN
Sea

KAL
49
73
9.1

81
15.4
8.3
145
79
8.0
$+0
87
13.3
1246
163
8:0
7.8
19.9
142
15.0
61
S8
8¢6
66
85
12.1
X
15
1347
743

35

MSLA
4e2
6.2
7ok

7.2
12.8
6.8
12¢2
647
65
746
649
10.8
10.3
1347
65
645
1647
11.6
1244
52
8+9
6¢8
5.8
7.2
10.1
5.5
1.1
1147
646

2.“

B02
4¢3
642
6.8

741
11.8
62
11.2
6.2
Se9
6ok
6+¢3
1C.C
Se3
12.8
5.8
5.9
15.5%
10.¢
11.4
he8
7.3
62
boB
6¢3
S8
5.0
1414
1C.¢C
5.5

245

VENCWmEWN -
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TABLE 35. "LOAD 1" - DISTRIBUTION OF ENERGY USE
FOR AUTHOR'S FAMILY OF FOUR
iie % of kWh of Energy in 3-Hour Period
of daily  JAN MAR MAY JUL SEP NOV
day Toad FEB APR JUN AUG oCcT DEC
MN-3 3 0.361 0.282 0.182 0.187 01287 " D305
3-6 6 0.722 0.564 0.365 0.375 0.574 0.610
6~9 . 25 3,008 '« 2.35] 1.521 1.562 2.392 2.540
9-12 12% 1.504 1.175 0.760 0.781 1.196 1.270
MD-3 6 0.722 0.564 0.365 0,375 0.574 0.610
3-6 20 2.407 1.881 1.216 1.249 1,813 2.032
6-9 15 1.805 1.410 0.912 0.937 1.435 1.524
9-12 12% 1.504 - 1.17% 0.760 0.781 1.196 1.270
TABLE 36. "LOAD 2" - DISTRIBUTION OF ENERGY USE
FOR AVERAGE MONTANA RESIDENT -
time % of kWh of Energy in 3-Hour Period
of daily JAN MAR MAY JuL SEP NOV
day load FEB APR JUN AUG 0CcT DEC
MN-3 0.865 0.673 0.436 0.448 0.686 0.730
3-6 1,730 1.345 0.871 0.897 1,317 1.461
6-9 25 7.207 5.606 3.630 3,787 95143 6.086
9-12 12% 3.604 2.803 1.815 1.869 2.856 3.043
~ MD-3 6 1.730 1,345 0.871 0.897 1.871 1.461
3-6 20 5.766 4.485 2.904 2.990 4.570 4.869
6-9 15 4.324 3.363 2.178 2.242 3.428 3.652
9-12 124 3.640 2.803 1.815 1.869 2.856 3.043
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TABLE 37. LOAD FACTORS FOR INDEPENDENT SYSTEMS
OPTION WITH "LOAD 1" AND "STOR 1"
STORAGE SIZE
System # Missoula Helena Havre Billings Great Falls
2 0.067 0.086 0.131 0.146 0.148
3 0.067 0.095 0.162 0.178 0.196
5 0.199 0.244 0.347 0.377 0.384
6 0.201 0.285 0.482 0.521 0.584
7 0.382 0.513 0.736 0.825 0.804
8 0.280 0.394 0.621 0.680 0.712
9 0.231 0.337 0.557 0.597 0.663
10 0.225 0.342 0.567 0.602 0.680
11 0.254 0.372 0.595 0.630 0.685
1e 0.236 0.357 0.574 0.617 0.684
15 0.593 0.780  0.952 0.976 0.958
17 0.762 0.901 0.990 0.995 0.981
19 0.524 0.726 0.933 0.964 0.957
20 0.626 0.821 0.973 0.982 0.972
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TABLE 38. LOAD FACTORS FOR INDEPENDENT SYSTEMS OPTION
WITH "LOAD 2" AND "STOR 1" STORAGE SIZE

System # Missoula Helena Havre Billings Great Falls
2 0.028 0.036 0.055 0.061 0.062
3 0.028 0.040 0.068 0.075 0.082
5 0.084 0.103 0.146 0.159 0.162
6 0.086 0.123 0.211 0,425 0.259
7 0.188 0.258 0.428 0.482 0.505
8 0.123 0.177 0.306 0.326 0.381
9 0.100 0.148 0.257 0.269 0.331
10 0.098 0.151 0.269 0.278 0.370
11 Q.113 0.171 0.305 0.315 0.403
12 0.103 0.162 0.284 0.295 0.386
15 0.305 0.432 0.684 0.745 0.774
17 0.526 0.687 0.893 0.948 0.918
19 0.242 0.366 0.607 0.644 0.724

20 0.325 0.476 0.728 0.784 0.815
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TABLE 39. LOAD FACTORS FOR SHARED NETWORK
OPTION WITH "LOAD 1"

SYSTEM # Missoula Helena Havre Billings Great Falls

2 0.064 0.083 0.126 0.141 0.143

3 0.064 0.090 0.152 0.168 0.184

5 0.185 0.225 0.314 0.343 0.349

6 0.154 0.214 0.349 0.396 0.433

| 7 0.232 0.324 0.501 0.600 0.611
1 8 0.185 0.256 0.411 . 0.479 0.510
\ 9 0.163 0.226 0.368 0.421 0.461
10 0.149 0.210 0.350 0.403 0.445
\ i, 0.148 0.208 0.350 0.402 0.446
12 0.155 0.219 0.362 0.419 0.460

15 0.254 0.361 0.546 0.664 0.663

17 0.319 0.441 0.640 0.779 0.754

19 0.230 0.324 0.501 0.604 0.615

20 0.257 0.365 0.550 0.670 0.668
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TABLE 40. LOAD FACTORS FOR THE SHARED NETWORK
OPTION WITH "LOAD 2"

SYSTEM # Missoula Helena Havre Billings Great Falls

2 0.027 0.035 0.053 0.059 0.060
3 0.027 0.039 0.066 0.072 0.079
5 0.081 0.099 0.141 0.154 0.157
6 0.079 0.112 0.189 0.205 0.232
7 0.154 0.211 0.343 0.390 0.410
8 0.106 0.150 0.254 0.279 0.317
9 0.088 0127 0.217 0.235 0.277
10 0.083 0.123 0.214 0.231 0.285
11 0.092 0.133 0.234 0.253 0.307
12 0.087 0.129 0.223 0.243 0.298
15 0.189 0.265 0.424 0.500 0.528
17 0.260 0.364 0.550 0.665 0.665
19 0.159 0.224 0.369 0.425 0.465
20 0.190 0.266 0.426 0.501 0.529
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TABLE 41.  ANNUAL NUMBER OF DEEP CYCLES IN A
STORAGE SYSTEM FOR AUTHOR's LOAD
SCHEDULE
Sys-
tem# STOR 1 STOR 2 STOR 3
MSLA HAVR GF MSLA HAVR GF MSLA HAVR GF

2 2911 2878 2887 2911 2878 2887 2910 2878 2887
3 2871 2751 2726 2871 2751 2725 2871 2750 2725
R4 ) 2400 2309 2724 2399 2308 2723 2398 2308
64 2812 1736 1504 2510 1697 1447 2509 1690 1433
7 1856 850 659 1754 624 451 1714 520 353
82223 1235 1023 2209 1078 833 2207 1007 732
9 2409 1472 1213 2405 1368 1052 2403 1330 973
10 2388 1394 1118 2382 1266 909 2378 1212 806
11 2242 1253 1049 2223 1074 831 2220 981 706
12 111 2351 1375 1109 2338 1211 889 2335 1129 771
16:+° 1095 133 110 972 &4 47 924 20 39
17 615 26 48 471 3 24 385 0 17
19 %1336 190 113 1259 76 49 1229 32 39
20 983 71 71 880 22 35 825 6 24
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TABLE 42.  ANNUAL NUMBER OF DEEP CYCLES IN A
STORAGE SYSTEM FOR AVERAGE MONTANA
RESIDENTIAL USE LOAD
SYS-
TEM# STOR 1 STOR 2 STOR 3
MSLA HAVR GF MSLA HAVR GF MSLA HAVR GF
2. 12922 2921 2921 2922 2921 | 2921 2922 2921 2921
3 12922 2915 2918 2922 2915 2918 2922 2915 2918
5. 2909 2868 2862 2909 2868 2862 2908 2868 2862
o, . 2831 2625 2559 2831 2625 2558 2830 2624 2624
& EndA 1998 1937 2553 1975 1920 2653 1964 1913
8 2741 2351 2246 2741 2343 2243 2740 2343 2242
9 2806 2494 2383 2805 2493 2382 2804 2492 2382
10 &790 2414 2189 2790 2404 2168 2788 2404 2166
11 2724 2267 2047 2723 2247 1998 2722 2241 1985
| 2366 2135 2772 2346 2093 2772 2343 2082
15 " 2109 996 771 2098 848 587 2095 805 487
17 1341 318 234 1185 169 130 1123 96 85
19 2339 1267 969 2332 1140 776 2329 1095 671
20 2041 841 619 2025 665 420 2019 593 318
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TABLE 43
DESCRIPTION OF ECONOMIC PARAMETERS
THE FOLLOWING 24 PAGEs CF OUTPUT

CGIVE THE COSTS IN CENTS PER KWK
CF ENERGY DELIVERED YO A RESIDENTIAL LOAD
BASED ON 1974 U*Se DOLLARS
FOR EACH OF 14 SYSTEMS AT 40 LCCATIONS

THE CONDITIONS ARE LISTED AS FOLLOWS!

AR R L L Y Y T Y T LTI IIL

* 1 & 13 LOAD ¢ STOrR 1 LIFE 20 ¥
* 2 8§ 14 LOAD 4 STOR 1 LIFE 18 L
% 3 8§ 18 LOAD ¢ sTor 1 LIFE 10 4
¥ 4 & 16 LOAD 1 sTorR 2 LIFE 20 ¥
% 5 & 17 LOAD 1 gTorR 2 LIFE 18 L
» 6 & 418 LOAD 4 STOR 2 LIFE 10 *
¥ 7 & 49 LOAD ¢ sTor 3 LIFE 20 »
" 8 § 20 LOAD 14 STOR 3 LIFE 18 »
¥ 9 & 21 LOAD 1 §TOR 3 LIFE 10 X
» 10 8§ 2?2 LOAD ¢ sTor © LIFE 20 L]
& 11 § 23 LOAD ¢ STor © LIFE 18 »
" 12 § 2% LOAD 1 gT0rR © LIFe 10 »
MR R Y Ty L Iy F Y Y P L S STy

REPEAT AGAIN FOR LOAD 2 TO OBTAIN CONDITIONS 13224

THE VARIABLES ARE!
LOAD 1! LO0AD SCHEDULE FOR ALTHOR S FAMILY OF FOUR

LOAD 2! LOAD SCHEDULE FOR AVERAGE MONTANA RESIDENT
STOR 1! STORAGE CAPACITY AS IN APPENDIX B

STOR 2¢ STORAGE CAPACITY TWICE STOR 1

STOR 3! STORAGE CAPACITY 3 TIMES STOR 14

STOR 0! NO STORAGE, SHARED GRID SYSYEM USING

THE 8 KW INVERTER AVAILABLE FROM WINDWORKS
LIFE 20t 20 YEAR LYFE ON gYSTEM AND TOWERs 40 ON Res?
LIFE 18t 18 YEAR LYIFE ON gYSTEM AND TCWER» 10 ON REST
LIFE 10! 10 YEAR LIFE ON ALL COMPONENTS
EXCEPTION! 20 YR LIFE ON ® kW INVERTER FOR AlLL CONDITIONS




10
11
12
15
17
19

20

LIv
545
62
2243
60
269
6:9
Seb
3.7
1244
35
21+9
B86
2245

321

GeF e
§S.0
7e8
237
7¢8
31.2
8.9
740
Se0
15+5
hes
193

600

. 228

342

TABLE

ECONOMIC SECTION!
BILL @LAS MIC
59¢7 61.1 626
8¢3 © 8.3 9.0
24+2 24¢4 2541
8ok Bek 93
30«4 3142 3346
93 9¢3 10.5
748 747 87
56 ek 63
16¢8 16+3 1S4
50 48 5¢6
18:9 18.4 19.9
59¢1 B7.4 58.8
226 21.5 2444

33¢9 32.0 35.¢

44
CONDITION # 1
HAVR HELN KAl
€6¢6 10161 11044
9¢1 15.5 17.8
263 37.2 41.1
9¢1 414.9 18.6
34¢1 4140 54,3
102 48.1 19.1

8e4 1443 17.1.

60 9.7 12.3
178 27.1 35.6
5.3 8.8 1044
19¢4 23.7 2¢.2
59¢5 £5.4 6£3.8
23+3 30.0 3441

34+2 4046 43.9

MSL A
13C.9
21.9
45.8
21.9
€57
22+6
20.3
15414
1.9
13.1
31.1
77.2
1.7

§3.3

B0Z
1301
2440
k68
237
2245
2448
2149
167
4947
144
3403
852
4807

5§78

10
14
12
18
17
19

20

%901~




11
12
15
17
18

20

LIv
6546
76
2847
742
32«4
Beb
65
440

151

238
7040
263

351

GeFo
7140
9.2
30.6
91
3748
10.9
8ok
Se4
188
be8
21.0
716
256
374

TABLE

ECONOMIC SECTION:

RILL
7149
102
31.1
102
36:6
1144

Seh

61
2085

5¢3
2046
705
255
37.0

GLAS
73.5
10.3
314
10.2
37.6
1144

9.2

§¢9
19.8

Se1
20.1
6846
242

349

MIC
75¢4
1141
32.3
11.3
4045
12.9
1044

6¢9
236

6:0
217
70.2
278
38.8

45

CONDITION #

HAVR WELN
80+1 121.7
14«2 149.0C
33+9 47.3
110 18.0
440 494
125 22.3
100 17.1
6'§ 10.6
21¢7 33.0
57 S
21+1 25.8
740 978.1
26+3 33.9
37¢3  44%.3

2
kAL
132.9
21.9
§2.9
22.5
6544
2346
2044
13.:58
43,4
1141
2846
762
38.5

4749

¥SLA
18746
26.5
59.0
264
79.2
27.5
242
16.5
51.0
1440
33.9
2.2
471
58.2

154
3744
10147
§1:5

6341

i0

11

i2

15

17

is

20

S EOL




11
i2
15
17
19

20

LIv
877
10+ 4
415

97
330
11.8

8.6

o7

205

278
92¢7
310

4009

GeFo
949
127
bhe2
12.2
503
151
112

6:3
2546

Sed
2hok
9439
314

4346

TABLE

ECONOMIC SECTION!

BILL
g6s2
13.9
45.1
137
491
15.8
12¢4

7.2
279

60
2440
§3:95
313

432

GLAS
984
141
4545
13.7
S04
15.8
12.2

6.9
26.9

5.8
234
90.9
297
407

MIC
1C0.8
15.2
467
16.2
543
178
13.8
840
3241
6.8
25.3
9340
3347

450 4

46

CONDITION #

HAVR

HELN

3

kal

MSLA

802

1C7:2 16248 17748 21048 209.5

15¢4
490
1.2
5§50
17.3
133

748
29:5

6ok
2446
41
32.2

4346

26.1
69.3
242
6641
3047
2246
124
44%.9
10.6
3041
103.5
4145

51.8

30.0
7646
30.3
8747
32.5
271
1847
59.0
1246
33.3
101.0
47.2

56.0

37.0
85.5
35.6
1061
384
32.2
18.2
653
16.7
3946
122.2
§7.7

6745

4045
873
38¢6
11659
4242
347
213
g82.2
174
4346
134.8
6341

7346

10
19
12
15
1?7
1s

20

~-80L =




a1
12
156
17
is

20

LIv
5§73
8:0

243

67
S
1404
55
2402
6746
2646

3902

GeFe
620
97
25+9
93
3246
10.2
87
7.2
179
607
234
70.5
26+8

4242

TABLE

ECONOMIC SECTION!

BILL
6248
10.+7
26+5
1046
31.9
108
4100

8:5

20.C

23¢2
702
26+8

42+1

GLAS
643

1C.8

224

6749
25.2

39.6

MIC
659
116
27 ¢ 4
11.6
3448
12.+1
10+9

9.3
226

8:5
2348
692
28+1

436

47

CONDITION #

HAVR
700
11.8
287
11.2
35.0
11.7
10+5

8:8
207

8.1
23.3
7041
26+9

4149

KELN
1C6.4
20,0
41.0
1943
0.6
19.2
4178
15.3
3447
1346
278
7344
2441

473

&

KAL
115.8
2249
b4 49
23.5
5645
23.1
22.2
19.2
b4 o2
1648
3046
7048
39.3

§1.9

MSLA
137.3
28.2
501
276
683
2743
264
23.5
51.9
21.1
36.3
85.6
4840

6340

BC2Z
13¢4
309
§1.2
2S+9
7543
30.0C
28.5
2549
6146
23.2
4040
Shek
8245

68:3

10
11
12
18
17
18
20

=guL




11
12
18
17
19
20

LIv
68k
Sed
308
8:6
32+9
96
7¢7
§e¢7
169
58
2640
787
294

201

GeFo
7440
114
32.8
108
3846
12.+1
1040

746
2140

740
251
8241
2946

453

TABLE

ECONCMIC SECTION!

BILL

9.0
235
8.0
249
8146
2947

452

GLAS
7647
1247
33.7
12.2
384
12.8
11.2

8.6
22.5

747
24.0
79.0
2708

425

MIC
786
1347
3446
135
4049
14.3
12.8

9.8
26+5

8¢9
25+6
80:5
31.4

4648

48

CONDITION #

HAVR

KELN

5 .

KAl

MELA

83¢6 127.0 1382 163.:8

13.8
363
13.1
G144
13.9
1241

9k
2443

8ok
2449
81.5
298

4.9

23.5
51.7
22.5
59.9

2248

20.6 -

161
4046
1441
29.5
854
3747

5008

27.0
567
2744
€649
7.5
25.5
20.3
51.8
17.5
32.8
824
4344

565¢7

33.2
63.3
32.1
80.9
325
30.3
249
60.8
21.9
3849
939.7
531

6746

BCZ
1¢2+8
364
Ghe?
348
85.2
35.7
3247
275
722
2402
4249
109.9
581

73.3

i0
11
i2
15
17
is

20

. 7 S




TABLE 49
ECONOMIC SECTION: CONDITION # 6
LIv GeFe BILL @GLAS MIC HrAVR wHELN kAL MSLA gO2
2 90+s5 9B+0 99¢3 10146 104¢1 110:6 168¢1 182.9 216+9 215.5 2
3 12+2 1449 16¢3 1645 17«8 18¢0 3046 35.1 43.2 47.3 3
5 4306 4b6ek 47+4 47.8 49¢1 51:5 93.3 BO.4 B89:6 916 §
6 11.0 13¢8 1548 1547 17+¢3 169 28:9 35.1 41.2 447 ¢
"7 4341 805 49+5 B0.4 53¢6 S54¢3 I8¢5 87.6 10640 116¢9 ¥

8 12¢6 16¢0 1740 17.0 18:9 184 30¢1 36:2 42¢9 471 3

i 1 o

9 948 12¢85 14¢4 1441 15.8 152 2549 32.1 382 41¢2 g
10  6+3 8¢5 10:0 8¢5 1140 10e4 47¢9 22.6 276 30+5 10
11 2148 27¢2 30¢4 28.1 34¢2 315 52.6 67.0 78.7 93+4 14
12 6+¢2 746 8¢7 B¢3 9+6 9¢1 15.3 18.9 23¢7 261 12
16 29¢5 28¢5 28¢3 27¢2 29¢1 28:3 33:5 37.2 4442 487 18
17 100e8 105+1 104¢6 10142 103¢2 1044 1094 105.5 12747 140.8 17

19 35¢0 35¢3 35:¢3 33¢1 37¢4 35:5 44,9 54,7 63.3 69:2 19

20 47¢9 Ble4 8B1leh 48.3 B53¢2 B1¢1 57¢7 63:3 26¢8 83:¢3 20




11
12
186
304
19

20

LIv

60¢2

264
Be?7

2949

749
69
161
748
2601
7642
30e6

460

651
119
28.2
111
34.8
1146
104

$e5
2047

S0
2748
813
31.1
503

TABLE

ECONOMIC SECTION?

BILL
660
131
287
128
3440
1246
12+2
114
23+8
1045
2746
80.83
311
0.2

GLAS
675
13.2
29.0
12.7
34.5
1245
119
10.8
2244

9.9
264
78.3
29.2

héoB

MIC
69.1
14.3
29.8
14.0
367
13.9
133
12:5
2643
1144
28.3
79.8
3244

8149

50

CONDITION #

HAVR HELN
735 111.6
14¢4 24.5
31+2 44.5
136 23.3
37.1 s4.2
135 22.5
12.8 2241
11.8 20.7
242 4144
108 1846
27+5 31.9
80«8 B82.8
310 139.0
49.9 84.8

7
KAL
121.2
281
bge6
283
606
27.2
274
2640
53.1
232
3546
7848
45.0

60.2

MSLA
1437
3446
54¢3
33.2
734
32.2
32.5
31.8
624
29.0
4242
954
55.C

723.0

BCZ
14247
37.8
8§55
36+0
809
35+ 4
35.1
35.:2
7440
3240
LT
105.2
6041
7542

10
14
i2
:
17
19

2o

il S




10
11
12
186
17
19
20

LIv
7142
1142
328

949
34.8
105

89

72
183

7¢7
277
B6+S
333

4808

GeFe
7741
1346
35.0
1246
40.¢
135
116

.99

2347

9.2
294
928
340

5304

BILL
781
1540
35.7
145
357
1446
137
119
26+ 8
108
29.3
923
34.0

§3.3

GLAS
79.9
15.1
36.0
1404
40.3
1445
13.3
11.3
2546
102
28.0
BS ek
31.8

487

TABLE

ECONOMIC SECTION!

MIC
81.9
16.:3
370
15.9
42.8
16.1
14.9
130
3041
11.8
30.0
91.1
364

551

51

CONDITION #

HAVR
87.0
16+5
38.8
155
43.3
15.7
144
12.3
2746
11.2
9.2
S2.2
33+8

529

RELN
132.1
28.0
85,2
26.5
63.2
2641
2447
2146
4743
19.2
33.8
9445
4246

67'5

8
KAL
143.4
32.1
604
32.2
7048
31.6
3047
2741
60.7
23.5
37.7
90.0
49.0

€3:.9

MSLA
17041
35.5
67 o4
378
85:6
374
36.5
332
71.2
29.9
4448
108.9
60.0

7748

B0Z
16940
433
6845
410
Shek
410
39.3
367
8405
33.0
493
120.0
656

840

10

11

12

18

17

19

20

E Lk




TABLE 52
ECONOMIC SECTION: CONDITION # 9
LIv GeFe BILL @GLAS MIC HKAVR HELN kal MSLA  RCZ
2 9343 101¢0 102+3 10447 107:3 114+1 173,1 188.0 222.9 2215 2
3 1400 17¢1 18+¢7 18+¢9 20e4 20¢6 135.0 4042 495 G4:2 3
5 45:7 486 49¢6 50s¢1 514 5309 76.8 B840 93.7 95:8 §
6 1203 15:7 1840 47.9 19+7 192 32+9 39.9 468 50¢8 ¢
7 4449 5202 81¢1 51.8 55¢1 55.7 8143 91.0 110¢1 121:4 9
8 13¢4 172 1846 18:5 2046 20¢0 33:3 40.3 47.8 52¢4 g
9 10e¢8 1401 41646 16¢2 1841 175 130e1 37.2 4443 4747 9
10 7.8 10¢7 12¢9 12.2 14¢1 13:3 234 29.3 35.5 39¢7 10
11 22+9 29¢6 33:5 32.0 37¢¢ 345 59«1 75.8 89.0 105:6 11
12 8e1 9¢8 41+4 10.8 12+8 11+8 20.3 25.2 3146 3449 42
16 309 32:8 32+7 31.2 33:5 32:6 37:7 42.0 49.9 B850 45
17 108¢4 115¢7 145¢2 1115 113¢7 115:1 1179 1122 135:8 149:7 17
19 38¢9 39¢6 39:6 37¢1 4142 39:4 49¢6 57.2 £9¢9 76+5 19
20 5445 5946 594 55.4 61¢8 59:1 95.3 71.2 86.5 83:7 20

ik 4




n

31
12
15
17
18

20

LIv
120+5
4546
6648
2848
611
2408
227
1547
3940
146
2440
11246
378

37.1

GoFe
1302
554
71.0
3beh
72.9
31.9
29.8
214
50+9
185
2944
1234
427

4205

TABLE

ECONOMIC SECTION!

sILL
1320
607
72.2
375
743
33.9
32.5
2347
867
2043
29+¢4
1192
4346
4248

GLAS
135.2
61.3
73.0
38.5
78.0C
35.0
34,5
23.6
57.2
20.2
31.4
123846
45.0

§54¢7

MIC
138+5
665
75.4
436
87.8
4046
3846
287
706
2447
366
1438
E4e7

53+8

53

CONDITION # 10

HAVR HELN
147.3 22344
€7+1 113.1
78+8 110.0
42-5 69.6
88+9 137.3
39:5 £3.5
372 £0.7
272 45.3
64+9 109.1
23«5 138.9
3546 84.0
1455 210.9
52«4 al.1
51¢6 7747

KAL
2442
13044
120.0

6440
15847
745
71.1
2.2
131.1
44.0
6445
24146
940

91.3

MSLA
289.5
16047
133.9

75.1
1g2.1

88.2

845

64.0
18440

§5.1

7646
292.3
115.0

110.8

B0Z

28747

1759

13648
814
211.8
96¢7
91.1
706
18247
608
Bheok
322.3
125.8

12001

10
11
i2
is§
17
is

20

gt 1




10
11
12
15
17
19

20

LIv
13540
5§01
7448
31.:8
6804
278
2541
1741

4346

15.9

2740
1261
4409

4146

GeFo
145.9
€0+8
7946
379
g8l6
357
32.8
2344
56+9
20«2
3340
138.2
4749

4746

TABLE

ECONOMIC SECTION!

BILL
1478
€646
80.9
414
832
38.0
35.9
25+9
633
ea+2
33.0C
1335
488

4746

GLAS
181.4
6743
81.8
424
88.5
39.2
3g.1
25.8
63.9
22.0
35.C
145.2
604

§1.2

MIC
155.1
73:0
84.2
4841
98.3

45.5

k2.6

31.3
78+9
27.0
411
1610
6143

60.2

54

CONDITION # 14

HMAVR WELN

164.9 250.2

737 12442
88+3 123.2
46¢9 76.8
99¢5 15348
bhe2 7142
4141 £7.0
29+6 494
725 121.9
25+6 4244
400 046

1630 236.3
58¢7 90.9

57¢8 87.1

KAL
273.5
143.2
13444

70.6
177.8
83.4%
7844
57.0
14645
48,0
725
270.5
105.3

102.3

MSLA
3243
17644
1499

82.9
215414

98.8

93.3

69.8.

172.0
60.1
8641

327 ¢4

1288

1241

BC2
32243
1932
153.2

8995
237.2
108.3
100.6

77+0
2042
66k

949
3¢1.0
1409

1348

10
11
12
18
47
19

20

R4 M




TABLE

ECONOMIC SECTION!

LIV GeFes BILL @aLAS MIC

2 163¢9 177+1 179+5 1838 1884

3 59¢1 7147 78¢5 79.4 86.0C

§ 90«9 966 98:2 99,3 102.2

6 37¢7 450 49:2 50.4 5741

7 83¢1 99+¢1 101+¢1 1075 11944

8 33¢7 434 462 4747 55.3

9 29¢7 39¢0 42¢6 45.2 5048

10 19¢9 27¢3 30¢2 301 36:5
11 B3¢0 69¢3 77:0 77.8 9641
12 186 23+8 25¢9 2547 31.8
15 33¢0 403 403 42.7 80.2
17 1853¢1 16749 162+1 17643 195:5
15 80¢9 S8:1 893 1.2 744
20 50¢5 578 857¢7 2.2 7341

55

CONDITION # 12

HKAVR
200.3
869
1C7.2
55.7
120.9
3.7
48+8
3446
88+3
29.9
48.8
157.9
742

702

KELN
303.8
146.4
14946

gl1.2
186.8

86+ 4

7946

5§76
14843

4945

7440
286.9
110.3

105.7

KAl
332.1
16848
163.2

83.8
215,59
101.3

93.1

€645
17844

560

88.:5
328.5
127.9
124.2

MSLA
353.8
207.9
182.0

S84
261.2
115.9
1107

814
20944

70.1
1051
397.5
1564

150.7

BCZ
3913
22747
186.0
10647
288.0
131.5
1194

895
C48+S
774
115.8
4383
1711

1634

10
11
12
15
1?7
is

20

iy 47 s




10
11
12
15
17
19

20

LIv
S48
61
2240
5¢5
174
Sk
45

2:8

GeFo
590
78

23+5

2047
6:9
§«9
38

1140
3.3

100

26+8

12.¢

171

TABLE

ECONCMIC SECTION!

BILL
5§57
8.2

23.S

21.8
8.1
7+3

104

259

142

1748

GLAS
61.1
8.3
2442
8.1
2244
2.0
7.0
4.8

134

104
259
136

17.3

MIC
6246
940
24.8
8.9
2442
8.5
7.9
S8
15.8
448
11.6
272

1547

19.5

56

CONDITION # 13

FAVR

KELN
1¢1.1
154
37.2
14.9
40.7
14.9
13.2
Sk
25.9
7.9
17.9
35.8
24.9

29.2

KAL
110.3
1747
40.8
ig.2
4601
ig.2
165
11.8
33.5

10.0

2144

38.7
30.9

354

MSLA
130.8
21.9
45.5
2144
55.8
2146
1946
1445
39.3
12.5
25¢4
4648
378

4340

eC2z
130+C
23.9
4645
23.2
615
23+6
212
1640
467
13.8
2749
146
4143

4606

10

11

12

18

17

19

20

Sult =




11
12
18
17
19

20

LIv
€56
75
284
67

20e¢9

Ssé
290
1202

14¢4

GeFo
7140

9.2
30.2
4141
2540

8:5

70

134

3¢
10.9
3240
142

18+7

TABLE

ECONCMIC SECTION!

BRILL
719
101

30.8

GLAS
73.5
10.2
31.1
9.8
27.0
9¢8
8¢
53
1644
bob
11.3
30.9
18.3
18.9

MIC
754
11.¢
32.0
1047
291
11.0

ek

585
19.2

5.1
12.¢
32.+5
176
2147

57

CONDITION # 14

HAVR WELN
80«1 121.7
111 19.0
33+5 4749
105 18.0
€9+5 45,0
10.6 18.3
9¢1 15.8
5.2 10.2
177 31.5
48 8.5
123 19.5
32«9 42.8
16+9 28.1
209 131.9

KAL
132.8
21.8
52.6
22.0
55.5
2244
19.7
12.9
40.8
1046
23.3
bee2
34.8

38.7

MSLA
15744
26.9
58.7
25.8
6742
2646
23.+5
15.8
479
133
2746
58.9
4246
46.9

g0z
1856+ 4
29+4
8949
280
T4l
292
28.3
175
6+
147
304
616
46+ 6

5C.9

i0

11

ie2

1§

17

is

20

ol 11




LIv
2 87.8
3 1044
S 4141
6 9.0
7 281
8 Se¢2
S 741
10 346

GeFo
S4e9
126
438
11.5
33.5
11.8

94

4.9

TABLE

ECONCMIC SECTION:

BILL
962
13.9
bhog
13.2
35.1
1347
115
65

GLAS
9844
14.0C
45.1
13.1
3641
13+6
11.2

62

MIC
100.8
15.1
463
144
39.0
15.1
12.+5

74

58

CONDITION # 15

HAVR

=ELN

107+.2 1¢2.8

15+3
485
1441
39:5
14.7
1240

67

26.0
€9 +¢4
2442
£5:6
25.3

2009

11.9

KAL

MSL A

gC2

177¢6 210.6 20943

29.9
7641
2946
Theh
30.9
26.+2
15.1
5544
12.0
27.1
61.2
4247

5.2

36.8
849
3447
§C.0
3646
31.1
18.5

651

15-01

32.2
7440
2.2

B4.8

404
8648
3747
99.3
402
3346
204

i0

o ¢4 Wy




11
12
15
17
19

20

. TABLE

ECONOMIC SECTION:

LIv GeFe BILL @GLAS MIC

57¢4 62+0 £2¢8 £443 659
749 9¢7 1046 1C«7 1146

2401 2507 2642 2644 2741
740 8¢9 1043 10.2 11,2

1942 2249 241 2447 28.2
66 8:5 9.8 9.8 10.8

59 747 98 g.2 10.3

4¢3 §e9 80 7.6 8.7

9¢7 13¢5 17¢7 168 1947

40 53 71 6¢7 746

9¢g 1166 12:3 1242 1346

27«5 30+7 30¢C 28.4 30.7
11¢7 1401 16¢4 18.7 1749

15¢4 2040 210 2042 2342

59

CONDITION # 16

HAVR
7040
117
28+5
10.9

28+5

22+3

~ELN

10€.3

19.9
40.7
18.8
4541
18.2
17.3
1447
327
13.0
21.7
39.2
2946

25.3

KAL
115.8
22.9
by 46
2249
5141
22.3
2146
1846
4243
1642
2641
4243
3647

43¢4

#SLA

BCZ

1373 13¢¢4

28.2
49.8
269
61.9
2604
25.7
2247
497
20.3
31.0
512
449

5206

3C.9
SC+8
292
682
289
2747
25.1
8«9
224
342
5645

4901

871

11
12
18
17
19

20

= logs~




10
11
12
18
17
19

LIv
€8:5
Se3
30«5
8.2

22+8

114

42
10+8
32¢0

1249

GeFe
7440
1104
32.5
104
2742
10.14

8¢9

6:3
1S.8

S5
1244
357
156

TABLE

ECONCMIC SECTIONG

BILL
750

1245

109

845
207

7ok
13.1
34.9
182

GLAS
7647
1246
3344
11.9
293
11.6
1046

8.0
1947

69
131
34.2
1744

MIC
7846
1346
3443
131
33+4
12.9
11.8

9.2
23414

8:0
1kee
3547
19+8

60

CONDITION # 17

HAVR
836
13+8
3640
12.7
33.8
12.5
114 0 4
87
212
76
142
361
18.0

HKELN
126.8
23.4
514
21.9
53¢k
21.7
19.9
1546
28.3
13.5
23.3
45.6
32.7

KAl
138.2
2649
5643
2647
60.5
2645
2448
19.6
4946
16.9
2g8.0
4943
40.6

LYY

MSLA
163.8
33.2
62.9
314
73.2
314
255
2440
582
211
33.3
CERY
497

802
1¢2+8
3643
642
3440
8C«7
344
318
2615
6941
23.3
36+7
€5+7
543

10

11

i2

8

17

is

=gl




N o0 M W

10
11
12
15

17

19

20

LIv
906
122
43:2
105
29.8

103

1407

45
1240
4100

15¢4

18¢7

GeFo
9840
1448
4640
1344
35+6
13.3
11.2

69
20:5

Se9
1401
457
18«6

2404

TABLE

ECONOMIC SECTION?

gILL
993
163
4609
15+ 4
374
156
13+8
Seh
268
78
1449
bbe7
216

2546

GLAS
1C1.6
164
473
15.2
384
154
13.3
8.9
25.5
7.5
1449
43.8
20.7

2446

MIC
10441
177
4846
16+.8
43.8
17.C
14.9
102
29.8
846
165
457
2346

28.3

61

CONDITION # 18

HAVR

HELN

110¢6 1679

17.89
1.0
16.3
4443
1¢+85
144

96

274

161
463
€26

e7+2

20,5
7248
28.2
90,0
28.6
25.0
1743
496
1446
264
8844
39.0

43.0

KAL
182.9
35.0
79.8
3443
79.3
35,0
31.2
2148
6441
182
31.8
€3.,1
bg ok

52.9

MSLA
216.9
431
8S.1
40.3
960
41k
371
267
75.3
2248
37.8
764
§9.2

642

BCZ
215.5
§7+2
1.0
4347
105.8
450 4
4040
295
894
25.2
4146
8442
€47

€96

10

114

12

15

17

is

20

“ gcb




TABLE 62
ECONCMIC SECTION! CONDITION # 19
LIV GeFe BILL GLAS MIC HKAVR KELN KAL MSLA BO2
2 60e2 6501 €640 €75 69¢1 7345 1116 121:2 14367 142¢7 2
3 947 1149 1340 13:2 1442 14¢4 2404 28,0 34eh 377 3
§ 2612 27¢9 285 28¢7 29+5 30:9 44.2 48.4 540 ES52 &
6 8+¢5 10e8 412¢4 1243 13¢5 132 2247 27.6 32.4 35.2 ¢
7 2141 25¢2 26+5 27¢1 2942 29:6 49:6 5.2 £8¢1 75.C 7

8 7:8 100 %7 116 12.8 1248 2136 263 3142 3402 a

s 14

s 743 9¢6 11+8 114 1247 1243 21¢4 2646 316 34¢1 g
10 9 8¢1 1049 1043 118 112 20s1 25.2 30:9 341 10
11 11¢7 162 2144 2063 2347 21+8 3546 B1.,0 859.9 711 11
12 Sk 7.3 S8 9¢2 10e6 1041 48.0 22.&% 28.0 30+9 12
16 1142 134 14¢3 1443 16+0 185:5 25.8 311 369 40+7 18
17 308 34¢9 34¢5 33:8 3446 35:0 43.8 47,5 857.5 6£3¢4 17

19 12¢7 158 18+9 18.1 20.¢ 19¢7 344 42:7 B2¢2 87¢1 19

20 17.8 2341 244 2347 2740 26+0 41.8 51.5 £2¢85 67.7 20




TABLE

ECONOMIE SECTION!
LIv GeFe BILL GLAS MIC

2 7143 77¢1 78¢1 79.9 81.9
3 1142 13:6 149 15,1 16.3
§ 3245 3447 35.4 35.7 366
[ 9:6 1243 141 1440 154

7 2448 29¢4 3049 3147 3441

8 9¢1 1106 13:¢6 134 1448

S 8e1 10¢7 13¢2 12.8 14.3

11¢4 123

11 13¢4 18¢85 244 2342 2741

12 5e¢6 75 10.1 .85 10.9

1649

398

2248

2847

147

63
CONDITION # 20

HAVR HMELN KAL
87:0 13241 143.4
16+4 27.9 32,0
384 B4e9 6001
1500 25.8 31.4
3445 8748 65,6
1445 25.0 3045
13.8 23.9 29.8

24¢9 45.2 58,3
10¢4 18.5 23.1
165

40.0

218

2746

MSLA gC2

170.1 1¢9.0

3S¢4 432
€70 685
36¢9 40.0

79¢4 8746
36¢2 3946
35.4 38.2

32¢2
68¢4 8142

28¢9 31.9

ity 7% et




11
12
15
17
19
20

LIv
934
1440
45.2
119
3146
1146

99

67
167

5¢8
133
43¢ 4
16¢2

2114

GeFoe

TABLE

ECONCMIC SECTION!

BILL

GLAS

MIC

64

CONDITION # 21

HAVR

HELN

101¢0 4102+3 10447 1073 1741 19341

1740
48.2
15.2
37.8
149
130

91
2341

7¢9
158
49¢7

201

273

1847
4S.+1
1745
398
174
160
123
3045
1047
1649
4941
24.0

289

189
49.6
174
4047
17.2
15.5
117
2849
10.0
1649
4841
23.C

28.0

204
50.9
19.1
43.8
19+0
17 .3
134
33.9
11.5
18+9
493
26:2
32.0

20¢6
5344
1846
biok
18+5
167

1246

2%.9
7643
22.0
Thek
21.9
29.1
2246
564
196
30.5

62-"

437

495

KAL
188.0
4041
83.5
39.0
B4k
39.0
36.2
28.5
7248
244 4
3648
€77
5443
60.9

MSLA
222.9
49.3
93.2
4547
102.2
4642
43.0
34.8
855
30.8
437
81.9
664

7440

BCz
221+5
E4.C
852
48946
11246
806
46 b
38:5
1018
337
4gel
0.3
726
8Ce2

i0

11

i2

15

17

19

20

- 921 ~




11
12
16
17
19

20

LIv
12041
b1
6201
2141
379
1741
1643
113

240

12+8
508

213

1840

GeFo
13040
538
€61
2647
454
21+5
207
1440
31.0
11.9
15«4
585
2347

22+5

TABLE

ECONCMIC SECTION!

BILL

GLAS

131¢7 195447

§9¢1
6745
30+3
4748
240k
2445
1742
3747
1446
1643
8¢5
25.9
237

89.6
68.1
3C.3
4G« 4
24.5
2401
1647
368
14.2
17.0
62.2
260

241

MIC
13840
Eholy
€949
33.7
§3.7
2746
27 o4
1947
442
168
1947
€9.8
31.2
29.0

65

CONDITION # 22

HAVR
146+8
65.0
7364
32+8
543
268
26k
1846
4046
15:9
1«2
707
298

2749

HELN
223.2
110.8
10447

§5.7

8.2

45.3

45.2

324

72146

2746

30.7
107.0

49.0

ﬁQQG

Kal
24440
12747
115.0

€7:5
100.,0
§4.3
5540
39.1
gg.2
32.8
3643
12346
B64s6

5447

MSLA
289.2
187.3
128.3

75.2
121.1

643

654

479
1C03.5

41.0

431
149.85

69.2

628

B02
2874
172.2
131.2

859
13345
705
705
52+8
122+9
453
4745
16449
7547

681

i0

%1

i2

15

7

is

20

Lol




W

10
|
12
15
17
19
20

LIv
1345
4B &
€946
2342
4245
19e2
1800
123
2648
106
14¢4
5&6¢S

20¢2

GeF o

1456

§9+1°

7401
239+5
508
2440
228
153
3446
1340
1743
6545
26+85
25.2

TABLE

ECONOMIC SECTION:

BILL

GLAS

1475 180.9

649
7548
334
§3+6
273
270
188
421
1640
18+3
6546
290

2646

6545
7643
33.8
5543
274
2646
18.2

4101

MIC
15446
7047
783
37.4
60.1
30.8
30.2
215
435
183
221
782
34.9

3245

66

CONDITION # 23

HAVR

HELN

KAL

164.4 250,0 273.2

74¢4 121:6 14042

82.1
362
60+8
30.0
291
203
40.0
174
21+5
7941
33:+4

31.2

1173
615
98.8
50.8
4949
354
80.0
30.1
3445

119.8
8449
50,0

128.8
Theh
112.0
60.8
6047
4247
9845
3547
40.8
13844
6344

§7.9

MSLA
323.9
172.7
143.7

874
135.6

7241

7241

52.2
115.7

447

48.5
167.5

7746

70.3

802
3219
189.1
1469

948
148.5
790
778
8§77
137.3
494
5314
18447
Bie8

762

10

i1

12
15
17
is

20

ol (R




11
12
18
1?7
19

20

LIv
16344
5741
Bhe5
2746
5146
233
214
14¢4
3246
1244
1746
6991
28:9

2445

GeFo

TABLE

ECONOMIC SECTION!

sILL

GLAS

176+¢7 179+1 183.2

6946
859
350
617
29.2
271
17.8
4201
18.2
21.2
7945
32.2

30.¢

76:+5
9147
397
6540

756
35.3

3243

77.2
9247
39.7
672
33.3
3146
21.3
50.0
18.0
23.3
B4e6
ag.4

32.8

MIC
1877
833
95.1
k41
73.0
375
35.8
251
60:1
21.3
2740
S48
420 4

398

67

CONDITION # 24

HAVR HELN
199.6 303.5
B4he2 14343
99:8 14244
3.0 93.0
73¢9 120.0
36+ gleb
34¢6 5S.2
23:7 41.3
55¢2 9744
20+3 35.1
263 42.1
961 145.5
406 £607
379 ¢047

KAL
331.8
165.2
15648

8844
136.0
73.9
72.0
49.8
119.9
417
4948
168.1
7740

704

mMSLA
393.3
20345
174.5
103.8
16446
875
85.6
609
140.8
52.2
§S.2
20344
s4.2

85.4

802
3905
222+9
1784
112.5
181.5

8549
92+3
6743
1€7.1
§746
€52
2243
10340

9246

10
89
12
15
17
is

20

! -
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TABLE 68.  MONTHLY ELECTRIC ENERGY DISTRIBUTION FOR THE
SHARED NETWORK OPTION AT GREAT FALLS USING
SELECTED WIND SYSTEMS

- 5 Wind Energy Utility Energy Wind Energy
s to Load to Load to Network
® > kWh/mo kWh/mo kWh/mo

(TabTe 30) -

(LF x LOAD) (1-LF) x LOAD (LF x LOAD)

10 121 150 209

LOAD 1 12 125 146 225

20 181 90 900

10 185 465 145

LOAD 2 12 194 456 156

20 344 306 o1




TABLE 69.  MONTHLY ELECTRIC ENERGY COST DISTRIBUTION FOR THE
SHARED NETWORK OPTION AT GREAT FALLS USING SELECTED
WIND SYSTEMS

($/mo)
1 2 3 4 5 6 7
Cost of Cost of Credit for User Wind Energy Utility Invest-
£ Wind Utility Wind Payment System Energy ment to
2+ Energy to Energy to Energy to to Cost Costs Savings
g Load Load Network Utility Ratio
(4-2-3) (5=1+4) 5/(6-4)
10 27.10 120 4.18 2.87 29.97 13.01 2.96
LOAD 1 12 24 .38 7.01 4.50 2.36 28.88 13.01 2.71
.20 64.07 4.32 18.00 -13.77 50.30 13.01 1.88
10 27.01 18.83 2.90 16.17 43.18 26.33 4.25
LOAD 2 12 24 .25 18.47 3.12 15.58 39.83 26.33 3.71
20 64.33 12.39 14.74 -2.00 62.33 26.33 2.20

=Tl =




10
11
e
186
17
19

20

LIV
507

57
205
51

15+58

21
5¢8
10¢0

65

6.F.
549

740
21.8
6:5
1846
€3
Se4
34
Se4
2+9
70
11+9
8¢9

1040

BILL
5546

beb
1246
3.9
8.2

1246

GLAS
5649

119
3.7
8.1

12.9

11.2

12.5

TABLE 70

dMINIMUM RESIDENTIAL WIND ENERGY cOSTS
FOR INCEPENDENT SYSTEMS,

MIC
58.3

&3
23.1
8.2
21.8
80
7¢2
540
13.9

4eo2

138
1246

1441

(¢/kWh)

HAVR
€240

B4

242

217
7:8

69

12.8
440
87

140

1241

1345

STOR 1, 20 YR LIFE
HELN  KAL MSLA BNZ
94e¢3 103.C 122:2 12144
144 16,6 2Co4 2243
34¢6 38.0 42¢4 434
13.7 16+8 198 2144
36.7 41.8 5C«5 65547
1346 16:7 197 2147
12«1 15.2 18¢1 195
8:5 10¢9 133 1407
23¢3 3045 3548 4245
7.2 9,1 114 1246
152 1846 2241 244
2346 26¢9 325 35.8
21¢6 27¢3 33¢4 3646
2440 30+¢5 37:0 4041

10

11

- 12

i85

17

19

20

ol




w n

11
12
18
y 4
19

20

LIV
1081

397
5547
173
275
1245
11.9

6¢9
1406

158

79

TABLE 71

MINIMUM RESIDENTIAL WIND ENERGY €¢OSTS
FOR THE SHARED NETwWORK OFTI1ONs 2C YR LIFE

(¢/kvh)
G.F. BILL GLAS MIC HAVR HELN KAL MSLA
1170 118¢5 1212 124+2 1232:1 20C.9 219,86 26C«3

48s4 B3:2 B347 B7¢9 58¢5 95.7 114.9 141.5
59¢4 £0¢6 €1¢1 62¢7 €5¢8 94.2 103.4 1154
2241 25.5 25,2 27¢7 27+0 46.7 57,1 67.1
32¢9 3447 35.5 38e¢1 386 £5:1 74.1 8947
16¢2 19:0 48+7 20e¢7 20¢1 34:9 43.0 50.9
15¢7 19¢5 18.9 210 203 35.5 44.6 5341
9¢5 13¢0 1243 14¢0 13¢3 23:9 30:6 37.5
20¢3 27¢1 285.6 29:9 275 80.1 65.4 76.8
Bs0 10¢9 1042 11¢7 11+1 19.9 25,2 31.¢
7¢4 847 Be6 Sek  9:2 16,0 19,7 2344
18+9 15¢9 20.3 2148 22¢1 37.3 42,5 514
10¢7 1442 13¢5 15¢3 146 26+0 33.0 4Cu4

8¢5 4142 1047 1240 14¢6 2045 2¢:0 31:6

BOZ
2587

155.:C
117.9
7247
98.5
5§58
§7.2
ble4
912
3449
2547
867
hyo2

3402

10
11
i2
18
17
i

eo
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Liv
]

+ 01
29
2.98
6.27
8.23
$.33

6:72,

2%
6.69
2.80
612
4.80
Seal
6.03
3.3¢C
489
4.70
1e47
3.9
1.20
1460
1450
1411
1.38
67
66
«83
026
66
«36
«3C
«30
19
26
«i8
12
18
«08
«07
0
« 05
«C2
«03
«01
«02
«02
01
«00
01
+ 01
«00
«Co
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«00
«00
«00
«00
«00
«00
«00
«CO
«00
«CO
«00

GeFo

«01
88
3+39
4.73
ReCh
7:6%
RedS
A.89
6.97
ReS3
s.78
%.43
ae2?
428
3.66
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2.60
2:74
129
2.22
87
1.2
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«9C
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«09
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0?7
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«01
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s0C
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+ 00
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«00
«00
«CO
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APPENDIX A

PERCENT TIME AT WIND SPEED FOR

READ 10 LOCATIOAS ACRCSS,

BILL

«01
« 014
1+79
417
6ebp
9:50
§e24
12473
6:63
10+11
565
7014
4e96
4089
4eb2
2+81
1+86
2+12
79
1086
Y
«51
37
26
o34
12
08
« 08
01
08
«04
+03
«01
«00
«01
«00
« 00
«00
1]
«01
«00
«00
04
200
«00
+00
00
«00
«00
«00
00
«00
«CO
«00
* .00
«00
«00
«00
+00
00
«00
«00
«00
00
00

GLAS

«C0
“1s
3.27
6+52
8+66
8.70
B+B6
8:86
Te4?
8.22
517
596
4.37
416
3463
2484
2.1C
2418
98
1.66
61
68
51
«40
31
+19
+13
«09
+ 02
06
«03
04
«01
«01
+00
+ 04
«00
00
«CO
00
«00
«CO
00
«00
+00
«00
+CO
+00
«00
«00
+00
«00
«00
«00
«00
«00
«00
«00
«00
«00
«0Q
«00
«00
«CC
«00

m»IC
«C1
16
1.23
3.82
8.72
S.64
11,70
12.74
6,30
9.8
.48
64,37
3.6
3.C6
4,37
1477
1.67
2438
51
1.67
34
51
27
o6
.29
«C9
12
12
02
«C7
«C2
«C3
«C3
«00
02
«00
oC1
«C1
«00
«C1
«C0
«CO
00
«01
«C0
«00
«00
o CO
«0C
«00
«00
«00
«00
«00
«CO
«00
«+00
«00
«00
«00
«00
00
«00
+00
00

MAVRE

oCC
«Co
.83
2,55
.50
8.99
022
84414
8.CC
7.3C
“Jt6
Sd16
3.9
“a18
3.1¢
z.pC
2.01
2.38
87
1.28
7
71
S
«35
(R Y |
17
«C9
«10
oCc2
«08
oC2
o CC
«C0
«C1
01
«C1
«00
oC1
«01
«C1
«CO
«C1
«00
«CO
00
«CO
00
«00
«00
«00
«CO
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«00
«CO
«00
«00
«00
«CO
«00
«00
«CO
«C0
+0C
«CO
«CO

TEN MONTANA LOCATIONS

65 SPEFCS CCOwh,

HELANA

oC1
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12.22
12.¢7
11476
As16
7474
XY}
3469
g¢82
2k
31
3:0C
2:33
2+19
{1eha
10114
1081
34
1+C1
2C
+37
‘26
16
1C
+03
«C1
ocs
+CC
+C3
«CC
«C1
«CC
«00
00
oC1
«0C
«0C
00
«00
00
«00
«00
«00
«00
«00
«00
«00
«C0
+00
+00
«00
00
«0C
«00
«00
«CO
«0C
«00
00
«00
+ 00
+00
«00
«CC
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«C1
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1C.93
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Teib
%.93
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2+22
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a3
15
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(8-
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«02
+03
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«01
«cC
+08
«C0
«CC
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+0C
«01
«0C
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cC
«0cC
«0C
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2 0C
+01
«0C
«0C
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«00
«0C
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ocC
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«cC
«aC
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«0C
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«0C
+0C
«0C

mSLa

«CO
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18.52
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«8C
87
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~~APPENDIX B

POWER CHARACTERISTIC DATA FOR
THIRTY. WIND GENERATORS

Performance is Tisted up to 30 knots wind
speed. Wind system numbers correspond to
 those of Table 27, page 90. ‘
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#2

sclC
2 CCa
(C2
lla
27
35
WL4S
' CES
e C6S
«C8C
«C85
+C93
«1CC
+1C3
0308
0107
«107
«1C7
«1C7
«1C?
«107
«1C7
«107
«1C7
«107
«iC7
«1C7
«107
107

CHARACTERISTIC PERFORMANCE CF SYSTEMS

wINC

SPEED

# 4

s
+CCC
oCC2
«CLo
'CCC
«C0cC
1015
sC2¢
«C34
’°~3
oCSC
+CE7
+Ces
+ 072
«C82
«Cge
-Cgh
'10C
«108
o111
+123
«130C
«137
elun
153
«16C
168
177
«18¢
*183

IN XNCTS,

oICC
«COC
27
Chg
68
«Che
130
el28
eldg
v166
182
«208
228
Chb
258
267
«27a
278
275
275
275
275
275
0275
275
«275
w2758
275
275
+275

QuUTPUT

t 6
«C02
«CCP
COC
«C0C
«CCC
L3¢
57
+C8%
121
167
e222
288
0366
457
562
683
«750C
+«75C
«75C
«75C
0750
+750
e 75C
«75C
«75C
«75C
«75C
«750
«75¢C
«750

IN KW

# 7
o CLC
«COC
o0C
«CCC
«CCC
CauE
«113
0169
«281
S48
«7CS
0934
1.Che
1.C91
1¢12%
20128
14125
1e12%
141285
14128
212€
1125
1,125
1.125
1:12%
1e12%
Le12E
14128
1128
1.12€
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«CCC
«C3€
«C62
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1758
25C
+33C
*+43C
+55C
67C
+80C
¢ 94C
1+C8C
1+17C
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1200
1¢20C
1.20C
1.200
1.20C
1:2CC
1.20C
1:20C
1200
1.20C
1.20C
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«CCC
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+£CC
«CCC
sCCC
«C35
62
«C893
¢133
«182
2242
+ 318
4CC
«&5CC
sbla
e 746
+ 858

1:062 -

1224
1224
1224
1+224
1224
14224
1224
14224
1224
1224
14224
1+22¢

#10
«CCC
+CCC
€C2
+CCC
«CCC
«CCC
«C2C
«C8¢
«132
«182
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« 318
«&CC
«8CC
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W ThE
« 895
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1457
1.68¢
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2+C0C
2.CCC
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2+.CCC
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+£391
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1847
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2+CCC
2.0CC
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2.0CC
2.CCC
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1.20C
1e2CC
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2elCo
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1+CCC
1+2CC
1+€CC
2+CCC
2e¢4CC
2+3CC
3.4CC
4:CCC
#:LCC
Se.2CC
S5.2CC
6¢4CC
EeeCC
7.7CC
75 2CC
9.3CC
4C+5CC
1C+80C

CHARACTERISTIC PERFCRMANCE CF SYSTEMS 12=22

wIND SPEELC IN xNCTS,

# 14

«CZC
«0CC
00 C
«COC
«0CC
Y olefo
«CCC
148
211
289
385
«500
€35
« 794
«8976
1+18E
10422
14687
1985
2:315
2.68C
3.C81
3.08%
3.C81%
3.C81
3.081
3.C81
3.081
3.081
3.CB1

# 15
(N ofels

«C0C
«00n
«CCC
1000
+COC
*157
337
T A
0651
867
14125
1+431
1787
Peige
2510
2000
3.00C
3.C0C
3:00¢C
2.000
2+.00¢C
3.0CC
3.C0C
3.0Cc¢C
3+:C0C
3+C0OC
3.00¢
3000
3.002

# 16
sCCC

oCLC
«C0C
«CCC
«COC
«COC
«C2C
166
236
0324
ek 39
+£59
«711
«BRR
1.092
132¢
1590
1888
2e22C
2«589
24998
ek
2ekhy
Sekk?
eubk?
30447
3ekhy
et dy
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3ebk?y
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# 17

«CCC

«COC

«COC

«COC

«COC

«164

.kic

618
1.C2%
1886
2.583
3.403
3.813
3877
44100
4,100
4,100
4,100
4,100
4,100
44100
“«4,10C
L.10C
‘!.100
44100
44100
§.10C
4,100C
4.10C
4.10C

#18

«CCC
«CCC
«C1”
27
(52
-CSC
o143
214
« 304
417
555
o721
0517
10145
Te4CB
1e7CS
2+C5C
Ceb3N
2862
3.338
3864
4oeb83
4.8CC
4s50C
4e8CC
448CC

L45CC

4450C
4+80C
4eECC

#19

«CCC
+CCC
oLCC
oCC2
+CCC
«COC
«12C
e22C
«35C
+500
+67C
+80C
1.00C
14250
1+55C
1+85C
2+25C
2700
3.20C
3.70C
keCCC
4e25C
ke4CC
keECC
4800
4e50C
Le5CC
4e5CC
4+50C
4+50C

# 20

oCLC
«CCC
o2CC
sCCC
«0CC
«CCC
«22C
«35C
475
o65C
«85¢C
1.1CC
1+4CC
175C
2+:415¢C
2+6CC
3.10¢C
3:¢65C
4.3CC
4¢85C
5.3CC
E.5CC
®.7CC
B«+8CC
§+9CC
£.95C
&+CCC
&+.CCC
€:00C
£.CCC

# 21
oCCC

«CCC

«CCC

oCCC

«CCC
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«3CC

«&5C

«R7E
1.0CC
1.378
1.978
2.57%
3.13C
4025
4588
§+.5CC
E.8CC
§.95C
6.000
6£:C0C
Q.CCC
£.2CC
6.CCC
6!00C
€.COC
€:C0C
&£.COC
6+00C
6.CCC

# 22

«0CC
+CCC
«CCC
«CCC
+0CC
+CCC
«0CC
oCCC
«0CC
«000
976
2:19¢
3:659
4878
5:855
£+587
7:C74%
7+80¢
8:294
Be782
g:270
§.758
10.002
10+246
10¢49¢C
10734
10.978
110124
11222
11319
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3c 18
13 ST
i2 2.C
13 26
b 3.7
15 &.8
1é 640
1? 7.C
18 9.C
18 112
at 13.C
21 15.C
22 177
23 2Ce5
24 2345
2c 25.C
2¢€ 25.C
27 25.C
28 25.0
29 25.0
3¢ 2%.0C

CHARACTFRISTIC PERFORMANCE OF SYSTEMS 23=32

wlND SPEED

# 24
oL
[
oC
oC
oC

“oC

Bel

12.C

19«C

3C.0
68.C
45.C
§5.C
64:C
76+C
85.C
85.C
8540
150

30.C

38.C

45.C

5540C
E4eC
7€.C
8S.C
85.C

BS.C

# 25
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oC

oL

oC
oC
3.0
BsC
1i3.C

ZCDC
3C.C

35.C

49.C

56.C

67C

76.C

85.C

90.0

SC.C

9C.C

SC.0
9C.C
9C.0
SC.C
SC.2
9C.C
9C+«0

9C.0C
9C.C
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40.¢C
SCet
EC.C
6742
76.C
87.0
82.C
95.¢C
SZ.C
$2.C
92.¢
92.C
92.2
92.C
a2.¢
92.¢C
92.C
92.C
92.¢C
92.¢C

# 27

LA

oL

oC

oC

oC

e C

«C

LX]

oC

«C

oC
Zel
1CeC
178
260C
3440
4240
5Ce0
S8.C
660
7l
8240
SCeC
SéC
1CCe0
1CC«9
1CCeC
1CCe0
1CCeC

QUTPUT IN KW

# 28
oZ
oC
o
«C
oC
oL
oC
oC
oC
«C
oC
oL
o0
2.C
4oL
8.0
4C+C
15.C
2C+C
25+C
35C
38.C
45+C
SZ.0
&CeC
68+C
77.C
270
100+C
1CCC

# 29

s NoNaNa]

oC
oC
oC

4sC
114
18+7
2645
354¢
45.8
5&.C
661
7643
8645
9647
1068
147.C
127.2
137 ¢4
147.5
187.7
16749
1781
188.2
1980k
2CC.C

# 30
e

oC

oC

oC

e

o2

oC
1.C
4.C
11.C
22.C
4C.C
7C.0C
8C.C
98.C
10C.C
1CC.°
10C.C
100.C
10C.C
10C.C
1CC.C
10C.C
10C.C
1CC.C
10C.C
1C0+0
10040
100.C
10C.C

# 31
«C

oL

oC

o

«C
10
7+C

b &y o
3CeC
A4eC
59.C
73.8
885
1C0+C
1CCsC
1CC»C
1CCeC
1000
1CC+«C
10C+«0
100¢C
1CC.C
10C.C
10¢+C
10C«0
100+C
1000
1000
100+C
10C.C
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APPENDIX C

BATTERY STORAGE CAPACITIES USED IN COMPUTER
_MODEL OF WIND SYSTEM PEFORMANCE
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BATTERY STORAGE CAPACITIES USED IN
COMPUTER MODEL OF WIND SYSTEM

PERFORMANCE
(kWh)

WIND

SYSTEM # SaluR. 1" PelOR. 8" “STOR .34
2 2.64 5.28 7.92
3 2.64 5.28 7.92
5 5.28 10.56 15.84
6 2.64 5.28 7.92
7 13.80 27.60 41.40
8 7.92 15.84 23.76
9 7.92 15.84 23.76
10 10.62 21.24 31.86
11 13.80 27.60 41.40
12 10.62 21.24 31.86
15 29.90 59.80 98.70
17 51.75 103.50 156.25
19 29.90 59.80 59.80

20 51.75 103.50 155,25




© APPENDIX D

LOGIC FLOW DIAGRAM FOR COMPUTER
'ANALYSIS OF .BATTERY STORAGE .
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'APPENDIX E

~ WIND SYSTEM COSTS AND
“EQUIPMENT SELECTION -
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#2.

AEROWATT 150 FP7 2.0 m Dia.

Factory Produced, Distributed by Pennwalt (53)

0.1 kW

Tower: as supplied by Pennwalt
Battery: 220 AH, 12V, Surrette Series 400, (2.64 kWh)
Inverter: dc controllers as supplied by Pennwalt
Autonomous Systems Option
P costs per installed kW
costs cost |salvage {5 yrannualscgit i
system 3105 31050 3105 2794.50 | 1863.00 [1397.25
tower 460 4600 460 414.00 | 276.00 | 207.00
inverter 972 9720 972 874.80 | 874.80 | 874.80
battery (1) 150 1500 0 150.00 { 150.00 | 150.00
battery (2) 290 2900 0 290.00 | 290.00 | 290.00
battery (3) 430 4300 0 430.00 | 430.00 | 430.00
interest 7 % add-on
maintenance 1%
(1) 4571.64. | 3416.90 | 2839.37
Annual Costs per kW (2) 4722.84 | 3568.10 |2990.57
_(3) | a874.04 |3719.30 | 3141.77
Shared Grid Optian
(R costs per insta]]ggntg] -
cost cost salvage 10 vr [T r 0 v
system 3105 31050 10%
tower 460 4600 10%
inverter 127% 12750 10%
total 4840 48400 4840 4356.00 | 2904.00 | 2178.00
interest 7% add-on 3388.00 | 3388.00| 3388.00
maintenance 1% 484.00 | 484.00| 484.00
Annual Cost per kW 8228.00 | 6776.00| 6050.00
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#3. WINDCHARGER 1.8m Dia  0.20 kW

Windcharger, Factory produced by Dyna-Technology (40)

Tower: system includes battery recharger and tower as per H. Clews(40)
Battery: 220 AH, 12 V, Surrette Series 400 (2.64 kWh)
Inverter: as per H. Clews catalog (40)
Autonomous Systems Option
firsth costs per installed kW
costs cost salvage 0 yrannualscgit 20 vr
system ( 7 (
tower { 650 ! | {3250 325 | 292.50| 195.00 | 146.2%
inverter L, ) L
battery (1) 150 750 0 75.00 75.00 75.00
battery (2) 290 1450 0 145.00 | 145.00 | 145.00
battery (3) 430 2150 0 215,00 | . 215.00 | .215.00
interest 7 % add-on
maintenance 5%
(1) 402.60 | 293.40 | 238.80
Annual Costs per kW (2) 472.60 363.40 | 308.80
(3) | s42.60 | 433.40 [ 378.80
Shared Grid Option
First costs per 1nsta1]egnt§] -
cost cost salvage T e 2 T T ™
system 675
tower
inverter 1275
total 1950 9750 0 975.00 | A50.00] 487 50
interest 7% add-on 682 50 | 682 501 682 50
maintenance 5% 487,50 | 487.50| 487.50
Annual Cost per kW 2145,00 11820.00 1657.50
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#5. AEROWATT 300 FP7

2.0 m Dia

0.30 kW

Factory produced, distributed by Pennwalt (53)

Tower: Rohn guyed tower, 30 ft., from Solar Wind (40)
Battery: 440 Ah, 12 V, Surrette Series 400, (5.28 kWh)
Inverter: 12 v dc to 115 v ac, 60 cyc., 300 W
Autonomous Systems Option
75 costs per installed kW
costs cost |salvage (5 yra""“alscgit e
system 5250 17500 1750 1575.00 | 1050.00 | 787.50
tower 500 1667 167 150.00 | 100.00 | 75.00
inverter 125 417 42 37.50 37.50 37.50
battery (1) 290 967 0 96.69 96.69 96.69
battery (2) 575 1917 0 191.67 }:.191.67 | \191.67
battery (3) 860 2867 0 286.67 | 296.67 | 296.67
interest 7 % add-on
maintenance 1%
(1) 2007.90 | 1386.90 | 1076.40
Annual Costs per kW (2) 2110.50 | 1489.50 | 1179.00
(3) | 2213.10 [ 1592.10 [ 1281.60
SRR ggggsOpfinqnst 1led kW
) er i e
Z;;it cost sa]vaze a annual cost
g 10 yr 19 Lyr 20 yr
system 5250 10%
tower 500 10%
inverter 1275 10% .
total 7025 123417 2342 | 2107,50 | 1405,00] 1053.75
interest 7% add-on 1639.17 | 1639.17| 1639.17
_maintenance 1.3 234.17 | 234.17| 234.17
Annual Cost per kW 3980.84 |3278.34| 2927.09
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#6. SENCENBAUGH 8 ft. Dia. 0.750 kW
Owner assembled from kit form

Tower: Octahedron Module, 30 ft., Owner assembled
Battery: 440 AH, 12 V, Surrette Series 400 (5.28 kWh)
Inverter: 12 V dc to 115 V ac, 60 cyc., Terado

Autonomous Systems Option

First costs per installed kW
costs cost salvage 1041rannua}5c3it 28 ve
system 1400 1867 187 168.00 1112.00 84.00
tower 100 133 13 12.00 8.00 6.00
inverter 125 167 17 15.00 15.00 15.00
battery (1) 290 287 0 38.67 38.67 38.67
battery (2) 575 767 0 76.67 76.67 76.67
battery (3) 860 1147 0 114.67 | 114.67 |114.67
interest 7_% add-on
maintenance 3%
g b 257.04 | 191.
Annual Costs per kW (2) 298.83 | 232.
(3) | 340.63 | 274.

T e S SRS ——

Shared Grid Option
costs per installed kW
annual cost
10 yr 15 _yr

cost salvage

system 10%
tower 10%

inverter 10%
total 3700 370
interest 7% add-on
maintenance 3%

Annual Cost per kW
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#7. AEROWATT 1100 FP7 5 m Dia 1.1 kW

Factory produced, distributed by Penwalt (53)

Tower: Rohn guyed, 40 ft.
Battery: 120 AH, 115 V, Surrette Series 400, (13.8 kW)
Inverter: 115 V dc to 115 V ac, NOVA, 1500 W
Autonomous Systems Option
fipae costs per installed kW
costs cost salvage 10 yrannua15c$it TP
system 9630 8755 875 787.91 | 525,27 | 393.95
tower 660 600 60 54,00 36.00| 27.00
inverter 2290 2082 208 182361187 .36 1187 36
battery (1) 850 773 . B8 B D
battery (2) 1700 1545 0 154.55 | 154.55 | 154,55
battery (3) 2550 2318 231,82 1 231.82 1 231:82 |
interest 7_% add-on
maintenance 1%
(1) 1195.07 | 891.97 | 740.43
Annual Costs per kW (2) 1278.52 | 975.43 | 823.88
(3) | 1361.98|1058.88 | 907.34
Shared Grig Option TRTLT
R oo R BT T
~ 10 yr 15_yr Qv
system 9630 10%
tower 660 10%
inverter 1275 10%
total 11565 10514 1051 946.23 | 630.82| 473.11
interest 7% add-on 7563.95.| 753,95 . 753,95
maintenance 1% 105.14 | 105.14| 105.14
Annual Cost per kW 1787.32 | 1471.91| 1314.20
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#8. ELEKTRO WV 15 - 3 m Dia.
Factory import from Switzerland (40)

Tower: Rohn guyed, 30 ft.
Battery: 660 AH, 12 V Serrette (7.92 kWh)
Inverter: 12 V dc to 115 V ac, 500 W, Terado

o

2 kW

Autonomous Systems Option

Fipst costs per installed kW
costs cost salvage 10 annua]rcost
yr 16 “yp 20 yr
system 2450 2042 204 183.75 | 122 50 91 88
tower 500 417 42 32.50 25.00 18.75
inverter 150 120 13 1128 k128 11.25
battery (1) 435 363 0 36.25 362.5 36.25
battery (2) 865 721 0 72.08 72,08 72.08
battery (3) 1295 1079 0 107.92 107.92 1107.92
interest: 7_% add-on
maintenance 1%
(1) 290,25 1,210,600 +170.78
Annual Costs per kW (2) 328.95 1249.30 |209.48
(3) | 367.65 |288.00 |248.18
Shared Grid Option
first costs per instal]eﬁntgl -
cost cost salvage 10 yr 2 18w 50y
system 2450 10%
tower 500 10%
inverter 1275 10%
total 4225 3521 352 | 316.88 [211.25 | 158,44
interest 7% add-on 246.46 | 246.46 | 246.46
maintenance 1% 39321 35.21 39,21
Annual Cost per kW 598.54 |492.92 | 440.11




T
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#9. KEDKO 1200 12 ft D

Factory Produced .(35)

Tde ik

.2 kW

Tower: Octahedron Module, 30', Owner Assembled
Battery: 660 AH, 12 V, Surrette (7.92 kWh)
Inverter: 12 V dc to 115 V ac, 500 W, Terado
Autonomous Systems Option
first costs per installed kW _
costs cost |salvage |5 yra"”ualscgit' g
system 1695 1413 141 127.13 84.75 63.56
tower 100 83 8 7.50 5.00 3:75
inverter 150 125 13 11.25 11.25 11.25
battery (1) 435 363 0 36.25 | 36.25 | 36.25
battery (2) 865 721 72.08 | 72.08 | 72.08
battery (3) 1295 1079 107.92 - | 107.92 |107.92
interest 7_% add-on
maintenance 3%
(1) | 200.34 [150.98 |126.29
Annual Costs per kW  (2) | 239.76 [190.39 |165.71
(3) | 279.18 |229.81 [205.12
S ggégénpfinq stalled kW
: er installed kk
Z;git cost sa]vage anaual cost
: 10 yr 15 _yr 20 yr
system 1695 10%
tower 100 10%
inverter 1275 10%
total 3070 2558 256 230,25 1153,20 | 115,13
interest 7% add-on 179.08 |179.08 | 179.08
maintenance 3% 76.75 | 76.75 | 76.75
Annual Cost per kW 486.08 |409.33 | 370.96
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HELION TWELVE FOOTER 12 ft Dia., 2.0 kW

Owner built from plans by Jack Park

Tower: Octahedron Module, 30 ft., Owner built from plans
Battery: 885 AH, 12 V, 4-12 V units, Surrette (10.62 kWh)
Inverter: 12 V dc to 115 V ac, 500 W., Terado

Autonomous Systems Option

first costs per installed kW
costs cost salvage 10 yrannua15c3it 50 vr
system 500 250 25 22.50 15.00 11,25
tower 100 50 5 4.50 3.00 2. 25
inverter 150 75 8 6.75 6.75 6.75
battery (1) 575 288 0 28,75 28.75 28.75
battery (2) 1140 570 0 57.00 57.00 57.00
battery -(3) 1705 852 0 85.25 85.25 85.25
interest 7_% add-on
maintenance 5 % .
(1) 70.00 59.92 54.88
Annual Costs per kW (2) 101.64 -| 91.56 86.52
(3) 1133.28 [123.20 [118.16
Shared Gr‘itt‘:i Option e
glgit cost C221iazzr it gnnua] Cos%
: 10 _yr 1.y 20 vp
system 500 10%
tower 100 10%
inverter 1275 10%
total 1875 938 94 84.38 | 56.25 | 42.19
interest 7% add-on 65.63 69.03 65.63
maintenance 5% 46.88 46.88 46.88
Annual Cost per kW 196.88 |168.75 | 154.69
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#11. DUNLITE 2000 3.66 m Dia 2.0 kW

Factory built, Australian import (40)

Tower: Self supporting 40 ft, 3-leg, with tower top
Battery: 120 AH, 115 V, Mule with straps and indicators (13.8 kw)
Inverter: dc to ac at 115V, surplus rotary 300 W, 65% efficient
Autonomous Systems Option
first costs per installed kW
costs cost salvage 10 Mra"”ualscgit 20 vr
system 3725 1863 186 367, 6381 181 75 83.81
tower 910 455 46 40.95 27.30 20.48
inverter 250 125 0 12.50 1. 50 12.50
battery (1) 850 425 0 42.50 42.50 42.50
battery (2) 1700 850 0 85.00 85.00 85.00
battery (3) 2550 1275 0 127,50 '1:127.50 -1127.50
interest 7_% add-on
maintenance 1%
(1) 284.67 1209.57 |172.03
Annual Costs per kW (2) 330.57 .61 256.47 1 237.93
(3) |376.47 |301.37 |263.83
Shared Grid Qption
et costs per insta]]egntﬁl -
cost cost salvage 10 vr a 15 o 20 vr
system 8725 10%
tower 910 10%
inverter 1275 10%
total 5910 2955 296 | 265,95 1177.30
interest 7% add-on 206.85 |206.85
maintenance 1% 29.55 | 29,55
Annual Cost per kW 502.35 |(413.70
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#12. WINDWORKS TWELVE FOOTER

Home-built from plans

Tower: Octahedron Module, 30 ft.

Battery: 885 AH, 12 V, Surrette (10.6 kWh)
Inverter: 12 V dc to 115 V ac, 500 W Terado

12 ft. Dtag 2.0 kW

Autonomous Systems Option

costs per installed kW

z;;ig cost salvage 10 yrannualscgit 20 vr
system 300 150 i 15 13.50 9.00 6.75
tower 100 50 ! 4,50 3.00 2.25
inverter 150 75 8 6.75 6.75 6.75
battery (1) 575 288 0 28,75 | 28,75 | 28 75
battery (2) 1140 570 0 57.00 57.00 57.00
battery (3) 1705 852 0 85.25 85 .25 57.00
interest 7 % add-on
maintenance 5. %
(1) 59,92 83,20 49.84
Annual Costs per kW (2) 91.56 84.84 81.48
(3) 112320 1116.48 [113.12
Shared Grid Option
PP costs per installed kw] —
cost cost salvage T anngg yi TR
system 300 10%
tower 100 10%
inverter 1275 10%
total 1675 838 84 75,38 .1 50,28 137 .60
interest 7% add-on 58.63 58.63 58.63
maintenance 5% 41.88 41.88 41.88
Annual Cost per kW 175.88:.1150.75- 14138.19
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#15. JACOBS WIND ELECTRIC 3000

Minneapolis Factory Closed 1957

Tower: Octahedron Module, 72 ft.

Battery: 260 AH, 115 V, Surrette (29.9 kWh)

Inverter: dc to ac 115 V, Nova, 1500 W

16 ft. Dia 3.0 kW

Autonomous Systems Option

Fipét costs per installed kW
costs cost |salvage (5 yran”“alscgit T
system 2425 808 81 72.75 48.50 36.38
tower 900 300 30 27.00 18.00 13.50
inverter 2290 763 77 68.70 68.70 68.70
battery (1) 1990 663 0 66.33 66.33 66.33
battery (2) 3325 1108 110.83 1110.83 }1118.83
battery (3) 4660 1553 156,33 71165.33. 1195:33
interest 7_% add-on
maintenance 1%
(1) 253,56 1217.65 199,70
Annual Costs per kW (2) 301.62 .1 265.71 " 1247.76
(3) | 389.68 [313.77 [295.82
Shared,Grig Option P
gégit cost C:zliazzr o g""“a] cost
: 10 yr 15 _yr 20 yr
system 3050 10%
tower 900 10%
inverter 1275 10%
total 5225 1742 175 156.75 | 104.50 78.38
interest 7% add-on 121.92 [121.92 | 121.91
maintenance 1% 17.42 17.42 17.42
Annual Cost per kW 289.15 | 236.90 | 210.77
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#17. AEROWATT 4100 FP7

Factory produced, Distributed by Penwalt (53)

Tower: Rohn guyed, 80 ft

Battery:

9.8 m Dia.

Inverter: dc to ac at 115V, Soleq, 3000 W

4.1 kW

450 AH, 115 V, Surrette Series 400 (51.75 kWh)

Autonomous Systems Option

Fivet costs per installed kW
costs cost salvage 10 yra"”uaiscgit 50 vr
system 21690 5290 529 476.12 | 317.41 | 238.06
tower 1200 293 29 26.34 17.56 13.17
inverter 4500 1098 110 98.78 98.78 98.78
battery (1) 3325 811 81.10 81.10 §<u81.10
battery (2) 6650 1622 162.20'| '162.20 | 162.20
battery (3) 9975 2433 243.29 | 243.29 | 243.29
interest 7_% add-on
maintenance 1 %
(1) 736.92 | 556.04 | 465.60
Annual Costs per kW (2) 824.51 | 643.62 | 553.18
(3) | 912.10] 731.21 [ 640.77
Shared Grid QOption
First costs per installed kW
cost cost salvage 10 vr anngg]yiost 39 vr
system 21690 10%
tower 1200 10%
inverter 1275 10%
total 24165 5894 589 530.45 | 353.63| 265.23
interest 7% add-on 412.57 | . 412.57] 412,57
maintenance 1% 58.94 58.94 58.94
Annual Cost per kW 1001.96 | 825.15| 736.74
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ELECTRO WV 35G

4.39 m Dia

Factory import from Switzerland (40)

4.5 kW

Tower: Rohn guyed, 40 ft.
Battery: 260 AH, 115 V, Surrette Series 400 (29.9 kWh)
Inverter: dc to ac 115 V, Nova, 1500 W
Autonomous Systems Option
First costs per installed kW
costs cost salvage 0 yrannua15c3§t e
system 4900 1089 109 98.00 65.33 49.00
tower 660 147 15 13.20 8.80 6.60
inverter 2290 509 51 45.80 45.80 45.80
battery (1) 1990 442 0 44 .22 44,22 44 .22
battery (2) 3325 739 0 73.89 73.89 73.89
battery (3) 4660 1036 0 103.56 | 103.56 |103.56
interest 7_% add-on
maintenance 1%
(1) 217.32 ¥177.28 ~Jl1afed!
Annual Costs per kW (2) 249.36 |209.33 |189.31
(3) | 281.40 [241.37 [221.36
Shared Grig Option el
st Tt Tailiage [reiHsLaast
: 10 yr 15 yr 20 yr
system 4900 10%
tower 660 10%
inverter 1275 10%
total 6835 1519 152 136.70 91.13 68.35
interest 7% add-on 106.32 | 106.32 | 106.32
maintenance 1% 15.19 19,19 15.19
Annual Cost per kW 258.21 212.64| 189.86
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#20. ELEKTRO WVG50G 5 m Dia 6.0 kW
Factory import from Switzerland (40)

Tower: Rohn guyed, 50 ft.
Battery: 450 AH, 115 V, Surrette Series 400, (51.75)
Inverter: dc to ac at 115 V, Soleq, 3000 W

Autonomous Systems Option

ot costs per installed kW _

costs cost salvage 10 yran"“alscsit 0 vr
system 5335 889 89 80.03 53,356 40.01
tower 775 129 13 11.63 L.15 5.81
inverter 4500 750 75 67.50 | 67.50 | 67,50
battery (1) 3225 535 0 53.50 53.50 93,00
battery (2) 5695 949 0 94.92 94.92 94,92
battery (3) 8165 1361 0 136.08 [136.08 |136.08

interest 7 % add-on
maintenance k%

(1) |229.67 |196.67 [180.17
Annual Costs per kW (2) 274.40 |241.40 |?224.90
(3) | 318.86 |285.86 |269.36

S —
Shared Grid Option

P costs per inSta]1§gn5§1 -

cost cost salvage 10 yr 18 vr 20 yr
system 5335 10%
tower 775 10%
inverter 1275 10%
total 7385 1231 123 1110.78 | 73.85 | 55,39
interest 7% add-on 86.16 86,16 86.16
maintenance 1% 12,31 1231 12.31

Annual Cost per kW 209.24 {172.32 | 153.85
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FORTRAN TV COMPUTER PROGRAM LISTING'
- The fo]iowing ﬁsta short description and a listing of the computer
programs used {h this analysis- ' | R |
'ANNSUM'A Lists .annual average frequency d1str1but1ons and power
durat1on for a spec1f1ed 1ocat1on Also outputs NAMETM,_]Jst1ng percent ;;.
‘time at speed _ _ | o | |
ANSUM Lists . twelve frequency d1str1but1ons and power durat1on
curves _one for each average month for a spec1f1ed 1ocat1on
DIVAR: * Lists diurnal variation in mean wind speed and-mean'powerA.'
densdty,.by‘average‘month'and auerageiyear,‘for'a~specified 1ocation~
LOWIND' Computes the number of occurrences. of consecut1ve data:.
po1nts below a spec1f1ed w1nd speed Lists number of data po1nts, ,
hours, number of occurrences and probab111ty of occurrence :
MLIST: Output is one page table 11st1ng twelve average month]y

. values of mean w1nd speed power density, energy denS1ty _Annua]

. averages 11sted in th1rteenth row

MOLIST L1sts month]y mean wind speed power dens1ty and energy B
"dens1ty, consecut1ve1y by month, “for a spec1f1ed ]ocat1on

OBER Ana1ys1ses w1nd system performance with res1dent1al
11e1ectr1c load under the shared grid opt1on

'STORAGE Ana1ys1ses w1nd system performance with res1dent1a1

e]ectr1c 1oad under the 1ndependent systems opt1on
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ARRAY: Lists complete performance and economic eva]uationlof
‘thiry wind systems at ten locations. Requires five input files
containiﬁg iriformation on percent time ét speed by 1OCation; wind
i turbine'butput-as a'fuﬁction of wind speed, wind éystem size ihformation,.

use factor file, and economic cost information.
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! 769,0BERMEIER, 1. ANNSUM
'LIMIT (TIME,1),(CORE,19),(L0,10),(U0,10)
'AS3IGN F:203,(FILE,LOCATION),(IN),(SAVE)
IASSIGN ¥:12,(FILE,MISTM),(OUT),(SAVE)
' FORTRAN GO,LS
DIMENSI@ON N(248,12,4), IFRQC0:50), IMAX(12,4),FR(0:50)
DIMENSI@N C(0:50),@BS5(0:50),PWR(0:50),PTM(0:50),PBWR(0:50)
DIMENSI@N CPTM(0:50)
LM=4
DEN=1.142 )
D2 11 J=1,248
D@ 11 K=1,12
DO 11 L=1,LM
N(JsKsL)=0
11 CONTINUE
KNTR=T@T=TPWR=TENRG=0
D@ 12 JK=1,51
JJ=JK-1
C(JJ)I=BBS(JJI=PTM(JJI=CPTM(JJ)I=PBWR(JJI=FR(JJI=IFRQCJJ)=0
12 CONTINUE ;
D@ 13 L=1,LM
D2 13 K=1,12
READ(C105,14), IM@, IYR, I1CYs IMAXC(K, L)
14 FORMAT(312,13)
READ(C105,15) (NCJsKsL)s»J=1, IMAXC(K,L)
15 FORMAT(4012)
13 CONTINUE
D@ 40 L=1,LM
D@ 40 K=1,12
D@ 40 J=1, IMAX(KsL)
KNTR=KNTR+1
M=N(J, K, L)
IFRO(M)=1FRQ (M) +1
40 CONTINUE
GO TOC1,2,3,455,6,758,9,10)ICY
1 WRITEC108,21)
21 FEZRMAT (15X, 'GREAT FALLS FOUR YEAR SUMMARY, 1970-=73',//)
GO TO@ 16
2 WRITE(C108,22) :
22 FORMAT(15X%, *"MISS@ULA TW@ YEAR SUMMARY, 1969,1973',//)
G@ T@ 16
3  WRITEC108,23)
23 FORMAT (15X, 'KALISPELL TW@ YEAR SUMMARY, 1972=73',//)
GO TO 16
4 WRITEC1I08,24)
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24 FORMAT(15X, 'GLASG@OW FOUR YEAR SUMMARY, 1970-73',//7)
GO T@ 16
5 WRITE(C108,25)
25 FORMAT(15X, 'BILLINGS FQUR YEAR SUMMARY, 1970-73',//)
G@ T@ 16
6 WRITEC108,26)
26 F@RMAT(15X, "MILES CITY FOUR YEAR SUMMARY, 1970-73',//)
Go@ TO 16
7 WRITE(C108,27)
27 FORMAT(15X, '"HAVRE FOUR YEAR SUMMARY, 1970-73',//)
GU T@ 16
6 WVRITE(C108,28)
28 FORMAT(15X, *HELENA F@UR YEAR SUMMARY, 1970-73',//)
Ge TO 16
9 WRITE(108,29)
29 FORMAT(15X, 'B@ZEMAN FOUR YEAR SUMMARY, 1973-=73',7//)
Go T@ 16
10 WRITEC108,30)
30 FORMAT(1S5X,'LIVINGSTON F@UR YEAR SUMMARY, 1970-73',//)
16 CONTINUE
WRITE(C108,17)

17 FBRMAT(//," WIND SPEED IN: TOTAL « 593 PERC
CENT P@VER CuM 2',/,°" KN@TS MPH M/
CSEC UBS PWR TIME WATT/M2 KW=HR/M2 TIME
G’uZ)

D@ 18 M=1,51
I=M=1
Al=1

WSP=Al*1.1508
WSPD=WSP*0. 44704
C(I)=IFRQCI)
B=KNTR
FR(I)=C(I1)/B
PTMCI)=FR(I)*100.
PURCII=C16e /27 ) %0« SkDEN*WSPD**3
POWR(I)=PWR(I)*FR(I)
TPWR=TPWR+PQWR (1)
TOT=TBT+PTM(1)
CPTM(1>=100.00-T@T
WRITEC108,31)1,WSP,WSPDs IFRQCIJD,PWR(IDsPTMCI),PBWR(I), CPTM(I)
31 FORMAT(5X12,5XF4e1,5XF6e1s6XI14s3XF7¢0s5XF5¢2,5XF5¢2,19XF5¢2)
WRITEC16,41) PTMCI)
41 FORMAT(FS5.2)
16 CUONTINUE
TENRG=TPWR*8. 766
WRITEC108, 32)KNTR, TOT, TPWR, TENRG
32 FORMAT(5X, *TOTALS *»21X15, 14XF6¢2,3XF7+2,5XF7.0)
END '
--FE@F HIT AFTER K8




TS

1JOB 769,0BERMEIER, 1. ANSUM

'LIMIT (TIME,2),(CORE,45),(L0,75),(U0,75)

'A3SIGN F:203,(FILE,LOCATION), (IN),(SAVE)

{FORTRAN GO, LS
DIMENSION N (€50, 12,45, 1FROC0:61), IMAYC(12,4),FR(0:61)
DIMENSI@BN C(0t61),@BSC0:61),PWR(0:61),PTM(0:61),PBWR(0:61)
DIMENSI@N CPTM(0:61)
LM=4
DEN=1.041
DB 11 J=1,850
D@ 11 K=1,12
D@ 11 L=1,LM
N(JsKsL)=0

11 CONTINUE
D@ 13 L=1,LM
D@ 13 K=1,12
READ(203, 14) IM@, IYR, ICYs IMAX(K,L)

14 FORMAT(312,13)

READ(203,15) (N(JsKsL)»J=1, IMAX(K,L))

15  FO@RMAT(4012)

13  CONTINUE
D@ 33 K=1,12
KNTR=T@T=TPWR=TENRG=0
DO 12 JK=1,61
JJ=JK=1 i
CCJJ)=BBS(JJI=PTM(JJ)=CPTM(JJ)=PBWR(JJ)=0
PWR(JJI=FR(JJ)=1FRQ(JJ)I=0

12 CONTINUE

D@ 40 L=1,LM
D@ 40 J=1, IMAX(K,L)
KNTR=KNTR+1
M=N(JsKsL)
IFRQ(M)=IFRQ (M) +1

40 CONTINUE
WRITEC108,21)K

21 FO@RMATC('1',15%,'LIVINGSTON M@BNTHLY LIST FOR MONTH ',12)
WRITEC108,17)

17 FORMAT(//," WIND SPEED IN: T@TAL «593
CENT POWER CUM %2°',/," KN@TS MPH
CSEC . @BS PWR TIME WATT/M2 KW=HR/M2
&

DO 18 M=1,61
I1=M=1

Al=1

PERC
M/
TIME




VSP=Alx*1.1508
WSPD=WSP*0. 44704
C(I)=IFRQCI)
B=KNTR
FR(1)=C(I)/B
PTM(I)=FR(I)*100.
PWR(CI)=(16¢ /27« )*0+ S¥DEN*WSPD**3
POWR(I)=PWR(I)*FR(I1)
TPWR=TPWVR+POWR(I)
TOT=TAT+PTM (1)
CPTM(1)=100.00-TOT
WRITEC108,31)1,WSP,WSPD,» IFRQCIJ,PWR(I),PTM(I),PBWR(I),
CCPTM(I)
31 FOERMAT(SX12,5XF4¢ 1,5XF6e 1,6X14,3XFT7¢0,5XF542,5XF5.2,
Cl19XF5.2)
18 CONTINUE
TENRG=TPUR* &« 766
WRITEC108,32)KNTR, T@T, TPWR, TENRG
32 FOPMAT(5X, "TOTALS'»21X15, 14XF6¢2,3XFT7¢2,5%XF7.0)
33 CE@NTINUE
END
-=-EPF HIT AFTER 61

1JOB 769,0BERMEIER, 1. DIURNAL VARIATION
ILIMIT (TIME,1),(CORE,39),(L0,25),(U0,25)
'ASSIGN F:203,(FILE,LOCATION),(IN),(SAVE)
'FORTRAN GO,LS




21

22

23

4049

DIMENSI@N N(E,31,12,5), IMA¥XC(12),JMA¥Y(12),XBAR(8,12)
DIMENSION XIS(8B,12),KNTR(8,12),X12(8,12),1FR(8,12,0:50)
DIMENSION AXIS(8),AKTR(B8),AXI2(8),RMWS(8), IPUR(8,12)
DIMENSI@ON FRCT(8,12,0:50),PBWR(8B,12,0:50),PWR(8,12), TPWR(S8)
DIMENSION RFR(8,12,0:50),RKNTR(8,12), IATP(8)
DEN=1.103
LM=5

D@ 10 L=1,LM

D@ 10 K=l.,12

D@ 10 J=1,31

D@ 10 I=1,8
N(I,J,K,L)=0

CONTINUE
D@ 3 L=1,LM

D@ 3 K=l,12
READ(203, 1) IM@, IYR, ICY, IMAY(K)

FORMAT(312,13)
JMAX(K)=IMAY(K)/§&
READ(203,2)((NCI,JuoKsL)s1=1,8),Jd=15JMAX(K))
FORMAT(4012)
CONTINUE

DB 21 K=l,12

DB 21 I=1,8
XISCILK)=XI2CI,K)=KNTR(I,K)=XBAR(I,K)=RKNTR(I,K)=0
CONTINUE

D@ 22 MI=1,51

M=MI1=-]
D@ 22 K=l,12

DO 22 I=1,8

IFRC(I,K,M)=RFR(I,K,M)>=0

CONTINUE

D@ 4 L=1,LM

DB 4 K=1,12

D@ 4 J=1,JMAX(K)

DB 4 I=1,8
RN=N(I,JsK,L)

YISCI,K)=XISC(I,K)+RN

KNTRCILK)=KNTR(CI,K)+1
REKNTRCI,K)=KNTR(I,K)
¥BAR(I.K)=(XISCI,K)/RKNTR(CI,K))*l.1508
XI2CI,K)=X12C1,K)+RN%%2
M=N(I,JsK,L)

IFRCILKoM)=IFR(IsKsM)+1

CONTINUE

D@ 23 I=1.8
AXISCI)=AKTR(I)=AXI2C1)=TPWR(1)=0.

IATP(1)=0
C@NTINUE

D@ 5 K=],12
D& S5 I=1,8
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AYISC(I)=XISCI,K)+AXIS(I)
AKTRC(ID)=KNTR(I1,K)+AKTR(I)
AYI2C1)=XI2CI,K)+AXI2(C1)

CONTINUE

DO 6 I=1,8

RAWS CI)=CAXISCI)/AKTR(IDI*1. 1508

CONTINUE

WRITECI0E, 11)

FORMATC(10/,42%, "BILLINGS MONTANA', 7/,

C33%, 'DIURNAL VARIATION IN MEAN SPEED, BY MONTH', /.

C36X, 'TIME OF DAY AM T@ PM., SPEED IN MPH',//,

C20%5 "M@NTH 1=3 4-6 T7=9 10-12 ik 4-6 =9
C 1 10=12%7)

D@ 7 K=1,12

WRITECI08, 8)Ks (XBAR(I,K)»1=1,8)

FORMAT(22X12, 8C4XF4.1))

CONTINUE

WRITEC108,12)(RMWUSCI)» I=1,8)

FORMAT(/,21Xs "MEAN '» 3XF44 1, 7C4XF44 1))

DO 24 1=1,8

D@ 24 K=1,12

PWR(I,K)=0

CONTINUE

D@ 15 K=1,12

D@ 15 1I=1,8

D2 15 MI=1,51

M=MI~-1

WSP=M%*0.5144536

RFRCILK,M)=1FR(CI,KsM)

RKNTR(I,K)=KNTR(I.,K)

FRCTC(I,KsM)=RFR(I1,KsM)/RKNTR(I,K)

POWRC(I,KoM)I)=C0e SXkDENX*WSP**3)%FRCT(1,K,sM)

PWR(CI,K)=PWR(I,K)+POWR(1,K,M)

IPUR(I,K)=PWR(1,K)

CONTINUE

D@ 16 K=1,12

D2 16 1=1,8

TPWR(CID)=TPWR(I)+PWR(I,K)

IATPC(I)=TPWR(I)/12.

CONTINUE

WRITEC108,17)

FORMAT('1',10/,42X, 'BILLINGS MONTANA', //»
C29X, 'DIURNAL VARIATION IN MEAN POWER DENSITY., BY MONTH',/,
C31X%, "TIME O0F DAY AM T@ PM, P@WER .IN WATTS/METER SQ°',//»
C21X%, "MONTH 1«3 4-6 T%9 10=12 {3 4-6 T7=9
Cc 10=12%,7)

DO 1& K=1,12

WRITECIO&, 9)K, CIPWRCILK), I=1,8)

FORMAT(23X12,8C4Y14))

CONTINUE
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WRITEC108,14) CIATPCI),1=1,8)
14 FORMAT(/,22X, '"MEAN"',3X14,7¢4X14))
END
-=-EOF HIT AFTER 103.

!JOB 769,@BERMEIER, 1.  LOVIND
ILIMIT CTIME, 1), (CORE, 38), (L0, 25), (UG, 25)
!ASSIGN F:203, (FILE,BILDATA)s (IN), (SAVE)
IFORTRAN G@,LS
DIMENSI@N N (248,60, IMAX(60),LSNC0:50),RPRAC0:50)
DIMENSI@N RLSN(¢0:50)
CoeeeoeMONTH LIMITecoeoccscscece
ML=60
DB 3 K=1,ML
READ(203, 1) IM@, IYR, ICY, IMAX(K)
3 READ(203,2) (N(JsK)sJ=1, IMAXCK))
FORMAT(312,13)
2  FO@RMAT(4012)
TKNTR=LKNTR=LSEC=HKN TR=RLPTM=HPTM=0
D8 10 J=1,51
JK=J-1
10 LSN(JK)=0
D@ 6 K=1,ML
DO 6 J=1, IMAX(CK)
TKNTR=TKNTR+ 1
I=N(JsK)
IF(1.LE.16) GO T@ 4
Go To S
4  LKNTR=LKNTR+1
LSEC=LSEC+1
GO TO 6
5  LSN(LSEC)=LSN(LSEC)+l
LSEC=0
HKNTR=HKN TR+ |
6 CONTINUE
RLKN TR=LKN TR
RLPTM= (RLKNTR/TKNTR) %100+
HPTM= (HKNTR/TKNTR) %100+
D8 7 L=1,51

—
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LL=L~-1
L3=LL*3
RLSN (LL)=LSN (LL)
RPROC(LL)=RLSN(LL)/TKNTR
7 WRITEC108, 8)LL,L3,LSN(LL),RPROCLL)
8 FORMAT(15X12,5X13,5X16,5XE10.3)
WRITEC108, 9)RLKN TR, HKN TR, TKN TR, RLPTM, HPTM
9 FORMAT(/,25XF5¢0s5XF7¢0,5XF8¢0s/425XF6e2,5XF6+2)
END
ILBAD: (G@)
IRUN
1E@D

1JOB 769,0BERMEIER, 1. MLIST

!LIMIT (TIME,1),(CORE,16),(L0O,10),(U0,10)

IASSIGN F:203,(FILE,LOCATION), (mS , (SAVE)

{FORTRAN GO,LS
DIMENSI@N N(248,12,5), IFR(0:50),RFRC0:50), FRCTC0:50)
DIMENSIBN PBWR(0:150), IMAX(12)
WRITEC108,5)

S FORMAT (32X, "GREAT FALLS MONTANA',//.,
C15X, "MONTH MEAN WIND SPEED POWER"'
C, 5X, "ENERGY"',» /.,
C25X, 'KTS MPH M/S w/M2 KWH/M2',/7)
LM=5
DEN=1.068

TKNTR=TSUM=TP@WR=TNRG=0
DO 6 J=1,248
DB 6 K=1,12
D@ 6 L=1,LM
N(J,»K,L)=0
6 CONTINUE
D@ 7 L=1,LM
DB 7 K=1,12
READ(203, 1) IM@, IYR, ICYs IMAX(K)
1 FORMAT(312,13)
READ(203,2)(NC(JsKaL)sJ=1, IMAX(K))
FORMATC4012
CONTINUE
D@ 33 K=1,12
D@ & JK=1,51
KK=JK=-1

=
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IFR(KK)=RFR(KK)=FRCT(KK)=POWR(KK)=0
CONTINUE

SUM=TPWR=TENRG=KNTR=RNTR=0

D@ 9 L=1,LM

D@ 9 J=1,IMAX(K)

IN=N(JsKsL)

RN=N(J,K,L)

IFRCIN)=IFRCIN)+1

KNTR=KNTR+ 1|

SUM=SUM+RN

CUNTINUL

RMAX=IMAX (K)

RNTR=KNTR

TKNTR=TKNTR+KNTR

TSUM=TSUM+SUM

D@ 10 MI=1,51

I=MI-1

RFR(CI)=IFR(I)

RI=1I

WSPD=0. 514453632%R1
FRCTC(I1)=RFR(I)/RNTR
POWR(I)=(0+.296296296*DEN*WSPD**3)%FRCT(I)
TPWR=TPWR+POWR(I)
TENRG=TENRG+POWR(1)*0.720

CONTINUE

RMWSK=SUM/RNTR

RMWSE=RMWSK*1. 1508

RMWSM=RMVUSE*Qe« 44704
WRITEC108,11)K, RMWSK, RMVSE, RMWSM, TPWR, TENRG
FORMATC18X12,3(5XF4e 1), 8XF541,5XF5¢1)
TPROWR=TPRWR+TPWR

TNRG=TNRG+TENRG

CONTINUE

TMWSK=TSUM/TKN TR

TMWSE=TMWSK*1. 1508
TMWSM=TMWSE*QO« 44704

TP=TP@VR/12.

TE=TNRG/12.
WRITEC108,12)TMWSK, TMWSE, TMWSM, TP, TE

FORMAT (/5 9X, " ANNUAL MEAN ', 3(5XF4+ 1), 8XF5¢ 15 5XF5e 1)

END

==-EQF HIT AFTER 66,
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1JOB 769, 0BERMEIER, 1. MOLIST
'LIMIT (TIME,1),(CORE,6),(LO,10),(U0,10)
'A3SIGN F:203, (FILE,LOCATION),(IN), (SAVE)
! FORTRAN GO,LS
DIMENSI@ON N(CE30), IFR(0:61),RFR(0361),FRCT(0:61),POWRC0:61)
DIMENSIGBN ENRG(0:61)
HR=730.
WRITE(C108,5)
5 FORMAT (15X, "BOZEMAN MONTANA', /.,
C15%X, "MONTH'»5Xs *"MEAN WIND',5X, 'P@WER', 5%, *ENERGY ', /s
C25X, 'SPEED MPH',5X, *WATT/M2',5X, "KW=HR/M2',77)
DENS=1.032 )
D@ 12 K=1,48
READ(203,1)IM0, IYRs ICYs IMAX
1 FORMAT(312,13)
READ(203,2)(N(J)s,J=1, IMAX)
2 F@RMAT(C4012)
SUM=TPWR=TENRG=0
D@ 4 J=1,61
JL=J=-1
IFR(JL)=RFR(JL)=FRCT(JL)=PBWR(JLI=ENRG(JL)=0
4 CONTINUE
D@ 3 J=1, IMAX
IN=N(J)
RN=N¢J)
IFRCIN)=IFRCIN)+!
SUM=SUM+RN
3 CONTINUE
RMAX= IMAX
DG 14 M=1,61
L=M=~]
RFRCL)=IFR(L)
RL=L
WSPD=RL*0. 514453632
FRCT(L)=RFR(L)/RMAX
POWR(L)=(0+296296296%DENS*WSPD**3)*FRCT(L)
ENRG(L)=P@WR(L)*HR%*0+001
TENRG=TENRG+ENRG (L)
TPWR=TPWR+PBWR (L)
14 CONTINUE
RMWS=(SUM/RMAY)* 1+ 1508
WRITE(C108, 15)K, RMWS, TPWR, TENRG
15 FORMAT(16X12,8XF542, 8XF6e1s8XF601)
12 CONTINUE
END
~~EQF HIT AFTER 41
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1JOB 769, 0BERMEILR, 1. @BER
{LIMIT (TIME,3),(CORE,24),(L0,25),(UB,25)
TASSIGN F:300,(FILE,LOCATION), (IN), (SAVE)
TASSIGN F:301,(FILE,LO@GADI!1)Y, (IN), (SAVE)
!ASSIGN F:302,(FILE,LOBAD2), (IN), (SAVE)
1ASSIGN F:303,(FILE,WINSYS), C(IN),» (SAVE)
IF@RTRAN G@,LS,ADP
REAL L@D,LDW,LOAD(8,12)
INTEGER WS(60,248), IMAX(60)
DIMENSIOBN CHAR(22,0:65),SUPLY(248),ATSUPLY(248)
CeeeeeMONTH LIMIT IS ML
CeseeeYEAR LIMIT IS IYL
ML=60
I1YL=5
WRITE(C108,7)
CeeeeeZERD WIND SPEED AND O@THER ARRAYSeeccsscces
D@ 100 KIl=1,ML
D@ 100 K=1,248
100 WS(KI,K)>=0
D@ 108 K=1,248
108 SUPLY(K)=ATSUPLY(K)=Q0.
Ceseee INPUT ALL WIND SPEED DATAccccccccoccccsce
' D@ 101 KI=1,ML
READ(300, 1) IMAX(KI)
101 READ(300,2)CWS(KI,K),K=1, IMAX(KI))
Ceseee INPUT CHARACTERISTIC PERFORMANCE INFORMATIONessso oo
D@ 109 JJd=1,22
READ(C303,4) (CHAR(JJ,1),1=1,65)
109 CHAR(JJ.20)=0¢
D@ 107 L2=l,2
WRITECI08,5)
IF(L2.GT.1)G@ T@ 103
DB 102 IM=1,12
102 READ(301,3)(LOADCIH,IM)»1H=1,8)
G@ T@ 105
103 D@ 104 IM=1,12
104 READ(302,3)(LOADCIH, IM), IH=1,8)
CeseeeD@ ONCE FBR EACH WIND SYSTEMesoesocosssces
105 D@ 107 JJd=1,22
L@D=SUPLY1=SUPLY2=LDW=FMPC=TMPC=RATI10=0.
SHTG=EXSUPLY=0.
CeeeeeeDO FOR EACH WIND SPEED IN THREE HOUR STEPSecccce
D@ 106 1Y=1,1YL
D@ 106 IM=],12
KJ=IM+(1Y-1)%12
IDA=IMAX(KJ)/E&
D@ 106 1ID=1,1IDA
D@ 106 IH=1,8
LOD=L@D+LOADCIH, IM)
K=(ID=1)%8+1IH
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N=WS (KJ,K)
SUPLY(K)=CHAR(JJsN)*3« %0« 9507

Ceoeees QUTPUT IS ATTENUATED FOR ELEVATION AT HELENAeeoo

SUPLY1=SUPLY1+SUPLY(K)
ATSUPLY(K)=0+ 90%SUPLY(K)

Ceeee« ENERGY ATTENUATED 10% FOR THIS 8 KW INVERTERe eeses

106

107

(S0 % I v

<o

1LUAD

INUN
1EQF

SUPLY2=SUPLY2+ATSUPLY(K)
IFCATSUPLY(K)+ EQe LAADCIH, IM))LDW=LDW+ATSUPLY(K) 3}
CG@ T@ 106
IFCATSUPLY(K)« LT« LOADCIH, IM))LDW=LDW+ATSUPLY(K)}
CSHTG=LOADCIH, IM)-ATSUPLY(K)JFMPC=FMPC+SHTG3G@ T@ 106
LDW=LDW+LOADCIH, IM)

EXSUPLY=ATSUPLY(K)~LOAD(1H, IM)

TMPC=TMPC+EXSUPLY

CONTINUE

RYL=1YL

ANSUPLY=SUPLY/RYL

FR1=LDW/L@D

FR2=FMPC/L@D

UF=LDW/SUPLY1

RATIO=LDW/FMPC

WRITE(C108,6)JJ,L0BD, SUPLY1,ANSUPLY, SUPLY2,LDW,
CFMPC, TMPC, FR1, FR2,RAT10, UF, JJ

CONTINUE

FORMAT(6XI3)

FORMAT(4012)

FORMAT(8F6. 3)

FORMAT(10F8. 3)

FORMAT('1',18%, 'LOD SUPLY ANSUPLY SUPLY2 LDV FMPC
C FRI1 FR2 RATIO UF'»/7)

FORMAT(12X12, 7(XF7«0),4(XF5.3),X12)

F@RMAT(///,20X, 'VARIABLE DESCRIPTI®@N: ‘a/H
C22X, 'L@D-~TOTAL RESIDENTIAL L@AD BVER 5 YRS, IN KWH'./,
C22X, *SUPLY~--ENERGY DEVEL@PED BY WIND TURBINE IN 5 YRS',/,
C22X, "ANSUPLY--ANNUAL ENERGY BY WIND TURBINE',/,
C22X, 'SUPLY2~--ATTENUATED ENERGY BY WIND TURBINE IN 5 YRS's/,
C22X, 'LDW--L@AD DELIVERED BY WIND SYSTEM',/,
C22X, "FMPC--ENERGY FROM MONT P@WER CﬂMPANY'o/a
C22X, *TMPC--ENERGY T@ MPC NETW@RK',/,
C22X, "FRI=~-FRACTIONAL PURTION @F LOAD FREM WIND',/,
C22X, "FR2--FRACTIONAL P@RTION @F LBAD FROM NETWGRK':/:
C22X, "RATI@-~-ENERGY FR@OM / ENERGY TO NETUORK':/:
C22X, "UF~~USE FACTOR = LDW / SUPLY )

END

(Ge)

=#EQF HIT AFTER 90.

TMPC
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!J@D 769, OBERMEIERs 1. STORAGE

'LIMIT (TIME,9),(CZRE,24),(L0B,25),(UB,25)
'ASSIGN F:300, (FILE,L@CATION)Y, C(IN),» (SAVE)
TASSIGN F3:302, (FILE,WINSYS)» C(IN), (SAVE)
!ASSIGN F:302, (FILE,SCAP), (IN), (SAVE)
!ASSIGN F:303,(FILE,LEADI1), (IN), (SAVE)
'ASSIGN F:304, (FILE,LBAD2), (IN)s (SAVE)
!F@RTRAN GE.,LS

Coeccone

Ceooee

Ceecene

100

Coeoscne

101

Coesene

102

Covcee

103

104

202

‘106

203

108

REAL LOD,L@AD(8,12),LDV,LNDW
INTEGER WS(60.,248)

DIMENSION CHAR(22,0:65), SUPLY(248),ASUPLY(248), IMAX(60)

DIMENSI@N SCAP(22,3),STBR(22)
M@NTH LIMIT IS MLesesoosss

YEAR LIMIT I5 IYLesooos

ML.=60

IYL=5

ZERQ WIND SPEED ARRAYeses e

DO 100 KI=1,ML

D@ 100 K=1,24¢

WSC(KI,K)>=0

INPUT WIND SPEED DATAccccss

D@ 101 KI=1,ML
READ(300, 1) IMAX(KI)

READ(300,2) (WS(KI,K)sK=1, IMAXCKI))
INPUT CHARACTERISTIC PERFORMANCE AND STORAGE INF@.
DB 102 JJ=1,22

READ(301,3) CCHAR(JJs 1)51=1,65)
CEAR(JJ»0)=0.
READ(302,4)(SCAP(JJ,1),1=1,3)
WRITEC108,5)

SELECT @PTI@N OF STORAGE AND LOADeccscscscs
D@ 300 NU=1,6

IF(NU.GT«1) G@ T@ 202

D& 103 IM=1,12

READ(303,6) (LBADCIH, IM)s IH=1,8)
D2 104 JJ=1,22
STOR(JJI=SCAP(JJ, 1)
WRITECIOE,11)

WRITEC108,7)

G@ T@ 200

IF(NU.GT«2) G2 T@ 203

DR 106 JJ=1,22
STOR(JJI=SCAP(JJ,2)
WRITEC106,12)

WRITECI08,7)

G¢ T 200

IF(NU«GT.3) GB@ T@ 204

D@ 108 JJd=1,22
STOR(JJI=SCAP(JJ, 3)
WRITEC108,13)
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WRITEC108&,7)
G@ T@ 200
204 IF(NU«GT.4) G@ T@ 205
DB 109 IM=1,12
109 READ(304,6)(LOADCIHs, IM), 1H=1,8)
D@ 110 Jd=1,22
110 STOR(JJI=SCAP(JJ, 1)
WRITE(108,21)
WRITEC108,7)
G@ T@ 200
205 IF(NU«.GT«5) GO T@ 206
D@ 112 Jd=1.,22
112 STOR(JJI=SCAP(JJ,2)
WRITE(108,22)
WRITEC108,7)
G@ To 200
206 DO 114 JJd=1,22
114 STOR(JJI=SCAP(JJ, 3)
WRITE(108,23)
VRITEC108,7)
Cese e« EXECUTE STORAGE SYSTEM LOGIC ONCE FOR EACH WIND SYSTEMe.
200 D@ 300 JJd=1,22
CeseeeSET INITIAL CONDITIONS TGO ZERDesccccocsse
Cees e« BATTERIES ARE INITIALLY FULLY CHARGED
STRG=STOR (JJ)
SUPLY1=SUPLY2=LDW=EXSUPLY=DIFF=P@VR=0.
SHTG=LNDW=DEFCT=LOD=ELOST=ENRGL=ENRG=0+
KNTR=IDA=ICOUNT=0
CeesesWPRK FOR 1YL YEARS @F 3-HOURLY WIND DATAcccces
D@ 98 1Y=1,1YL
D@ 98 IM=1,12
KJd=IM+(1Y=-1)%12
IDA=IMAX(KJ)/8
D@ 98 ID=1,1DA
D@ 98 IH=1.,8
ICOUNT=ICOUNT+1
LOD=L@D+LAADCIH, IM)
K= CID=1)%6+ 111
N=VS5(KJs K)
Ceeee s ATTENUATE POWER SUPPLIED DUL T@ DENSITY AT GREAT FALLS 09533
SUPLY(K)=CHAR(JJ,N)*3+ %0+ 9533 :
Ceees« SUPLY! 1S TOTAL AMT OF ENERGY GENERATED A
Ceeoss TERMINALS @F WIND GENERATORe oececcscsscsccssscs
SUPLY1=SUPLY1+SUPLY (K)
Ceees s ATTENUATE SUPLY FOR HOME USE WITH INVERTERseeesse
ASUPLY(K)>=0+ 93%SUPLY (K)
Ceeses S5UPLY2 IS TOTAL AMT OF ATTENUATED SUPPLY AVAILABLE
Ceese s FROM THIS WIND SYSTEM IN THIS LOCATION. sesssssse
SUPLY2=SUPLY2+ASUPLY (K)
IF(ASUPLY(K)« EQe LOADCIH, IM) )LDW=LDW+ASUPLY(K)3G@ T@ 98
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IFCASUPLY(K)e LTe LOADCIH, IM))LDW=LDW+ASUPLY(K);GO T@ 97
IF(ASUPLY(K)«GTe LOADCIH, IM))EXSUPLY=ASUPLY(K)=LOBADCIH, IM)
CiGB T@ 96
97 DIFF=LBADCIH, IM)=-ASUPLY(K)
Cesse s ATTENUATE STBRAGE; THIS IS @NLY PATHWAY
CeeeeeT@ USE ENERGY STURED IN BATTERIES. seccccccs
ASTRG=STRG *0. 865
IFC(ASTRG«GT« DIFF)LDW=LDW+DIFF;ASTRG=ASTRG-DIFF;
CSTRG=ASTRG*1. 1565 GO TO 98
IF(ASTRG. EQ« DIFF)LDV=LDW+DIFF;ASTRG=ASTRG-DIFFJ
CSTRG=ASTRG*1.156; GO TO 98
IFCASTRG« LT« DIFF)LDW=LDW+ASTRG; SHTG=DIFF-ASTRG;
CLNDW=LNDW+SHTG> STRG=ASTRG=0+« ;KNTR=KNTR+1,G@ TO 98
Ceeee s KINTR COUNTS NUMBER BF OCCURANCES @F FAILURE
Cesses@F TOTAL SYSTEM T@ SUPPLY LOAD WHEN DESIRED. sevee
96 EXSUPLY=ASUPLY(K)=-L@ADCIH,IM)
LDW=LDW+LOADC(IH, IM)
IF(STAR(JJI+GTe STRGIDEFCT=STAR(JJI=STRGS G@ T@ 95
ENRGL=ENRGL+EXSUPLY
IF(STRG« EQe STAR(JJ)) GB TO 98
WRITE(C108, 8)
ST@P
95  1IF(EXSUPLY«GT«. DEFCT)EL@ST=EXSUPLY=-DEFCT;
CENRGL=ENRGL+EL@ST;STRG=STRG+DEFCT; G@ T@ 98
IF(EXSUPLYe. EQe DEFCT) STRG=STRG+DEFCT; G@ T@ 98
IFCEXSUPLY« LT« DEFCT)STRG=STRG+EXSUPLY; GO T@ 98
98 CONTINUE
RYL=1YL
ANSUPL=SUPLY!1/RYL
RATI@=LDW/LNDW
FR1=LDW/L@D
FR2=LNDV/L@D
UF=LDW/SUPLY1
300 WRITE(108,9)JJ,L0OD,ANSUPL,LDW, LNDWs ENRGLs STRGs» KNTR.
CUF,»FR1,FR2,RATI0,JJ
C.....FGRMAT LISTING.....‘....I.'..........l........l..
FORMAT(6X13)
FORMAT(4012)
FORMAT(10F8. 3)
FORMAT(3F6.2)
FORMAT (20X, ' THIS QUTPUT LISTS INDEPENDENT SYSTEMS INFORMATIGN',/,
C22X, *THERE ARE 22 DIFFERENT WIND SYSTEMS', /.,
C22%, "WITH NUMERATI@N BASED ON LIST IN PROGRAM ARRAY'./.,
C22X, *TW@ LOAD SCHEDULES; AUTH@RS AND '.,/,
C30X, 'AVERAGE RESIDENTS USE'./,
C22%, "LOCATION; GREAT FALLS INTL AIRP@RT',//,
C20X» 'VARIABLE DESCRIPTIBN:',//,»
C22X, 'L@D--TATAL RESIDENTIAL LOAD QVER 5 YRS',/,
C22X, "ANSUPL~~ANNUAL. ENERGY BY WIND TURBINE',/,
C22X, "LDW=~LOAD DELIVERED BY WIND SYSTEM './,

bW -
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C22X, 'LNDW--L@AD N@T DELIVERED BY WIND SYSTEM ',/,

C22X, 'ENRGL--ENERGY L@ST, AVABLE FROM GENERAT@R',/.,

C30X, 'BUT N@T UTILIZED WITH THIS SYSTEM & SCHEDULE'.,/.,

C22X, 'STRG--REMAINING ST@RAGE CAPACITY AFTER 5 YRS',/.,

C22X, "KNTR--NUMBER @F @CCURANCES @F LOAD NOT SUPPLIED BY ',/
C30X»*SYSTEM; RE: ALS@ # OF DEEP CYCLES IN BATTERIES'.,/,
C22X%, 'UF--USE FACT@R = LDV / SUPLYI1'./,

C22X, 'FR1--FRACTION @F LOAD DELIVERED BY WIND SYSTEM',/.
C22X%, 'FR2--FRACTION @F LOAD N@T MET BY VWIND SYSTEM', /.,

C22X, "RATI@--LDW / LNDW')

FORMAT (8F6. 3)

FORMAT(11X, "LOD ANSUPL LDV LNDW ENRGL STRG KNTR
C UF FR1 FR2 RATIO',//)

FORMAT(S5X'STOP DUE T@ LOGIC ERR@R AND BATTERY @VERLGAD')

FORMAT(5X12, 6 (XF8+0),X15,3(XF543),XF643,2X12)

FORMAT('1"',25X, '"PERFORMANCE @UTPUT FOR INDEPENDENT SYSTEMS',/,
C25X, 'WITH QUTPUT OPTI@BNS: LBGAD 1 STOR 1',/7)
FORMAT('1',25X, "PERFORMANCE QUTPUT F@R INDEPENDENT SYSTEMS',/,
C25%, "WITH QUTPUT OPTIONS: LeAaD 1 STOR 257 /)
FORMAT('1',25X, 'PERFORMANCE QUTPUT FOR INDEPENDENT SYSTEMS',/.,
C25X, *WITH @UTPUT OPTIONS: LOAD 1 STOR 3'5/7)
F@RMAT('1',25X, *"PERFORMANCE QUTPUT F@R INDEPENDENT SYSTEMS',/,
C25X%, 'WITH @OPTI@BNS: LBAD 2 STBR 1',//7)

FORMAT('1',25X, "PERFORMANCE @UTPUT F@OR INDEPENDENT SYSTEMS',/,
C25%,'WITH @PTI@NS: LBAD 2 STOR 2',//7)

23 FORMAT('1',25X, 'PERFORMANCE @QUTPUT F@R INDEPENDENT SYSTEMS',/,
C25X%, 'WITH @PTIONS: LOAD 2 STOR 3',/7)
END i
IL@AD (G@)
!RUN
'EQF

==EOF HIT AFTER . 173.
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1JOB 769, 0BERMEILER, le ARRAY

!LIMIT (TIME,2), (CURE,34),(L0B,100),(UB,100)

!ASSIGN F:102, (DEVICE,L2)

!LDEV L2, (FORM,2861)

!ASSIGN F:200, (FILE,PTMFILE), CIN), (SAVE)

IASSIGN F:201,(FILE,WINSYS), CIN), (SAVE)

!ASSIGN F:202,(FILE,SYSINF@), (IN), (SAVE)

!ASSIGN F:203,(FILE,UFILE), (IN), (SAVE)

!{ASSIGN F:204, (FILE,ECON), (IN), (SAVE)

!FORTRAN GO@,LS,X
DIMENSIO@N PTM(11,65),CHAR(65,32),08UT(11,32),DCF(11)
DIMENSION QUT2(11,32),08UT3(11,32),0UT4C11,32),0UTS5C11,32)
DIMFNSIUN SYSINFO(32,3),0UT6C11,32),ECONC12,32)
DIMENSION UF3C12,14,11,2),UFC12,32,11,2),0UT7¢12,32,11.,2)
DIMENSI@N QUTHEC11,32)

C NUMBER OF WIND SYSTEMS IS DESIGNATED NVS

C NUMBER @F WIND SPEEDS IS DESIGNATED NSP

C NUMBER @F LOCATIONS 1S DESIGNATED NLO
NSP=65
NwWS=32
NLO=10

X WRITEC108,13)

X WRITEC108,28)

C READ INFORMATION FROM FILES Sesessessssssscsssssasansn
DO 10 J=1,NSP

10 READ(200,1)NLOG, (PTM(1,J),1=1,NLO)

X WRITE(C108,19)

X D@ 34 J=1,NSP

X 34 WRITECI08,39)JsNLU, (PTM(1,J)s1=1,NLB)Y»J

D@ 11 K=1,NWS
READ(201,2) (CHAR(J»K)»J=1,NSP)
READ(202,3) (SYSINF@(K,L),L=1,3)

11 READ(204,29)(ECON(J1,K)»J1=1,12)
D@ 44 J3=1,NLO
DO 44 Ja=1,2
DB 44 J2=1,14

44 READC203,47)(UF3(J1,J2,d3,Jd4),d1=1,12)

Cese.-.REORDER THE USE FACTOR ARRAY

D@ 43 Ja=1,2
D@ 43 J3=1,11
D@ 43 Jl=1,12
UF(J1,1,J3,J4)=UF(J1,4,J3,J4)=UF(J1,13,J3,J4)=0.
UF(J1,14,J3,J4)=UF(J1,16,J3,J4)=UF(J1,18,J3,J4)=0.
D@ 45 Kl1=21,32

45 UF(J1,K1,J3,J4)=0.
UF(J1,2,Jd3,J4)=UF3(J1,1,J3,J4)
UF(J1,3,J3,J4)=UF3(J1,2,J3,J4)
DB 46 K2=3,10
K3=K2+2

46 UF(J1,K3,J3,J4)=UF3(J1,K2,J3,J4)
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UF(J1,15,J3,J4)=UF3(J1,11,J3,J4)
UF(J1,175,J3,J4)=UF3(J1,12,J3,J4)
UF(J1,19,J3,J4)=UF3(J1,13,J3,J4)
43 UFCGJL1,20,J3,J4)=UF3CJ1,14,J3,J4)
Cosoncanse DENSITY CORRECTION FACTORS sssesscces
Coeosooense REFERENCE DENSITY OF ALL CHARACTERISTIC FUNCTIONS
Cososonan 15 ASSUMED T@ BE 1057 GM/M3 WHICH C@RRESP@NDS TO
Covoossnane ROGM TEMP AT 1000 FT ELEVATION. sessssssncsene
DCF(1)=0.9213
DCF(2)=DCF(3)=0+9533
DCF(4)=1.0078
DCF(5)=0.9888
DCF(6)=0+9965
DCF(7)=0.9507
DCF(8)=0.9836
DCF(9)=0.9715
DCF(10)=0.9326
C ccsesccns AT EACH LOCATION “ecsesscsscnnse
D@ 12 I=1,NLO
D@ 12 K=1,NWS
QUTC(I,K)=0.
DO 12 J=1,NSP
12 AUTCL,K)=0UTC(I,K)+ (0«01 )%PTMC(1,J)*CHARC(J,K)*DCF(I)

¢ essene MEAN POWER QUTPUT SECTION cescse
X WRITKCIOB,S)
Y. DV 14 K=1,NWS
Y 14 WRITECIOB,4)KoNLO, (BUTC(ILK)»I=1,NLO),LK
c cseces MUNTHLY ENERGY QUTPUT cecssas
DO 15 K=1,NVS
D@ 15 1=1,NLOQ
1S5 WUT2C1,K)=QUT(1,K)*730.5
X WRITEC108,6)
X D@ 16 K=1,NWS
X 16 WRITEC108,7)K,sNL@, (BUT2C1,K)»1=1,NLOB),K
c escces ANNUAL ENERGY OUTPUT sseses
D@ 17 K=1,NWUS
D@ 17 1=1,NLO
17 OQUT3(I,K)=BUT(I,K)*B766.
X WRITEC108, 8)
X D@ 18 K=1,NWS
X 18 WRITEC108,7)K,NLOB, (BUT3(I1,K)»1=1,NLO),K
(¥ esscsese SPECIFIC ENERGY QUTPUT SECTI®ON s606 860
D@ 20 K=1,NWS
D@ 20 I=1,NLG
20 QUT4CILK)=BUT3CI,K)/SYSINFR(K,2)
4 WRITECIOE,21)
¥ DO 22 K=1,NWS
X 22 WRITLCI08,23)K,NLO, (BUT4CILK)»I=1,NLR)I,K
C cosces PERCENT SPECIFIC ENERGY QUTPUT cesses

DO 24 K=1,NVS
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D@ 24 I=1,NLO
QUTSC(I,K)=(BUT(I1,K)/SYSINFO(K,2))%*100.
WRITE(108,25)

D@ 26 K=1,NVS

WRITE(C108,27)KsNL@B, (BUTS(1,K)»1=1,NLB),K
eseces MONTHLY @GUTPUT PER AREA SECTION
D@ 30 K=1,NVS

D@ 30 I=1,NLO
QUTE6C1,K)=0UT2(I,K)/SYSINFOB (K, 1)
WRITEC108,31)

D@ 32 K=1,NVS

WRITEC108,27)KsNLB, (BQUTEC1,K)» I=1,NLO),K

[:-CEN“MIC SECTIBN......‘...C......l.'.I..Q.‘.....'.l'...".......

WRITEC108,36)
DB 35 K=1,NWS
D@ 35 1=1,NLO
D@ 35 Ja=1,2
DB 35 Jl=1,12

QUT7(J1,Ks15J4)=ECONC(JI,K)/(BUTACILKI*UF(J1,Ks1,Jd4))

ITBN=45

D@ 37 J4=1,2

DB 37 J5=1.,4

D@ 37 J6=1,3
J7=J6+(J5-1)%3

COUNTS FROM ONE TO TWELVEeeeececsccccsccscccscccccscsccnse

J8=JT7+(J4-1)*12

COUNTS FROM ONE TQO TWENTY=FOUReccssceccscocscsscecssccscscssccscccnsosse

ITBN=ITBN+1
WRITEC10€,38)ITBN,JE
D@ 49 K=2,3

WRITECI08,40)K,NLO, (BUTT(JT,Ks15J4),1=1,NLO)LK

D@ 50 K=5,12

WRITECIO&,40)KsNLOB, (QUT7(JT2Ks10J4)51=21,NLA)LK

D@ 51 K=15,19,2

WPITECIOE, 40)KsoNLO, (QUT7C(J7,Ks 1,J4),1=1,NLOB)LK

K=20

WRITLECIO8B,40)KoNLO, (BUTT(JT,Ks15J4)51=1,NLOB)LK
OPTIMUM ECUNOMIC PERFORMANCE SECTIONesssscecscsccsccnsnsce

DU 41 K=1,NVS

D@ 41 1=1,NLO
QUTBC(1,K)=ECOBN(12,K)/QUTA4(1,K)
WRITE(108,42)

D@ 48 K=2,3

WRITECIOE,40)K,sNL@,» COUTBC(I,K)» I=1,NLB), K
D@ 52 K=5,12

WRITEC108,40)K,NLO, (BUTBC(1,K)»1=1,NLO),K
D@ 53 K=15,19,2

WRITEC108,40)K,NL@, (QUTE(1,K)» I=1,NL@),K
K=20

WRITEC10€,40)K,NL@, (BUTB(1,K),I=1,NLB),K
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FORMAT(NFS5.2)
FORMATC(10F8.3)
FORMAT(F7+2,F8+2,F6. 1)
FORMAT(12X12,X,N(XF7«3),2X12)
FORMAT('1',2/,43X, "MEAN PQWER @UTPUT IN KW', //,
C37X, "READ TEN LOCATIONS ACR@SS IN COLUMNS',/.,
C35X, "READ THIRTY-TW@ WIND SYSTEMS DOWN BY ROV',//,
C20X,'L1V Ge Fe BILL GLAS MILC HAVRE HELNA KAL
C MSLA BRZ')
FORMAT('1',2/,39X, "MEAN M@NTHLY ENERGY QUTPUT IN KWH',//,
C37X, "READ TEN LOCATI@NS ACR@SS IN COLUMNS',/.
C35X, "READ THIRTY-TW@ WIND SYSTEMS D@WN BY ROW',//,
C20X, "L1V Ge Fe BILL GLAS MIC HAVRE HELNA KAL
C MSLA BOZ')
FORMAT(11XI12,2X,N(2X16),2X12)
FORMAT('1',2/,39X, "MEAN ANNUAL ENERGY QUTPUT IN KWH'.//,
C35X, "READ TEN LO@CATIBNS ACR@SS IN COLUMNS',/,
C33X, "READ THIRTY-TW@ WIND SYSTEMS D@WN BY ROV',//,
C21X,"'L1V GeFo BILL GLAS MIC HAV HEL KAL
C MIS BOZ')
FORMAT(23X, *THE TEN COLUMNS IN THE @UTPUT LISTINGS',/,
C23X, "REFER T@ THE FO@LLOWING LOCATIONS:',///,

cl0x," LOCATI®ON ELEVATION TEMP. DENSITY SPEED',//,
Cl0%,' 1| LIVINGST@ON 4653 4442 1066 14e1°, 7/,
Cl0X,' 2 GREAT FALLS 3662 4449 1103 124',7,
Cl0X,' 3 BILLINGS 3567 4603 1103 1165% 74
ClOX,' 4 GLASGBW 2284 415 1166 11.0%, 7,
Cl0X,' S MILES CITY 2629 4543 1144 10.8', 7,
Cl10X," 6 HAVRE 2584 4242 1158 10e4°,7,
C10X,* 7 HELENA 3828 4342 1100 7925/
Cl0X,' 8 KALISPELL 2965 4148 1138 69',/,
Cl0%,"' 9 MISS@ULA 3190 43.7 1124 6e5',7/,
Cl0X,'10 BOZEMAN 4451 417 1079 64", //,
Cl0X,"11 CUT BANK 3838 405 1101 12.6',7,
Cl0X,'12 DILLON 5218 4245 1048 9¢1',7,
C10X,'13 LEWVISTOWN 4145 419 1091 101,777,

C23X, "DURATI@N CURVES UNAVAILABLE F@R CUT BANK, DILL@N, ',/,
C23X, "AND LEWIST@WN. UNITS ARE: FT, DEGREES F,',/. G

C23X, "GRAMS PER METER CUBED, MILES PER HOURe')

FORMAT('1"',42X, *PERCENT TIME AT SPEED',/, '

C32X, "READ 10 LOCATIONS ACROSS, 65 SPEEDS D@WN., KNOTS's//,
Cl19%X,"'L1V GeFe BILL GLAS MIC HAVRE HELNA KAL
C MSLA BOZ')

FORMATC('1°,2/,35%, *SPECIFIC ENERGY @UTPUT IN KWH/ANNUM/KW',//,
C37X, "READ TEN LOCATIONS ACROSS IN COLUMNS', /.,
C35X, "REEAD THIRTY-TWQ WIND SYSTEMS D@WN BY ROW',//,
C27%X,'LIV G.F. BILL GLA MIC HAVR HELN KAL MSLA B@Z')
FORMAT(22X12,N(2X14),2X12)

FORMAT('1',/, 44X, '"PERCENT SPECIFIC QUTPUT',//,
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C30X, "KW MEAN QUTPUT / KW INSTALLED CAPACITY, PERCENT',/.
C35X'READ TEN LOCATIONS ACRBSS IN COLUMNS', /.,
C33X, "READ THIRTY-TW@ WIND SYSTEMS D@WN BY ROW',//,
C27X,'LIV GeFe BILL GLA MIC HAVR HELN KAL MSLA BOZ')
27 FORMAT(22X12,N(2XF4.1),2X12)
28 FO@RMAT('1°'30X,"'THE 32 WIND SYSTEMS ARE:',///.,

C20%, " SYSTEM DIAMETER CAPACITY',//,
C20%,"' 1 AEROWATT 24 FP7 1.00 0.015',7,
C20%,"' 2 * AEROWATT 150 FP7 2.00 0.100',7,
C20%," 3 * WINDCIHARGER 2.63 0.200',7,
C20%,"' 4 BUCKNELL 0.225',7,
C20X,"' 5 * AEROWATT 300 FP7 3.20 0.275',/,
C20X,' 6 * SENCENBAUGH (AWES) 2.44 0+900',7.,
C20X»"' 7 * AER@WATT 1100 FP7 S5.00 1.100',7,
C20X,' 8 = ELEKTR@O WV 15G 3.00 1.200',7,
C20%»," 9 x KEDK@ 1200 3. 66 1.200',7,
C20X» "10 * HELI@N 12 FTR 3+66 2+000"',7/,
C20X, "1l * DUNLITE 2000 3.66 2.000°',7,
C20X,"12 * WINDWORKS (AWES) 3.66 2.000',7/,
C20X%,"13 DARIUS VERTICLE AXIS 3+66 2.000', 7/,
C20X%, "14 WINDWOARKS W JAC@BS GEN. 3.66 3.000',7,
C20X,"15 * JAC@BS W.E. 3000 4457 3.000', 7,
C20X%X»"16 HELION 16 FTR 4.88 3.500',7,
C20X»"'17 * AERQVATT 4100 FP7 9. 80 4+100'57,
C20%,"18 WINDWORKS P@WR AT BLADES 3.66 44500',7,
C20X,'"19 % ELEKTR@ WV 35G 439 4.500',7,
C20X%, '20 * ELEKTR@ WVGS50G 5.00 6.000', 7,
C20x%,'21 HUTTER WE 10/G6 10.00 6+000°', 7,
C20X, '22 DANISH MILL 8.00 13.000',7,
C20X, '23 BRACE AIRSCREY 975 25.000', 7,
C20X%, '24 HUTTER-ALLGAIER L@W RANGE 35.00 90.000', /.,
C20X%, '25 HUTTER-ALLGAIER MID RANGE 35.00 90.000"', 7,
C20%,'26 HUTTER~ALLGAIER HI RANGE 35.00 90.000°', 7,
C20X%, '27 GOULDING S 100 KW 18.29 100.000"', 7,
C20X, '28 ANDREAU-ENFIELD 24.00 100.000', 7,
C20%, '29 THE GEDSER MILL 24.00 200.000', 7,
C20%, '30 NASA 100 KW SYSTEM 37.80 100.000',7.
C20X%, '31 HUTTER S 100 KW 100.000',7/,
C20%. '32 PUTNAM REVISED DESIGN 5334 1500.000',777,

C25X., "* ECONOMIC ANALYSIS AVAILABLE FO@R THESE SYSTEMS', /.

C25X, "DIAMETER IN METRES 5 CAPACITY IN KILOWATTS')
29 FORMAT(12F6.0)
31 FO@RMAT('1°',/,35X, "MEAN MO@NTHLY ENERGY @UTPUT PER UNIT AREA',//,

C49X%, 'KWH/MBNTH=-M2", /.,

C37X, "READ TEN LOCATIONS ACR@SS IN COLUMNS',/,

C35X, "READ THIRTY=TW@ WIND SYSTEMS D@WN BY ROW',//.,

C27X,"LIV Ge.F. BILL GLA MIC HAVR HELN KAL MSLA B@Z')
33 FORMAT(XI2,N(2XF7+1).3X12) i
36 FORMATC'1',24X, 'THE FOLLOWING 24 PAGES OF QUTPUT',/.,

C20X, "GIVE THE COSTS IN CENTS PER KWH',/,
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C20X, 'OF ENERGY DELIVERED T@ A RESIDENTIAL LOA s/

C20%, "DASED ON 1974 U.Se DULLARS'./, 4

C20X, "FUOR EACH UF 14 SYSTEMS AT 10 LOCATIONS.'.//,

C20X, "THE CONDITIONS ARE LISTED AS FOLLOVWS:1',///,

C 150 ¥ kakok ok ok ok ok o ok 3 oK o ok ko o 8 o ko o o ok o o o o o o o 0 o o o ok ok ok ko o ok ok ok oK kR ok ok Y,/

C15X, "% 1 & 13 LOAD 1 ST@R | LIFE 20 *'2/,
C15X, "* 2 & 14 LOAD | STOR | LIFE 15 *'5/,
Cl15X, "* 3 & 15 LOAD |1 STOR 1 LIFE 10 *',/,
Cl15X%X, "% 4 & 16 LBAD 1 STBR 2 LIFE 20 *'s/,
C15X, "% 5 & 17 LOAD 1 STOR' 2 LIFE 1S *',/,
C15%, "% 6 & 18 LBGAD 1 STBR 2 LIFE 10 *',/,
C15X, "% 7 & 19 LGAD 1 STAR 3 LIFE 20 *',/,
C15X, "% 8 & 20 L@GAD 1 STOR 3 LIFE 15 *'s/,
C15X, "% 9 & 21 LGAD 1 ST@R 3 LIFE 10 *'s/,
C15X, "% 10 & 22 LOAD | STeGR O LIFE 20 *'s/,
C15Xs "% 11 & 23 LBAD 1 STBR O LIFE 1S *',/,
C15X%, "% 12 & 24 LOGAD 1 STBR O LIFE 10 *'5/,

C 15X ¥ sk o ok ok o o ke ok o ke 2 o ok ok b e ok ok o ok ok e o ke o e o o o ok o ok ok ok ok ok ok R R ok ok Rk ok k Y, £/ /,
C20X, 'REPEAT AGAIN FOR LOAD 2 T@ OBTAIN CONDITI@NS 13-24',//,
C20X, "THE VARIABLES ARE:',/,
C20X» "LOAD 1: LBAD SCHEDULE FOR AUTHOR S FAMILY @F F@UR',/,
C20X» "LOAD 2: LOAD SCHEDULE FOR AVERAGE MONTANA RESIDENT',/,
C20X,'STOR 1: STORAGE CAPACITY AS IN APPENDIX B',/.,
C20X, YSTOR 2: STORAGE CAPACITY TWICE ST@R 1°',/,
C20X, "ST@R 3: STORAGE CAPACITY 3 TIMES STOR 1°',/,
C20X, "STOR 0O: N@ STO@RAGE, SHARED GRID SYSTEM USING',/.»
C30X, "THE 8 KW INVERTER AVAILABLE FROM WINDW@RKS',/.
C20X, "LIFE 20: 20 YEAR LIFE @N SYSTEM AND TOWER, 10 ON REST',/.
C20X, "LIFE 15: 15 YEAR LIFE ON SYSTEM AND TOWER, 10 ON REST',/.
C20X, "LIFE 10: 10 YEAR LIFE @N ALL COMPONENTS',/,
C20X, YEXCEPTI@ON: 20 YR LIFE @ON 8 KW INVERTER F@R ALL CONDITIONS®)
38 FORMAT('1%,6/,51X,'TABLE ',12,//, ;
C39X, "ECON@GMIC SECTI@N: CONDITION # *,12,//7, b
C29X%,"'LIV GeF. BILL GLAS MIC HAVR HELN KAL MSLA BBZ',/)
39 FORMAT(12XI2,N(3XF5.2),3X12) '
40 FORMAT(24X12,N(XF5.1),X12,7)
42 FORMAT('1°',39X'MINIMUM RESIDENTIAL WIND ENERGY CBSTS',/.
C38X, *FOR THE SHARED NETWORK @PTI@ON, 20 YR LIFE',/,
C45X"IN CENTS PER KIL@WATT-HOUR',//)
47 FUORMAT(F4+3,11(XF4.3))

END
ILVAD (GO)
{RIN
1EQF

==EOF HIT AFTER 284.
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