EVALUATING WIND ENERGY POTENTIAL IN LOUISIANA

MIKE FRENCH, P.E.

September, 1981

Louisiana Department of Natural Resources

Research and Development Division

Baton Rouge, Louisiana



Evaluating Wind Energy Potential

in Louisiana

by Mike French
Louisiana Department of Natural Resources
Research and Development Division

Baton Rouge

September, 1981

The purpose of this report is to present a methodology for
assessing the onshore potential of utilizing the wind as a
source of energy in Louisiana. Discussion of the many types of
wind energy conversion devices, mechanical designs, system con-
figurations, etc., is beyond the intended scope of this report.
The reader is referred to the various references for information
in these areas.

Wind energy conversion has a relatively low potential in
Louisiana due to the relatively low wind velocities throughout
the state. As a general rule, a minimum average annual wind
velocity of 10-12 miles per hour (MPH) is required for an economi-
cal wind energy installation to be considered. The average annual 11
wind speed is less than 10 MPH for 97% of the land area in Louisiana .
The remaining 3% of Louisiana has an average annual wind speed of
less than 11.5 MPH, and this area is confined to a small area along
the Mississippi River below Port Sulphur and along exposed shore-
lines of the Gulf of Mexico. Average annual wind speeds for various
locations in Louisiana are provided in Table I.

Amount of Energy in Wind

Wind energy conversion devices or "wind machines' convert
the energy of a moving stream of air into energy in a more useable
form such as mechanical energy for operating water pumps or
generating electricity. The energy available in a wind stream is
a function of air density, the wind velocity, and the area inter-
cepting the wind (the area swept by the wind machine blades).
The power density of a wind stream at constant velocity V is given

by

!

h ~ P/a = 0.05472v3 (1)



where P is power in watts, A is wind intercept area-in square
meters, and V is wind velocity in miles per hour. The combined
term P/A is referred to as the wind power density. Using
equation (1), the power density of wind at a_constant velocity

of 9 MPH is 39.9 watts per square meter (W/m2). Since wind

power is proportional to the cube of the wind speed, a wind :
stream of 18 MPH, which is only twice 9 MPH, has a power density
of 319.1 W/p2 which is eight times the power density of a 9 MPH

wind. Small differences in wind speed make large differences :
in wind power. '

The preceding power densities were calculated using constant
wind speeds. The wind, of course, does not blow at a single
constant velocity. To properly assess the wind power available at
a given site, it is necessary to collect data on wind speed
duration and frequency of occurence. The average annual wind speeds
given in Table I give an overall idea of the amount of wind through-
out the state, but use of these values in equation (1) will give
erroneous results. For example, if the wind blows at 10 MPH
half the time and at 20 MPH half the time, the average wind speed
is 15 MPH. = The power density at 10 MPH is SSQW/mZ and at a 20 MPH
it &s 438 w/m2 for a todotal available power of 247 W/.2 which is
62 "/m2 more than the 185 W/p2 available in a steady 15 MPH wind.
Also, wind machines have a "cut-in speed,'" which is the minimum
wind speed necessary for the wind machine to operate. The cut-in
speeds of most wind machines designed for electrical power
generation are 8 to 12 MPH with a few at 7 MPH. A wind machine
does not operate below the cut-in speed.

Wind power densities determined from measured wind speed
duration and frequency of occurence offer a true picture of the
available wind power. The average annual wind power densities
in Table I were generated from data collected over a number of
years. The wind power densities provided in Table I are represen-
tative of sites well exposed to the prevailing strong winds such
as hilltops, ridge crests, large clearings, and other locations
free of local obstructions to the wind. The values are not
representative for sites with poor wind exposure such as narrow
valleys, forested or urban areas, or sites downwind of hills and
obstructions. The percentage of time a given wind power density
is available is provided in Table II.

TABLE I n

AVERAGE ANNUAL WIND POWER DENSITY (W/p2)
AND AVERAGE ANNUAL WIND SPEED (MPH)

WIND SPEED POYER DENSITY AT HEIGHT OF

YEARS OF AT 10m

STATION LOCATION RECORD HEIGHT 10m 50m
Alexandria Esler Field Airport - 17 6.7 52 104
Baton Rouge Ryan Field Airport 20 8.3 67 133
Boothville Weather Bureau Office 7 9.4 96 192
Burrwood . Special Purpose Office 8 10.7 139 276
Lafayette Municipal Airport 10 7.6 59 117
Lake Charles Airport 17 9.2 87 173
Monroe Selman Field Airport 9 7.6 65 130
New Iberia Airport 4 4.3 17 34
New Orleans Moisant Int'l Airport 19 8.5 72 143

Naval Air Station 13 6.0 45 89
Shreveport Municipal Airport 12 8.3 62 123

Barksdale AFB 7 6.5 52 104



TABLE 11 11

Percentage of Time a Given Wind Power Density P/A is Exceeded
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Adjusting Wind Data for A Given Site

Wind data varies drastically from one location to another,
depending on the surrounding terrain and obstructions. Average
annual wind speed may measure 8 MPH in the open terrain of an
airport; whereas, the average wind speed measured in a residential
area one mile away may be only 6 MPH. A 6 MPH wind has only 427
of the available energy of a 8 MPH wind. This illustrates the
need to measure the wind speed and frequency of duration at the
actual site for at least.a year in order to avoid error in applying
wind data from another location.

For preliminary evaluation purposes or when actual site data
cannot be obtained, data from another site may be adjusted for
height and terrain. When the average annual wind velocity V,
or average annual power density Pj/A is known at a height above
ground Hj, then V) or Py/A may be estimated at another location
and height Hp with the %ollowing relationships:

H2|2@
Vo2 = Vi|HT (2)

3a
Hy
(Po/A) (P1/A) (ﬁI (3)

where the exponent a depends on surface roughness. Over smooth
terrain or water a = 0.14. In moderate terrain with wind obstruc-
tion from trees and low buildings such as houses a = 0.28. Over
rough terrain such as hills and tall buildings a = 0.40. These
wind profilesare illustrated in Figure I.
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Amount of Power obtainable from a Wind Machine

The preceding information on wind power density applies to
the amount of energy contained in the wind. All of the energy
contained in a wind stream cannot be converted into useable
power due to aerodynamic, mechanical, and electrical conversion
inefficiencies. The maximum theoretical efficiency (the Betz
coefficient) for converting wind energy to mechanical energy is
59.3%. Most wind machines have efficiencies lower than the
theoretical maximum; 40% is typical of many modern wind turbine
designs. Conversion of mechanical energy to electrical energy
has a typical efficiency of 95%, for an overall efficiency of
38%. Power conditioning and energy storage schemes introduce
further inefficiencies as shown in Figure II. Manufacturer's
literature should be consulted for efficiencies and power curves
for the specific wind machine under consideration.
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Example Calculation

The information presented in the previous sections is applied
in the following example: A rural doctor's office wishes to
evaluate installing a windmill to supply part of the electricity
requirements. The installation will not have any energy storage
capability (e.g., batteries). Anytime the windmill produces more
power than is needed, particularly at nights and on weekends, the
excess power will be metered into the utility grid and sold to
the utility. Under consideration is a horizontal axis, three
blade wind turbine with an alternator that will produce 10 KW at
a rated wind speed of 22 MPH. The cut-in speed is 8 MPH and the
rotor diameter is 8 meters (26 feet). The system described was
chosen from a list of commercially available wind machinesZ, and
the manufacturer's power curves and data have not been ordered.
The annual electricity consumption of the doctor's office is
43,200 kilowatt-hours (KW-HR). The rural office is located
southwest of Shreveport.

Question: Is there enough wind to justify installation
of the proposed wind machine?

The office is in a rural location approximately 30 miles southwest
of the Shreveport Municipal Airport. Since wind data has not

been collected at the office, wind data from the Shreveport Airport
will be utilized. The wind machine will be located in an open
field behind the office approximately 1000 feet from the nearest
trees. The surrounding terrain is flat. The wind machine will

be mounted on a 15 m (49 ft) tower.

Calculate the wind intercept area
(AT) of the horizontal axis wind
A turbine.

D2 (3.1416) (8m)? )
Ar = 4 = 4 = 50.3m
Calculate the average annual wind
power density (P/p) at a height of
v 15m over smooth terrain by adjusting
15m the wind data in Table I for the
Shreveport Airport.

From Table I, the average annual wind
power density is given as 62 W/m2 at

a height of 10m over smooth terrain.

Using Equation (3),

P = (P
( /A;nnual ¢ /A)airport

average

H, 3a




From Figure I, a = 0.14.

(P

kz w/mﬂ ~15m\ 3(0.14)

/a) IUE)

annual
average

73.5 W/ 2

The wind turbine under consideration has a cut-in speed of 8 MPH.
Since the wind turbine will not deliver any power at wind speeds
lower than 8 MPH, the power contained in winds less than 8 MPH,
(P/p) lost, must be subtracted from the above calculated power.
Determine the wind power density of a 8 MPH wind from Equation 1.

() n) = 0.05472 V3

8 MPH

0.05472 (8)3

28.0 W/ 2

From Table II, winds at Shreveport Municipal Airport exceed power
densities of 28 W/p2 approximately 45 percent of the time; or

approximately 55 percent of the time, winds are less than 28 W/m2
(8 MPH). To roughly estimate the amount of power to subtract for

winds below 8 MPH, use the average of the power densities at 0 and
8 MPH. :

(P _ 0+ 28.0 _ w
/A)1ost ——— = 14 W/2

The average annual wind power density above the cut-in speed,
(P/A) useable, can now be estimated.

I

X (8760 hours
useable

year

- (E ¥ (0.55) (8760 hours
A year

lost

|

annual
average

I

[(73.5 /42 (8760 HR/YR)] - [(14 "/ m2) (4818 HR/YR)]

643860 - 67452



Calculate the available power in the wind intercepted by the 8 m
turbine blades.

P

available useable

2y _
F76 577?§) (50.3m“) = 28973

29,000 KW-HR
IR

Calculate the actual power the wind turbine can produce from the
available power in the wind.

P =P % Overall system efficiency
actual available from Figure II

(29,000 S5-HR) (0.38)

KW-HR
11,020 TR

Therefore, the proposed windmill would be able to provide approximately
25% of the electricity requirements of the doctor's office at an
initial investmentof $21,000 or $1.90 per annual KW-HR capacity.
Maintenance costs would have to be added to this. Also, efficiencies

in Figure II are optimistic; many systems perform at efficiencies
lower than those listed.

Although the selected wind turbine has a rated capacity of 10 KW
at 22 MPH, there is only enough wind at the site for the turbine to
generate an average of 1.26 KW per hour, maximum. Actually, the
average power delivery would be even less because the turbine would
be operating so far below its design capacity most of the time.

Answer: There is insufficient wind available to justify
installation of a wind machine at the site chosen, based on current
wind machine costs and efficiencies. The wind machine would require
longer than its 25 year useful lifetime to pay for itself.



Utility Interconnection

Section 210 of the Federal Public Utility Regulatory Policies
Act of 1978 (PURPA) requires utilities to purchase excess power
from small scale producers at rates that are fair and non-discrimi-
natory. The small scale producer must provide the necessary inter-
connect and safety equipment for feeding the power into the
utility's grid, and the power produced must meet certain specifi-
cations to be fed into the grid. For more information on PURPA,
contact the Louisiana Public Service Commission.

Louisiana Public Service Commission
One American Place, #1630

Baton Rouge, Louisiana 70825
504/342-4416

Conclusion

Future improvements in wind machine performance, lower wind
machine costs resulting from mass production, and higher conven-
tional energy costs will all improve the economics for wind energy
conversion. Although some coastal sites in Louisiana may offer
opportunities for wind energy conversion, wind speeds are so low
for inland sites that it is unlikely wind energy conversion will
have any real potential in the state in the near future.

Conversion Factors

1 foot = 0.3048 meter
1 meter = 3.281 feet
1l mile per hour = 0.447 meter/second

1 meter per second = 2.237 miles per hour
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ADDITIONAL WIND ENERGY REFERENCES
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DESIGN FOR A LIMITED PLANET: LIVING WITH NATURAL ENERGY. Norma Skurka and Jon Naar;
Ballantine Books/Random House, 201 E. 50th St., New York, Ny 10022, 1976, 215 pp,
§5.95. A description of 15 homes which have been built that utilize alternative
energy forms.

ELECTRIC POWER FROM THE WIND. Henry Clews; Solar Wind Co., P.0. Box 7, East Holden,
ME, 1973, 29 pp, $2.00. A non-technical introduction to small-scale systems.

ENERGY PRIMER, SOLAR, WATER, WIND, AND BIOFUELS. Richard Merrill and Thomas Gage,
ed.; Dell Publishing Co., Inc., 1 Dag Hammarskjold Plaza, 245 E. 47th St., New
York, NY 10017, 1978, 256 pp $7.95. Recently revised resource book on renewable
energy sources focusing on small scale systems.

FUNDAMENTALS OF WIND ENERGY. Nicholas P. Cheremisinoff; Ann Arbor Science Pub.,
9.0. Box 1425, Ann Arbor, MI 48106, 1978, 170 pp  $10.95 (hard cover), $6.95 (paper-
back). Caovers the history, modern applications, performance, desion, site selection,
energy storage, environmental considerations, and future potential for wind systems.

THE GENERATION OF ELECTRICITY BY WIND POWER. 2nd edition, E.W. Golding; Halsted Press/
Jonn Wiley, 605 Third Avenue, New York, NY 10016, 1976, 332 pp, $19.00. A
reprint, with additional new material of Golding's 1955 study of wind power research.

HANDBOOK OF SOLAR AND WIND ENERGY. Floyd Hickok; Cahners Books, 221 Columbus Ave.,
Soston, MA 02116, 1975, 125 pp, $5.95. Gives information on small wind systems,
home heating and water pumping.

HARNESSING THE WIND FOR HOME ENERGY. Dermot McGuigan; Garden Way Pub. Co., Charlotte,
VT 05445, 1978, 134 pp, $9.95 (hard cover), $4.95 (paperback). How to book on:
measuring electric potential and selecting appropriate systems. DOescribes
working installations.

THE HOMEBUILT WIND GENERATED ELECTRICITY HANDBOOK. Michael A. Hackleman; Peace
Press, Inc., 3828 Willat Ave., Culver City, CA 90230, 1975, 194 pp_ $7.95.
Companfon volume to the author's Wind and Windspinners. '

WIND AND WINDSPINNERS: A "NUTS" 'N BOLTS" APPROACH TO WIND-ELECTRIC SYSTEMS.
Michael A. Hackleman and David W. House; Peace Press, Inc., 3828 Willat Ave.,
Culver City, CA 90230, 1974, 140 pp, $7.95. How-to-do-it-yourself approach for
a simple, electricity generating windmill.

WIND CATCHERS: AMERICAN WINDMILLS OF YESTERDAY & TOMORROW. Volta Torrey; Stephen Green
Press,Brattleboro, VT 05301, 1976, 226 pp, $12.95. Covers the history of windmills
in America back to the Colonial period, survey of current developments.

WIND ENERGY. Ben Wolff and Hans Meyer; Franklin Institure Press, P.0. Box 2266,

Philadelphia, PA 19103, 1978, 82 pp, $6.50. General theoretical treatment of this
subject. .

WINO POWER. Daniel M. Simmons; Noyes Data Corp., Mill Rd. at Grand Ave., Park Ridge,
NJ 07656, 1975, 300 pp, $24.00. International coverage of wind energy research
and development. Describes the different types of systems and includes listing of
commercially available equipment.

WIND POWER ACCESS CATALOG. Compiled by the editors of Wind Power Digest; Michael Evans,
54468 CR 31, Bristol, IN 46507, 1979, $6.00. A one-time publication by the

publisher of Wind Power Digest.

WIND POWER BOOK. Jack Park; Cheshire Books, 514 Bryant St., Palo Alto, CA 94301,
1979 (to be published by Oct., 1979), $14.95 (hard cover), $8.95 (paperback).
Fundamentals, design and perspectives for building a small wind energy system.

WINO POWER FOR YOUR HOME: THE FIRST COMPLETE GUIDE THAT TELLS HOW TO MAKE THE WIND'S
ENERGY WORK FOR YOU. George Sullivan; Cornerstone Library/Simon and Schuster,
Inc., 1230 Ave. of the Americas, New York, NY 10020, 1978, 127 pp, $4.95. A
clear and comprehensive practical guide on the subject.

WINOMILLS AND WATERMILLS. John Reynolds; Praeger Publishers, 200 Park Ave., New York,
N.Y. 10017, 1970, 196 pp, $8.95. Good history of the ways that wind power has
been put to use in the past. Includes a glossary of terms.

WINDS AND WIND SYSTEMS PERFORMANCE. Carl Gerald Justus; Franklin Institute Press,
P.0. Box 2266, Philadelphia, PA 19103, 1978, 120 pp, $6.50. Offers aid in
selecting wind systems and locations for installations.
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