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The purpose of this guide is to pro-
vide information on wind machines
and related zoning issues to enable
planners, zoning  administrators,
county commissioners, city councils,
and other staff and elected officials to
make informed decisions on how
small wind machines will be ad-
dressed in community plans and zon-
ing ordinances. Large wind machines
and wind farms are not considered in
this document.

Many possible community con-
cerns about wind machines can be
addressed in a zoning ordinance. For
example, should wind machines be
considered a permitted accessory use
or a conditional use, what height
limits are appropriate, and how should
wind machines be considered with
regard to lot coverage and setback re-
guirements? How these questions
are resolved depends on the commu-
nity's assessment of the safety of
wind machines and of the aesthetic
and nuisance effects of the machines.

These zoning issues are discussed
in Chapter 3. Recommendations and
model language that could be adopted
in a Minnesota community are in-
cluded. The model language is of-
fered as guidelines and should be
modified as necessary in individual
communities. If time is short, read -
this chapter first. Communities with
little or no planning capacity may also
want to focus on Chapter 3.

Chapter 1 provides background in-
formation on wind machines—what
they are, how they work, and the con-
ditions required for most effective
operation. Chapter 2 considers goals
and policies on wind machines that
can be integrated into a comprehen-
sive plan or other planning docu-

ments. Developing goals and policies
provides planning support for the zon-
ing amendments and reduces the
likelihood of successful legal chal-
lenge to zoning changes. Chapter 4
discusses amendments to subdivi-
sion and planned unit development
regulations to encourage the use of
wind machines. Chapter 5 summa-
rizes sample language from the text
into model wind machine zoning pro-
visions. This chapter is cross re-
ferenced with portions of the text in
which the model language is dis-
cussed listed next to each item. Re-
view of this chapter would give a good
overview of the guidebook.

The model language in this guide-
book attempts to strike a reasonable
balance between the public health,
safety, and general welfare concerns
of planning and zoning officials, the
interest of individuals in using wind
energy, and the interest of the wind
industry in providing a product and
earning a living. The use of wind
power is not new, but many people
are unfamiliar with this technology.
Planners and zoning officials need to
fearn more about wind machines and
the wind industry in order to develop
reasonable regulations. It is for this
reason that background information
and discussions of zoning issues con-
cerning wind machines are provided
in this guidebook. Representatives of
the wind industry may also find this
guidebook helpful in gaining a per-
spective on planning and zoning con-
cerns and why local officials are con-
cerned abBout wind machines.

Zoning revisions concerning wind
machines could be made at any time.
Amendments could also be made
when the rest of the zoning ordinance

" is being reviewed and revised. If a

zoning revision has recently been
completed, then it would be appro-
priate to make the zoning changes
concerning wind machines as soon as
possible rather than waiting for an-
other review period.

Another option is to revise the zon-
ing ordinance concerning wind ma-
chines as part of a comprehensive en-
ergy planning effort. The following
resources could be useful in such a
project;

B Energy: A Planning Guide for Min-
nesota Communities

B Zoning for Earth Sheltered Build-
ings: A Guide for Minnesota Commu-
nities

@ Planning and Zoning for Solar
Access: A Guide for Minnesota Com-
munities

@ Energy Accounting for Local Gov-
ernments and School Districts

To obtain these documents contact;
Energy Division, Department of En-
ergy, Planning and Development, 980
American Center Building, 150 East
Kellogg Boulevard, St. Paul, MN
55101. @ 296-5175 in the Twin Cities
or toll free 1-800-652-9747 outside
the Metro area.




@




WHAT ARL
WIND
MACHINES?

Wind‘energy

Wind energy is a form of solar
power. Winds are génerated by un-
even heating of the atmosphere by
the sun, the irregularities of the
earth's surface, and rotation of the
earth. Wind flow patterns are modi-
fied by the shape of the land surface,
bodies of water, and vegetative cover.
Hills and valleys channel wind flow.
Ground roughness caused by hills,
trees, and buildings disrupts and
slows wind flow.

Wind can be "harvested’ by wind
machines and used to pump water,
produce heat, or generate electricity
to run lights and appliances. Much of
the electricity consumed in rural Min-
nesota in the 1930's and 1940’s was
produced by wind electric systems.
But as cheap electricity produced
from fossil fuels became available
through the federally subsidized Rural
Electrification Administration, wind
energy use declined.

The Minnesota countryside is dot-
ted with retired windmills from an-
other era. In the past few years, how-
ever, a variety of new wind machines
have also sprung up. As energy costs
skyrocket, wind power in Minnesota
is becoming more and more attractive
economically. The use of renewable,
nonpolluting energy sources such as
wind also helps conserve our dwin-
dling supplies of coal, oil, and natural
gas.

Wind machines

Wind machines or wind energy
conversion systems (WECS) are
available in a variety of types and
sizes. A large machine such as the

200 kilowatt (kW) MOD-OA has rotors
that are 124 feet in diameter. The 2-
megawatt (Mw) MOD-1 machine has
a rotor that is 200 feet in diameter.
The focus of this guidebook is on con-
siderably smaller machines that
would be suitable for home, farm, or
business energy production. Small
wind energy conversion systems
come in a variety of sizes and types.
Donald Marier in his book, Wind
Power for the Homeowner, groups
wind systems into three size classifi-
cations. Discussion of these classifi-
cations is useful to get an idea of the
size of wind machine that will likely
need to be addressed in local zoning
ordinances. The first group is cabin-
size systems that have rotors from
6-12 feet in diameter. Machines of
this size would be suitable in small
homes that are remote from utility
power and use a minimal amount of
energy. Cabin-size machines produce
in the range of 25 to 350 kWh
(1kWh=1 kilowatt of electricity used
or produced for one hour) of electricity
per month (depending on wind
speeds) which is less than what is
typically used in most homes.

Home-sized wind systems have
rotors between 12 to 16 feet in diam-
eter and are capable of producing 300
to 500 kWh per month at an average
wind speed of 12 mph. This could
make a significant contribution to the
electrical needs of most households.

Mr. Marier’s final classification is
all-electric size systems. This group-
ing includes machines with rotors
over 16 feet and up to 40 feet in diam-
eter. Machines of this size are large
enough to supply the power needs of
an all-electric home, including space
heating, or a small business and typi-
cally produce from 500 to 5,000 kWh
per month at an average wind speed
of 12 mph. A ]

Though these classifications are
helpful, it is important to remember
that the wind industry is rapidly
changing and many more wind ma-
chines of a variety of sizes are enter-
ing the market. As the industry
changes it may be necessary to revise
zoning regulations.

Wind machines may also be de-
scribed by their power or nameplate
rating. Power rating refers to the
amount of power that a wind machine
will produce at a certain wind speed.
Power ratings are presently calcu-
lated at whatever wind speed the
manufacturer chooses though this
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may change as the industry begins to
set standards. For example, one ma-
chine may be able to produce 1.2 kW
4t a wind speed of 27 mph. During 1
hour of wind speeds of 27 mph, the
energy output would be 1.2 kWh.
Since wind speeds of 27 mph are not
likely over one full hour, the average
hourly energy output will be less than
the machine's rated power. Another
machine may have a power rating of
2.0 kW at 28 mph. The diversity in
hew power ratings are calculated re-
duces the usefulness of describing
wind machines in zoning language in
this way. Also, power ratings don't
necessarily correlate with blade size.
For example, one machine with rotors
12 feet in diameter has a power rating
of 2.0 kW at 26 mph, while another
WECS with 12 foot rotors has a power

rating of 1.0 kW at 23 mph. In the

model zoning language in Chapter 3,
wind machine size is defined by rotor
or blade diameter. This type of defini-
tion is recommended instead of
power rating designations or other
size characteristics for two reasons.
The first is that blade size is easily de-
termined and is a standard measure-
ment that doesn’t vary with different
wind speeds. The second reason is
that it is blade size that influences vi-
sual impact, how setbacks are deter-
mined, and other zoning concerns.
Wind energy conversion systems
(WECS) are comprised of a few basic
components. The rotor or, as it is also
called, the blade or turbine is the part
that is actually rotated by the wind.
Rotors may be made of wood, alumi-
num, steel, or of a composite of

urethane foam inside a fiberglass’

shell.

The rotation of the rotor tumns the
shaft on an electrical generator or
provides power to a mechanical de-
vice. The rotor and generator are ei-
ther connected to the local utility or
have a battery bank for storage. These
basic components are summarized in
the accompanying drawing.

Wind machines can be divided into
two categories, horizontal axis and
vertical axis machines. In horizontal
axis machines, the rotor shaft or the
axis of rotation is parallel to the hori-
zon. In vertical axis machines, the axis
of rotation is perpendicular to the ho-
rizon. Most horizontal axis machines
have two, three, or four blades, but
some designs have more blades. Ma-
chines with six and eight blades are
produced and one manufacturer pro-
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tail vane

rotor

Wind Machine Components

duces a machine with forty eight
blades. Another characteristic of hori-
zontal axis machines is that they are
either downwind or upwind ma-
chines. In an upwind machine, the
wind passes the rotor first and then
flows past the tower. Most upwind
machines have tail vanes that keep
the rotor facing the wind. Upwind de-
signs are the most common type of
WECS. Wind machines of downwind
design typically don't have a tail vane,
and the wind passes over the tower
first and then reaches the rotor. Dif-
ferences between upwind and down-
wind designs are illustrated in the ac-
companying drawing.

All wind machine rotors have a

“E>

Upwind
Wind Machine

VE/>

Downwind
Wind Machine

speed control system to ensure that
overspeeding or operation at speeds
that .could cause damage to the
WECS does not occur during high
winds. Wind machines do not operate
at all wind speeds. The cut-in wind
speed is the speed at which the rotor
is turning fast enough for the genera-
tor to produce a reasonable amount of
power. The cut-out speed is the
speed at which the machine will stop
generating power. Common cut-in
speeds are 8 - 10 mph while cut-out
speeds range around 40 - 50 mph.
Some machines are designed to pro-
duce electricity at high wind speeds
and do not have a cut-out speed.

There are many different types of
speed control systems. On some up-
wind machines, the rotor turns to the
side or upward away from the wind at
high speeds. The movement away
from the wind reduces the area of the
rotor facing the wind and, hence, the
speed of the rotor. Spoiler flaps con-
trol wind speed by extending at high
wind speeds and causing drag that
slows down the blades. Blade pitch
controls slow the rotors to safe
speeds because the pitch of the
blades or the angle of attack increases
at high wind speeds increasing drag.
With coning speed controls, the
blades actually bend away from the
wind as the wind speed increases.
This type of speed control is mainly
used on downwind machines be-
cause in an upwind design the blades
could hit the tower. Brakes can also
be used for speed controls. A variety
of overspeed controls are illustrated
in the accompanying drawings.

In addition to an overspeed control,
some machines have fail-safe shut-
down systems. If part of the machine
fails, the shutdown system turns the
blades out of the wind or puts on
brakes.

Vertical axis wind machines are not
as common as horizontal axis wind
systems. Savonius and Darrieus ma-
chines are probably the best known
vertical axis machines. Savonius ma-
chines are not as efficient as horizon-
tal axis machines and may not be very
effective for electrical generation but
are useful for water pumping. Darrius
machines are about as efficient as
horizontal axis machines and can be
used for generating electricity as well
as for pumping water and other uses.
Another vertical axis machine is
known by its trade name, Cyclotur-
bine.
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Sideways speed control Upwards speed control

Coning blade control
high speed wind
average speed wind

Ti;i flaps speed control

Overspeed Controls

In the sideways and upwards speed controls, gyroscopic controls tilt the rotor
to the side or up, away from the wind. In coning speed control, the blades
bend away from the wind. Tip flap brakes extend from the blade tips to create
drag that slows down the rotor at high wind speeds. With blade-pitch controls,
the rotor speed is controlled by the action of weights that change the pitch of
the rotor during high-speed winds.

top view

Blade-pitch speed control
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Savonius Vertical Axis Wind Machine Darrieus Vertical Axis Wind Machine Cycloturbine Vertical Axis Wind Machine
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. Towers are a component of wind
machines that communities may be
particularly concerned about because
of their height and possible safety
concerns. Towers need to be tall
enough to lift the wind rotors above
any turbulence caused by nearby
trees or buildings. If the tower is not
tall enough, the wind system will not
operate safely and efficiently. A gen-
eral rule of thumb is that the wind
system should, at a minimum, be on a
tower that is high enough so that the
lowest extent of the blades is at least
30 feet above any buildings, trees, or
other obstacles within 300 feet. The
tower height rule of thumb is illus-
trated in the accompanying drawing.
Towers must also be strong enough
to support the wind system, with-
stand the wind, and withstand the
pressure and vibrations created by the
movement of the rotor.

f— 300 feet

Tower Height Rule of Thumb

Install a wind system so that the lowest extent
of the blades is 30 feet above any obstacle
within 300 feet.

Self-supporting towers and guyed
towers are the two basic types of
towers. There are two types of self-
supporting towers: lattice and pole
towers. These towers are illustrated
in the accompanying drawing. An ad-
vantage of these types of towers is
that they take up a small area without
the need for space for guy wire an-
chors. Self-supporting towers, how-
ever, are more expensive. Guyed
towers are more efficient in their use
of materials. A guyed lattice tower
uses approximately 50 percent less
steel and 90 percent less concrete to
perform the same function as a self-
supporting tower. For this reason,
guyed towers are cheaper and can in-
crease the cost effectiveness of a
WECS purchase. An individual may be
willing to accept the possible incon-
venience of guy wire anchors taking
up yard space because of the lower
cost of guyed towers. Guyed towers
have several levels of guy wires that
extend out to about 40 to 80 percent
of the tower height. This feature of
guyed towers is shown in the accom-
panying drawing.

Pole
Tower

" Tower

Many wind machine manufactur-
ers sell or recommend towers suit-
able for use with their rhachines.
Towers must be designed for com-
patibility with wind machines. Alumi-
num TV antenna towers, for example,
should not be used. Tower and rotor
designs need to be selected to avoid
vibration problems.

Another way to mount a wind ma-
chine is to place it on a building. This
is not recommended because many
roofs cannot withstand the vibrations
created by the rotor's movement and

the weight of the system. Vibrations -

and the resulting stress may be trans-
mitted throughout the building. Por-
tions of the state building code are
applicable to a load like wind ma-
chines on top of buildings and should
be adopted to address wind machines
on buildings. (See Chapter 3)

Wind applications

Wind machines can be used to
generate electricity for heating and
running appliances or for mechanical
uses such as pumping water. Wind
machines that produce electricity are
usually either connected to local util-
ity lines or to battery storage. In most
areas under zoning jurisdiction, wind
machines will likely be connected to
the utility. Battery storage systems
are more common in remote settings.
Utility connection or battery storage is
necessary because, depending on the
wind speed, a wind system will pro-
duce varying “amounts -of power.
Sometimes the wind is strong enough
to produce more electricity than is
needed, sometimes less. A home that
is connected to an electric utility as
well as a wind machine can draw on

the utility power lines when power is
needed. The WECS can supply ex-
cess electricity back to the ultility
when more is produced than can be

" used in the home. Battery systems

charge up when excess electricity is
produced and help supply power
when the wind system output is not
sufficient to meet immediate load re-
quirements. Accompanying drawings
illustrate interconnection with utilities
and a battery storage system.

tail vane

rotor

tower
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Interconnection with a Utility

Federal and state law now requires
utilities to allow interconnection of
wind machines (and other renewable




energy systems producing electrical
power) and to sell electricity and buy
back excess power at reasonable
rates. The federal legislation is titled
the Public Utility Regulatory Policies
Act of 1978 (PURPA). The intent of
PURPA is to encourage the use of
wind power and other renewable en-
ergy sources and to encourage the
implementation of conservation, mea-
sures. Minnesota has adopted legis-
lation similar to the federal PURPA
that also encourages conservation
and the use of renewable energy. The
Minnesota Public Utilities Commis-
sion is developing rules concerning
utility interconnections in this state.
The rules will include rate schedules
for the utility's purchase of power
produced by renewable energy re-
sources including wind machines.
Check with the Public Utilities Com-
mission on the status of the rules:
Public Utilities Commission, Room
780 American Center Building, 160
East Kellogg Boulevard, St. Paul, MN
55101m (612) 296-7124.

Wind machines can be intercon-
nected to utility lines through an elec-
tronic device called a synchronous in-
verter that integrates with the
alternating current electricity from
public utility lines. With such a sys-
tem, the wind machine owner is pro-
vided standard A.C. power that is
generated both by the WECS and by
the utility. If the wind system pro-
duces more energy than is needed at
a given time, the excess electricity is
sold to the utility. Another option for
utility interconnection is to choose a
wind system with an induction gener-
ator that produces A.C. electricity
synchronous with utility power. In this
case, a synchronous inverter would
not be needed.

The concept of utility interconnec-
tion is still a new one, but the number
of applications in Minnesota is grow-
ing. lts advantages are the availability
of standard A.C. current that can be
used in modern appliances, the elimi-
nation of the need for a storage ca-
pacity, and the potential for selling
excess power. A major question re-
garding the economic feasibility of in-
terconnection for the WECS owner is
the utility buy-back rate which will be
determined by the Minnesota Public
Utility Commission rules.

Batteries provide direct current,
D.C., electricity. Lead-acid “marine’’
or “golf-cart” batteries are presently
the least expensive and most practi-

cal means of storing electrical energy.
Battery storage capacity to meet
electricity needs for three to five days
is recommended. Batteries can be re-
charged with a backup generator.
Some appliances and lights are de-
signed for use with D.C. batteries. To
power most A.C. appliances with a
battery storage system, however, a
D.C. to A.C. inverter is necessary.

Battery storage wind systems are
generally the most expensive applica-
tion of wind machines. In addition,
they are not as efficient; much power
is lost during battery storage and
through D.C. - A.C. conversion. These
problems limit the economic feasibil-
ity of battery storage systems. How-
ever, ' in remote locations where
bringing in utility lines would be very
costly, battery storage wind systems
can be a practical alternative.

In addition to running appliances,
power generated by wind systems
can also be used for space and water
heating. Most commercially available
wind machines are readily adaptable
to thermal or heat energy delivery,
and several have been designed spe-
cifically for this application. Electricity
generated by these systems is fed
into electric resistance heating ele-
ments that deliver heat into the area
or storage medium to be heated.
Concrete, stone, and water are good
heat storage mediums.

Properly designed wind powered
thermal systems are highly efficient in
using energy from the wind genera-
tor. In addition, wind speeds tend to
be greater in the winter when the
heating demand is also greater. If
wind generated electricity is used pri-
marily for space heating during the
winter, another use for this power,
such as heating water or drying grain,
could be found to use the available
wind energy during the rest of the
year.

Another possible application of
wind machines is larger scale genera-
tion of electricity. Instead of small
wind machines producing electricity
for individual homes and businesses,
larger WECS could produce energy
for a neighborhood. Larger scale elec-
trical generation may be more feasi-
ble in communities with existing mu-
nicipal electrical generating facilities.

A final note with regard to wind ap-
plications is that energy conservation
efforts should accompany the use of
wind power. If the amount of electric-
ity that is required can be reduced

then presumably the size of WECS
required can be reduced. Conserva-
tion efforts seem particularly appro-
priate if electricity is used for space
heating.

Wind speed
requirements

A wind machine will not operate
economically unless there is an ade-
guate wind resource at the proposed
site. In general, at the present in-
stalled cost per kilowatt of most
WECS, an average annual wind speed
of 10 to 14 mph is necessary to eco-
nomically run a small wind machine.
The accompanying map gives a gen-
eral indication of average annual wind
speeds at heights of 33 and 164 feet
above ground level based on available
state monitoring data. The data that

Minnesota Annual Average
Wind Power Regions

Wind- Av. Annual Av. Annual

speed Wind Speed Wind Speed

Region  (mph)at 33 Ft.  (mph) at 164 Ft.
1 0- 98 0-125
2 99 - 115 126 - 143
3 116 - 125 144 - 15.7
4 126 - 13.4 158 - 16.8

Source: Wind Energy Resource Atlas: Volume 2 - The North
Central Region, Pacific Northwest Laboratory, February, 1981,
p. 68

the map is based on, however, is not
very extensive. The map should only
be used as a general guideline and
should be supplemented by wind
speed monitoring at any potential
site. Though the plains areas of west-
ermn and southern Minnesota and
North Shore locations exposed to
Lake Superior winds have the great-
est potential as wind energy sites, the
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potential at any individual site in these
areas should also be monitored.
Heavily wooded sites or sites in a val-
l&¥ may not have adequate wind
speeds, even though they are in an
area with good wind potential. Simi-
farly, sites in open areas or on hills
may be good wind sites even though
they are in an area that is generally
considered to have poor or only fair
wind potential. Wind speed monitor-
ing prior to WECS installation is es-
sefttial for buyers to ensure that the
use of a wind machine at a particular
site is not a poor investment.

Ultimately, wind monitoring is the
responsibility of the individual con-
sumer. However, planners, zoning
administrators, building inspectors,
and other local staff can play a role in
educating individuals in their commu-
nity about wind machines and the im-
portance of monitoring wind speeds.
The following information on. wind
characteristics and how to monitor
wind speed should help staff play this
educational role. This infromation
should also be helpful in illustrating
the importance of proper wind ma-
chine siting and can be used in devel-
oping zoning language on WECS that
does not hinder efficient siting. Fi-
nally, if there is a great deal of interest
in wind machines in the community, it
may be appropriate for the city or
county engineer or planning depart-
ment to undertake a wind monitoring
project to increase the amount of local
wind speed data that is available.

Local wind patterns are specific to
a site because they are affected by
contours of the local landscape. The
effect of obstructions and ground
roughness is reduced at greater dis-
tances from the ground. Therefore,
wind speed typically increases with
altitude. For instance, a site on a roll-
ing plain with wind speeds of 10 mph
at 20 feet above ground theoretically
has an approximate wind speed of
12.8 mph at 60 feet above ground.
Also wind speeds at greater distances
above the ground are steadier and
less turbulent. Tables summarizing
the wind speed at higher altitudes
based on wind speed monitoring
closer to the ground can be found in
many books on wind power. For ex-
ample, such a table is included in Ap-
pendix C of Don Marier's Wind Power
for the Homeowner.

Small differences in wind speed
mean a big difference in the amount
of available power. The power avail-

able for a given area is proportional to
the cube of wind velocity. A wind
speed of 20 mph, for example, has
eight times the power per unit of area
as a 10 mph wind.

Wind patterns vary by time of day
and time of year. They can be roughly
characterized by close observation
but never exactly predicted. How-
ever, careful observation and data
collection over a period of time will
provide a good idea of the available
wind resource.

The first step in wind monitoring is
to simply observe the wind at the pro-
posed site. Wind speeds of 8-12 mph
cause constant motion of leaves and
small twigs and make flags or
streamers extend downwind. Be
aware of the prevailing wind direction.
Consider calm days as well as the
breezier ones.

Examine the local topodraphy for
obstacles such as trees, buildings,
and hills which slow the wind from

certain directions. An open flat area or

a ridge or hilltop exposed to prevailing
winds may be especially suited for
wind machines. Low areas, ravines,
and river bottoms are generally not
feasible locations for wind systems.
In wooded areas a taller tower will
usually be required to ensure ade-
quate performance.

if there is a nearby airport or
weather station, check for any wind
speed data it can provide. Data from
an airport or weather station will only
be useful if the topography at those
sites are similar to the proposed
WECS site.

If these preliminary indications are
favorable, the next step is to use a
wind speed measurement instrument
called an anemometer to get actual
site readings.

Anemometers should be read as
often as possible. Monthly readings
will give rough data but weekly or
daily readings are much more useful.
Readings should be taken at the same
time several times a day for a mini-
mum of three months and, ideally, for
six to twelve months. The longer the
wind speed is measured the better
will be the estimate of the wind re-
source. Longer measuring periods
will also give a better idea of seasonal
variations in wind speed.

Some wind machine dealers lease
anemometers for $10 - 20 per month.
They may also be purchased from
some WECS manufacturers, Some
anemometers do not operate in ex-

treme cold; in Minnesota it is a good
idea to use an anemometer that is
rated for -40° F. The instruments are
considered easy to install by following
the manufacturer’s instructions.

Other resources

This discussion on wind machines,
what they can do and their siting re-
quirements, is not exhaustive. The
following resources may be helpful in
answering additional questions or to
give as references to individuals in
your community interested in wind
machines.

B Wind Power for the Homeowner,
Donald Marier, Rodale  Press,
Emmaus, PA, 1981.

B The Wind Power Book, Jack Park,
Chesire Books, Palo Alto, CA, 1981.

Check with your local library on the
availability of these and other books.

Four fact sheets on wind machines
are available from the Energy Division
of the Department of Energy, Plan-
ning and Development:

Wind Energy in Minnesota
® Wind Economics

8 Wind Energy Applications
Wind Site Monitoring

The fact sheets are available by con-
tacting: Minnesota Energy Informa-
tion Center, 980 American Center
Building, 150 E. Kellogg Boulevard,
St. Paul, MN 55101 & 296-5175 in the
Twin Cities or toll free 1-800-652-
9747 outside the Metro area.
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Establishing goals and policies on
wind energy and wind energy conver-
sion systems will help ensure devel-
opment of zoning language on WECS
that reflects community concerns.
Also zoning amendments that are
supported by planning documents are
less susceptible to successful legal
challenge. Goals and policies could be
included in an energy element of a
comprehensive plan or some other
appropriate section of the plan. If
there is no comprehensive plan, plan-
ning documentation could take the
form of a WECS goals and policies
paper. Goals and policies should be
based on the findings of any planning
studies done on wind energy in your
community.

Findings

A statement of findings does not
have to be extensive. It can include
general information on Minnesota's
energy situation and the role wind
machines can play. The availability of
wind machines and federal and state
policies in support of wind energy use
could be included. Information on
wind speed data and the availability of
suitable sites for wind machines
would also be useful. Results of any
local wind speed monitoring pro-
grams should be mentioned. A plan-
ning study of wind speeds and site
suitability is not necessary, though it
could provide valuable information for
individuals who are interested in wind
energy. The findings could suggest
that a wind speed monitoring program
be completed. To ensure that the
WECS is cost effective and efficient,

however, wind speed monitoring by
individuals at the site of each pro-
posed wind machine is still recom-
mended. A sample of a statement of
findings is as follows:

Wind energy is a plentiful
and nonpolluting renewable
energy resource. Minnesota
does not have conventional
fossil fuel resources, and
payments for fossil fuels
from elsewhere in the United
States and foreign sources
represents a drain of money
away from the state and local
economies. The use of wind
energy will reduce depen-
dence on nonrenewable en-
ergy resources and contrib-
ute to economic stability and
growth. (If a community energy
Pplanning effort bas been under-
taken, more specific figures on
the economic impacts of energy
bayments on your cOmmurity
and the advantages of local re-
sources like wind energy can be
added.)

Local support of wind energy
conversion systems (WECS)
is consistent with state and
federal energy policies. Min-
nesota and federal tax credits
for WECS, the Public Utility
Regulatory Policies Act of
1978 (PURPA), state legisla-
tion, and promulgation of
rules by the Minnesota Pub-
lic Utilities Commission are
indications of federal and
state support for wind en-
ergy.

Wind energy conversion
systems are available from
manufacturers both within
and outside Minnesota,
Properly sited WECS can
generate electricity in a cost-
effective manner. The city
(or__county or township) of
(insert name of community) is
in an area of the state that has
an average annual wind
speed at 33 feet of
mph. (Fill this in from the map
summarizing average wind
Speeds on p.7. Add more spe-
cific wind speed data, if avail-
able, from local airports or
weather stations.,) Suitable sites
for WECS are available. (Mern-
tion any specific areas that seem
especially suitable for WECS such




as ridges or hills. It would also be
helpful to note any areas that
may not be suitable like a ra-
vine.) Individuals interested
in installing a WECS are en-
couraged to undertake wind
speed monitoring at the pro-
posed site. The summary of
general wind speed data and
of sites that may be suitable
for WECS included here
should not replace individ-
ual wind speed monitoring at
¢ specific sites.

Regulation of the siting,
design, and installation of
wind energy conversion sys-
tems is necessary to protect
the health, safety, and gen-
eral welfare of neighbors and
the general public.

Wind machine zoning lan-
guage adopted in (nsert name
of community) will attempt to
be a reasonable -balance
among safety concerns, nui-
sance factors, aesthetic ef-
fects, and siting factors that
enables efficient WECS
operation and encourage-
ment of the use of wind en-

ergy.

Goals

A basic goal based on the findings
outlined above might be:

To encourage the use of wind
energy and to ensure the safe
installation and operation of
effective wind energy con-
version systems (WECS) in
(insert name of community).

Additional goals could be devel-
oped if desired. For example, if there
is a site with steady high winds, a
specific goal encouraging the use of
wind energy in that area may be ap-
propriate.

Policies

Policies to implement the goal out-
lined above could take a variety of
forms. Policy issues that a community
may want to address are the use des-
ignation for WECS; what steps, if any,
will be taken to assure wind access;
and whether local government staff
will play a role in providing informa-
tion on WECS.
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Use designation

This discussion of the appropriate
use designation for WECS begins

with the assumption that WECS can .

be installed safely at most locations.
There are some aspects of wind ma-
chines, such as size, siting, installa-
tion, and design, that many communi-
ties would like to regulate. Chapter 3
discusses regulatory language in de-
tail. The extent of regulation may vary
depending on community develop-
ment patterns and concerns. What
use designation allows communities
to best regulate those aspects of
WECS that are of concern? What use
designation will present a reasonable
burden on the potential WECS owner
and the wind machine industry?
These two questions should guide
local decisions on the use designation
for WECS. e

The three possible use designha-
tions for WECS are permitted use,
permitted accessory use, and condi-
tional use. The permitted use desig-
nation is not recommended because
it typically refers to the primary use on
a lot, and a WECS would be installed
in relation to the primary use. Some
communities, however, include
fences, telephone and power lines
and poles, and other structures in the
permitted use category. In communi-
ties with this type of language a
WECS could be included as a permit-
ted use. In most cases, however, de-
signating a WECS as either a permit-
ted accessory use or a conditional use
would be most appropriate.

An accessory use ot an auxillary
use, as it may be called in some com-
munities, is a use or structure that
serves the principal use. Garages,
driveways, and recreational equip-
ment are examples of structures that
are commonly designated as permit-
ted accessory uses in residential zon-
ing districts.

A conditional use is a permitted
use that must meet certain conditions
before it can be constructed or in-
stalled. A conditional use is consid-
ered appropriate for a specified dis-
trict but requires special approval
because it may cause problems such
as traffic congestion or excessive vi-
sual impact unless it is carefully lo-
cated or designed. Some examples of
conditional uses are churches,
schools, and home occupations. For
the sake of clarity, conditional uses

should be named in the zoning ordi-
nance. The conditions to be met be-
fore these uses are allowed should
also be specified in the ordinance. For
example, if a home occupation is a
conditional use, an individual inter-
ested in putting a business in his
home would apply for a conditional
use permit and comply with the con-
ditions specified in the ordinance
such as parking requirements and
limits to the number and size of signs.
If the proposed use is in compliance,
the conditional use permit should be
issued. Counties and some munici-
palities also require demonstration of
compatibility with the neighborhood
and the comprehensive plan. Public
hearings must be held concerning
conditional use permits in counties
and municipalities (see Minnesota
Statutes, Section 394.26, subdivision
ta and Section 462.3595, subdivision
2).
What are the pros and cons of de-
signating a WECS as a permitted ac-
cessory use or as a conditional use?
The conditional use permitting proce-
dure is set up to address uses that are
appropriate for specified districts but
need to meet certain conditions. Be-
cause wind machines should be al-
lowed if they comply with pertinent
regulations, the conditional use per-
mitting process seems well suited for
this type of regulation. The conditional
use permit procedure also seems to
give more leeway to local govern-
ments to impose regulations or con-
ditions on safety and other aspects of
WECS which may go beyond tradi-
tional zoning concerns.

There are disadvantages, however,
to designating a WECS as a condi-
tional use. Requiring a conditional use
permit is not as clear an indication of
community support for wind energy
as a permitted accessory use desig-
nation. Public hearings will also be re-
quired before a conditional use permit
can be granted. A hearing would
probably lengthen the time before a
wind machine could. be installed
which could be an inconvenience and
expense to the potential WECS
owner and could be a burden to
WECS manufacturers and dealers.
Public hearings also increase the ad-
ministrative workload of reviewing a
proposed WECS.

Another problem related to a con-
ditional use designation is that to
many people such a designation has




negative connotations. Many people
do not realize that a conditional use is
essentially a permitted use with con-
ditions. This misconception can turn
public hearings on a controversial
conditional use permit into demands
that a facility not be allowed even
though all the required conditions are
met. Misconceptions about condi-
tional uses may be aggravated if the
zoning ordinances does not clearly
identify the conditions to be met be-
fore a conditional use permit can be
issued. In other words, there may be a
difference between the way zoning
decisions are intended to be made
and public understanding of the zon-
ing process. This difference can influ-
ence the practical reality of how zon-
ing decisions are really made.

Designating a WECS as a permit-
ted accesssory use while still requir-
ing compliance with siting, installa-
tion, and  design  regulations
concerning WECS seems to stretch
the intent of the accessory use desig-
nation. Some communities, however,
have decided to allow a facility as a
permitted use or permitted accessory
use and still establish some regula-
tions on that use. For example, the
City of North Mankato amended their
zoning ordinance and designhated
WECS as a permitted use. Part of the
motivation for this was that the City
Council wanted to promote the use of
wind energy systems. A section was
added to the general district regula-
tions section of the North Mankato
zoning ordinance, however, that out-
lined several regulations that apply
only to WECS. In other words, WECS
are a permitted use that must comply
with certain regulations. If this type of
procedure has been used for other
uses in your community then it may
be appropriate for wind machines as
well. A permitted accessory use des-
ignation may be preferred in your
community if there is a desire to make
a policy statement in favor of wind
energy use or if a conditional use des-
ignation would represent an unrea-
sonable administrative burden.

A disadvantage of designating
WECS as a permitted accessory use
is that the community may not be able
to regulate WECS as carefully as
when a conditional use process is
used. Also the opportunity for input at
a public hearing is lost.

Another factor to consider in deter-
mining a use designation for WECS is
the impact that a wind machine would

have in different locations. A WECS
would have a greater impact in a resi-
dential area than in an industrial zone
or rural area. It may be appropriate to
consider WECS a conditional use in
residential areas and a permitted ac-
cessory use in industrial and agricul-
tural districts. Regulations on WECS
siting, design, and installation in an
industrial or agricultural zone may not
be as extensive as regulations in a
residential district and may more ap-
propriately be included as part of a
permitted accessory use designation.

The appropriate use designation
needs to be determined at the local
level after review of the existing zon-

1ing language on accessory and condi-

tional- uses, review of the Municipal
and County Planning Acts, considera-
tion of the community’s development
patterns, and the level of interest in
and concern about wind machines in
the community. Consultation with the
city or county attorney on this point is
recommended.

Depending on what use designa-
tion is chosen, one of the following
policy statements could be adopted:

Conditional use option
Amend the zoning ordinance
to allow WECS as a condi-
tional use upon compliance
with regulations on size, in-
stallation and design, siting,
nuisance concerns, and
other appropriate concerns.

or

Permitted accessory use op-
tion Amend the zoning or-
dinance to allow WECS as a
permitted accessory use
upon compliance with regu-
lations on size, installation
and design, siting, nuisance
concerns, and other con-
cerns.

Wind access

Adeguacy of the local wind re-
source is another policy issue that a
community may wish to address. As
noted in Chapter 1 wind speed moni-
toring is ultimately the responsibility
of the individual interested in pur-
chasing a wind machine. A commu-
nity could develop a policy that en-
courages potential WECS owners to
monitor wind speeds. The reasoning
behind this measure is that the possi-
bly adverse aesthetic and other ef-

fects of a WECS justify the commu-
nity wanting to only encourage wind
machines that are reasonably certain
to operate efficiently. Such a policy
could read as follows:

Individuals interested in in-
stalling a WECS are en-
couraged to monitor wind
speeds at their proposed site
to determine the adequacy of
the wind resource for effi-
cient and economical opera-
tion of a WECS.

A community could undertake a
wind speed monitoring study in an ef-
fort to increase the amount of local
wind speed data that is available.
Such a study could be done in con-
junction with the local utility. The fol-
fowing policy statement could be
added to planning documents if a
community decides to take this step:

The city (or county or town-
ship) of (insert name of commiut-
nity) will undertake a wind
speed monitoring program.

The protection of wind access is
closely related to adequacy of wind
speeds. Wind access is the access to
adequate wind for efficient and eco- .
nomic operation of a wind machine.
Individuals could take steps to ensure
that the wind access will not be im-
paired. They could review the maxi-
mum building heights allowed under
the zoning in the adjacent area.
Checking with adjacent land owners
to evaluate their development and
tree planting plans would also be
helpful. Planners, zoning administra-
tors, or other community staff could
assist in this evaluation if it is decided
that this is an appropriate role for staff
members.

individual wind machine owners
could also make a private agreement
or easement with adjoining landown-
ers to assure access to the wind ma-
chine. Minnesota Statutes, Section
500.30, clarifies that easements for
the purpose of providing wind access
are legal and outlines what a wind
easement should contain. Solar and
wind easements are considered in the
same statute. This legislation is set
out below:

11
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Chapter 500, Minnesota Statutes (1980)
Estates in Real Property

t
500.30 Solar or Wind Easements.
Subdivision 1. “Solar easement” means
a right, whether or not stated in the
form of a restriction, easement, cove-
nant, or condition, in any deed, will, or
other instrument executed by or on be-
half of any owner of land or solar sky-
space for the purpose of ensuring ade-
quate exposure of a solar energy system
as defined in section 116J.06, subdivi-
sion 9, to solar energy.
Subd. 1a. “Wind easement” means a
right, whether or not stated in the form
of a restriction, easement, covenant, or
condition, in any deed, will, or other
instrument executed by or on behalf of
any owner of land or air space for the
purpose of ensuring adequate expo-
sure of wind power system to the winds.
Subd: 2. Any property owner may grant
a solar or wind easement in the same
manner and with the same effect as a
conveyance of an interest in real prop-
erty. The easements shall be created in
writing and shall be filed, duly re-
corded, and indexed in the office of the
recorder of the county in which the
easement is granted. No duly recorded
easement shall be unenforceable on ac-
count of lack of privity of estate or priv-
ity of contract; such easements shall run
with the land or lands benefited and
burdened and shall constitute a perpet-
ual easement, except that an easement
may terminate upon the conditions
stated therein or pursuant to the provi-
sions of section 500.20.
Subd. 3. Any deed, will, or other instru-
ment that creates a solar or wind ease-
ment shall include, but the contents are
not limited to:
(a) a description of the real property
subject to the easement and a descrip-
tion of the real property benefiting from
the solar or wind easement; and
(b) for solar easements, a description
of the vertical and horizontal angles, ex-
pressed in degrees and measured from
the site of the solar energy system at
which the solar easement extends over
the real property subject to the ease-
ment, or any other description which
defines the three dimensional space, or
the place and times of day in which an
obstruction to direct sunlight is prohi-
bited or limited;
(c) a description of the vertical and
horizontal angles, expressed in de-
grees, and distances from the site of the
wind power system in which an ob-
struction to the winds is prohibited or
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limited, )

(d) any terms or conditions under
which the easement is granted or may
be terminated;

(e) any provisions for compensation of
the owner of the real property benefit-
ing from the easement in the event of
interference with the enjoyment of the
easement, or compensation of the
owner of the real property subject to the
easement for maintaining the easement;
(f) any other provisions necessary or
desirable to execute the instrument.
Subd. 4. A solar or wind easement may
be enforced by injunction or proceed-
ings in equity or other civil action.
Subd. 5. Any depreciation caused by any
solar or wind easement which is im-
posed upon designated property, but
not any appreciation caused by any
easement which benefits designated
property, shall be included in the valua-
tion of the property tax purposes.

Concern about adequate wind
access could influence a community's
decision on height limits and setback
requirements for WECS. Establishing
regulations that do not unduly restrict
the siting of wind machines increases
the ability of a potential WECS owner
to install a machine that has adequate
wind access. In other words, reason-
able height and setback regulations
would not by themselves protect
wind access but could facilitate ade-
quate access.

Another option is for the commu-
nity to adopt explicit wind access pro-
tection provisions in the zoning code.
Wind access could be protected by
establishing a permit system that
would limit development or vegeta-
tive growth that would block the flow
of wind to a WECS for which a wind
access permit has been obtained. An-
other option is to modify building
heights allowed under zoning to re-
strict the construction of buildings tall
enough to obstruct wind flow to wind
machines. Language on allowable
tree height to ensure wind access
could also be adopted. Wind access
protection mechanisms are similar to
techniques proposed to protect the
access of sunlight to solar systems or
solar access.

There are several differences,
however, between wind access and
solar access. Solar systems are
smaller than wind systems and can be
more unobtrusively sited. There is
also the potential, though it may not
be realized, of siting solar systems on
virtually all homes and other buildings

while wind machines must be sited
above and away from obstacles, limit-
ing the widespread use of this energy
resource. Finally, solar access is eas-
ier to measure than wind access. The
rays of the sun follow a set path
throughout the day and the year while
wind patterns vary from location to lo-
cation and throughout the year.
Because of these differences,
many communities that have adopted
provisions to protect solar access may
not choose to adopt language that in-
volves the community in wind access
protection. Some communities may
suggest that individual wind machine
owners obtain private agreements to
protect wind access. These actions
seem appropriate given the difficulty
of providing public protection of wind
access. The language on wind access
in Chapter 3 reflects the discussion
above. The following policy state-
ment is an illustration of this position:

Individuals interested in in-
stalling a WECS are en-
couraged to consider the ad-
equacy of wind access to
their proposed site and ac-
quire wind access easements
to protect their wind re-
source. Regulations on wind
machines will attempt to fa-
cilitate the availability of ad-
equate wind access but will
not attempt to protect wind
access.

Wind machine information

The final policy issue considered
here is the role local government staff
will play, if any, in providing informa-
tion on WECS and wind energy use.
The sample policy outlined below is
one example of actions a planning and
zoning office could take to increase
the general level of awareness about
wind energy use in the community
and to assist individuals interested in
purchasing a WECS.

Fact sheets on wind energy
and WECS from the Energy
Division of Department of
Energy, Planning and Devel-
opment will be displayed
and distributed in the plan-
ning and zoning office (or
other appropriate location).




Summary of goals and
policies

The following is a compilation of
the goal and policies developed in this
section.

Goal: To encourage the use of
wind energy and to ensure
the safe installation and
operation of effective wind
energy conversion systems
(WECS) in (insert name of com-
munity).

Policy #1a: Conditional use
option Amend the zoning
ordinance to allow WECS as a
conditional use upon com-
pliance with regulations on
size, installation and design,
siting, nuisance concerns,
and other appropriate con-
cerns.

or

Policy #1b: Permitted acces-
sory use option Amend the
zoning ordinance to allow
WECS as a permitted acces-
sory use upon compliance
with regulations on size, in-
stallation and design, siting,
nuisance concerns, and
other appropriate concerns.

Policy #2: Individuals inter-
ested in installing a WECS are
encouraged to monitor wind
speeds at their proposed site
to determine the adequacy of
the wind resource for effi-
cient and economical opera-
tions of a WECS.

Policy #3: The city (or county
or township) of (insert name of
community) will undertake a
wind speed monitoring pro-

gram.
Policy #4: Individuals inter-
ested in installing a WECS are

encouraged to consider the
adequacy of wind access to
their proposed site and ac-
quire wind access easements
to protect their wind re-
source. Regulations on wind
machines will attempt to fa-
cilitate the availability of ad-
equate wind access but will
not attempt to protect wind
access.

Policy #5: Fact sheets on
wind energy and WECS from
the Energy Division of DEPD

will be ‘displayed and distri-
buted in the planning and
zoning office (or other appro-
Dbriate location).
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[ONING
AMENDMENTS

Why zone for wind
machines?

Zoning language on wind machines
is necessary to assure the safe de-
sign, siting, and installation of wind
machines. In addition to addressing
safety concerns, zoning language on
WECS may also consider nuisance
issues such as noise and potential in-
terference with radio, TV, and other
communications signals. Finally, aes-
thetic concerns about wind machines
may be addressed.

Amend zoning
ordinance or develop
separate WECS
ordinance?

The intent of this guidebook is to
assist local governments in address-
ing WECS in their zoning ordinance.
The information in this Chapter is pre-
sented in the context of amendments
or additions to existing zoning lan-
guage. It is possible, though, to de-
velop a separate ordinance to deal
with WECS. If a separate ordinance is
adopted, however, it seems possible
that amendments to existing zoning
language on height limits, setbacks,
and other provisions may also be nec-
essary. Having language on WECS in
different locations could be unwieldy.
If your community has a zoning ordi-
nance and has addressed other issues
by adopting a separate ordinance,
then it may be appropriate to address
WECS in a similar fashion. In this case
the information in the Chapter could
be used as the basis for a separate
ordinance. In a community without
existing”zoning language it does not
seem appropriate to single out and
control WECS in a separate ordi-
nance.

Different WECS
provisions for different
zoning districts

The impact of a wind machine will
depend on its surroundings. For ex-
ample, a wind system would likely be
less obstrusive in an industrial area or
in a residential district with large lots
than in a higher density residential
neighborhood. For this reason it
seems appropriate to consider wind
machines differently in different
zones. Zoning districts are grouped
into three categories for the purposes
of this guidebook. These categories
are small lot residential districts, large
lot residential and commercial dis-
tricts, and industrial and agricultural
districts. Many of the wind machine
zoning provisions apply in all districts
regardless of their category. Where
distinctions are made between the
categories, the regulations suggested
for small lot residential districts' are
the most strict while those suggested
for industrial and agricultural are least
strict. These categories should not be
considered ironclad but rather as
guidelines for establishing wind ma-
chine zoning provisions that are ap-
propriate for your community.

Small lot residential districts
means those districts with relatively
small lots ranging up to about 15,000
to 20,000 square feet. This would in-
clude most lots within towns. Typical
zoning classifications are R-1 and R-2.

Large lot residential districts
means residential zoning districts
with minimum lot sizes greater than
15,000 to 20,000 square feet. This
would likely include many zoning dis-
tricts in surburban areas. Adjustments
to these categories or adding other
categories may be necessary, how-
ever, to ensure equitable treatment of
wind machines. If there is a wide
range of typical lot sizes in a commu-
nity, for example, 10,000 square foot
lots and 5 acre lots, then one set of
regulations may be too restrictive for
WECS sited on the larger lots. If this is
the case, then different and less re-
strictive regulations would be appro-
priate for the very large lots.

Commercial districts are grouped
with large lot residential districts be-
cause it seems that a similar level of
wind machine regulation is appro-
priate for these two types of districts.
Commercial districts, however, can
vary a great deal, and it is difficult to
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" make a general statement about how

wind machines should be considered

in them. For example, the stricter reg-

* ulations suggested for small lot resi-
dential districts may be appropriate
for a downtown business district or
for small commercial areas within a
residential zone. Evaluate your com-
munity and make your decisions ac-
cordingly.

Industrial districts are those zoned
for industrial uses and the least strict
PWECS zoning regulations seem ap-
propriate in these areas. Again,
though, individual evaluation may be
necessary in your community. For ex-
ample, it may be appropriate to treat
an older industrial zone next to a high
density commercial zone differently
than an industrial park at the edge of
town. Another option that would be
especially appropriate in some large
industrial zones is to exempt wind
machines from special WECS zoning
provisions.

Agricultural zones are grouped
with industrial districts because the
least strict WECS zoning regulations
also seem appropriate in these areas.
As with industrial zones, it may be ap-
propriate to exempt wind machines
from special WECS zoning in agricul-
tural areas. This would be the case if
the agricultural area was composed of
fairly sizable farms. In this case the
great distances possible between a
wind machine and any other structure
are such that WECS regulations aren't
necessary. Some level of regulation
may be suitable in areas of small,
hobby farms. Again, specific evalua-
tion in your community is necessary.

Homebuilt,
experimental,
prototype, and
production phase
WECS

Like many products, wind ma-
chines go through many developmen-
tal stages before they are widely
available on the market. Experimental
and homebuilt machines are WECS
which are the first of their kind. These
terms overlap, but experimental typi-
cally refers to the first stage of devel-
opment of a machine produced by a
WECS company while homebuilt
refers to home designed, backyard,
do-it-yourself efforts.

Prototypes are machines built by a
wind company after the experimental
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phase. Usually a limited number of
prototype machines are built to be
tested under field conditions. After
the prototypes have been tested a
company goes into the final produc-
tion phase of the development
process. A production phase WECS is
a machine which is produced in sig-
nificant numbers on a continuing
basis.

Another option is wind machines
that are constructed from profession-
ally designed kits. Though these
would be built. by individuals, they are
not home designed and should be
considered production phase WECS.
The following definitions summarize
these stages of development:

Production phase WECS are
professionally designed
wind machines that are built
in significant numbers on a
continuing basis after test-
ing. Wind machines made
from professionally de-
signed kits will be comnsid-
ered production phase
‘WECS.

Experimental and homebuilt
WECS are wind machines that
are one of a kind, first at-
tempt machines built by a
wind power company or in-
dividual.

Prototype WECS are wind
machines built after the ex-
perimental design stage in
limited numbers for the pur-
pose of testing.

It may be difficult to tell the dif-
ference between a prototype and pro-
duction phase wind machine espe-
cially with machines made by newer
and smaller companies in the wind in-
dustry. Some questions that can
guide local decisions about how a
particular wind machine will be de-
fined are:

# How many other wind machines of
the same model under consideration
has the company built and instalied?
# How long have other wind ma-
chines of the same model been
operating? ‘

B Has operation of other wind ma-
chines of the same model been suc-
cessful and safe?

8 Have any machines built by the
company failed? If yes, how is the
proposed WECS different from any
machine the company has had prob-

lems with?

Wind machines that are not vet in
production phase stage of develop-
ment will not have the testing and
operating record of a production
phase WECS and may not be as safe.
There is no reason, however, to be-
lieve that these types of WECS will
automatically be more hazardous or
potentially hazardous than production
phase wind machines. Also the
number of homebuilt, experimental,
and prototype WECS should be very
small relative to production phase
machines. But since the prototype,
experimental, and homebuilt WECS
have not stood the test of time and
experience, these machines will be
considered differently in the zoning
amendments discussion that follows.

Wind machine zoning
amendments

This section presents model zon-
ing language and discussion on the
following topics concerning zoning for
wind machines.

Statement of purpose

Definitions
Use designation

Homebuilt, experimental,
and prototype WECS

Permit application

Size regulations

Rotor size

Minimum height

Maximum height

Height and aviation concerns
Tower base

installation and design
Tower safety

Rotor safety

Rotor and tower compatibility
Electrical safety

Utility notification

Battery storage safety
Reconditioned and modified
WECS

Warning sign

Tower access

WECS on top of building

Siting

Setbacks

Siting and aesthetics
Clearance from electrical lines

Nuisance concerns
Noise




Radio frequency or electrical in-
terference
Signal interference

Other regulations
Insurance

Joint use of electricity
Ornamental wind machines
Wind access

Abatement and removal of aban-
doned towers

Partial invalidity

Interpretation

Explanations of why certain ap-
proaches are recommended or dis-
couraged are included in the discus-
sions of these topics. Not all of these
topics need to be considered in each
community. If a topic discussed in this
chapter is not a concern in the com-
munity, then it doesn’t need to be in-
cluded in an ordinance. A model ordi-
nance that summarizes the sample
language in this section is included in
Chapter 5.

Statement of purpose

Including a purpose statement on
WECS in the zoning ordinance may be
helpful in clarifying why WECS are
being considered in the ordinance.

The city (or county or town
ship) of (insert name of commu-
nity) promotes the effective
and efficient use of wind en-
ergy conversion systems
(WECS) with appropriate
regulations on the siting, de-
sign, and installation of
WECS so that the public
health, safety, and welfare
of neighboring property
owners or occupants will not
be jeopardized.

Definitions

In 1982, the Minnesota Legislature
adopted the following definition of
wind machines:

Wind energy conversion system
(WECS) means any device such
as a wind charger, windmill, or
wind turbine which converts
wind energy to a form of useable
energy.

This definition is in Minnesota Statute
116J.06, subdivision 13 and seems
suitable for use in local zoning ordi-

nances. Other definitions that may be
useful to include are as follows:

Overspeed controls are
mechanisms to limit the
speed of blade rotation to
below the design limits of
the wind energy conversion
system (WECS).

Total height means the dis-
tance between ground level
and the tallest vertical exten-
sion of the WECS.

Lowest extension of WECS
blades means the lowest
point of the arc created by
. the rotation of the WECS
rotor.

Production phase WECS are
professionally designed
wind machines that are built
in significant numbers on a
continuing basis after test-
ing. Wind machines made
from professionally de-
signed Kkits will be consid-
ered production phase
WECS.

Experimental and homebuilt
WECS are wind machines that
are one of a kind, first at-
tempt machines built by a
wind power company or in-
dividual.

Prototype WECS are wind
machines built after the ex-
perimental design stage in
limited numbers for the pur-
pose of testing.

Total height and the lowest extent
of WECS blades are graphically repre-
sented in the accompanying drawing.
If questions come up about the dif-
ferences between production phase
and prototype WECS, refer back to
the section entitled homebuilt, exper-
imental, and prototype WECS. That
section includes questions that can
be used to provide guidance in draw-
ing distinctions between prototype
and production phase machines.

Use designation

Thehext step is to give a use des-
ignation to WECS. The two possible
designations are permitted accessory
use or conditional use. The pros and
cons of each option and some guide-
lines for determining the appropriate
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lowest extent of WECS blades

total
height

Definitions: Total Height and Lowest Extent
of WECS Blades

designation are discussed in Chapter
2. If you are reading this Chapter first,
it would be helpful to review the part
of Chapter 2 that discusses this issue.
The policy decision made in Chapter 2
will determine which option dis-
cussed in this section is taken.

If the decision is to consider WECS
as a permitted accessory use, the
suggested procedure to ensure that
WECS comply with any regulations
that are developed is to require that a
WECS installation and operation per-
mit be obtained. A WECS permit
would only be issued if the proposed
installation complies with the WECS
regulations that are adopted. If the
WECS is not operating properly and
actions aren't taken to correct prob-
lems, then the permit can be revoked.

If the decision is to consider wind
machines a conditional use, the con-
ditional use permit application would
serve to notify government staff of
the proposed WECS and to ensure
compliance with all conditions out-
lined in the ordinance. The conditional
use permitting procedure could be
used to ensure compliance with regu-
lations on both installation and opera-
tion of a WECS. If a WECS is not
operating properly and actions aren't
taken to correct operating problems,
than the conditional use permit could
be revoked.

A different use designation may be
appropriate in different zoning dis-
tricts. For this reason six options are
outlined below for use designations
for the three categories of zoning dis-
tricts. (See section above entitled dif-
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ferent WECS provisions for different
zoning districts for explanation of the
three categories.)

.9n small lot residential districts, one
of the following two options should
suffice. The first option is the permit-
ted accessory use designation while
the second option is the conditional
use designation. Which option is cho-
sen is a decision that needs to be
made at the local level.

?  Production phase WECS shall
be a permitted accessory use
in small lot residential dis-
tricts, _____, if the pro-
posed WECS complies with
all applicable regulations in
the zoning ordinance. (Fill in
the blank with the appropriate
district title or titles.)

" or

Production phase WECS-shall
be a conditional use in stall
lot residential  districts,
-——, if the proposed
WECS complies with all ap-
plicable regulations in the
zoning ordinance. (Fill in the
blank with appropriate district
title or titles.)

The following two use designation
options are for large lot residential
districts and commercial districts. Be-
cause there is probably less likelihood
of adverse impacts associated with
WECS in these districts, it may be
more appropriate to select the per-
mitted accessory use option. Choos-
ing the appropriate use designation,
however, depends on community
conditions, and this decision must be
made based on local evaluation.

Production phase WECS shall
be a permitted accessory use
in large lot residential dis-
tricts and in commercial dis-
tricts, —, if the pro-
posed WECS complies with
all applicable regulations in
the zoning ordinance. (Fill in
the blank with the appropriate
district titles.)

or

Production phase WECS shall
be a conditional use in large
lot residential districts and
in commercial districts,

, if the proposed
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WECS complies. with all ap-
plicable regulations in the
zoning ordinance. (Fill in the
blank with the appropriate dis-
rict titles.)

The following two options apply to
industrial and agricultural districts.
The permitted accessory use desig-
nation seems the most appropriate
because the effects of wind machines
in such districts would likely be min-
imal. Again, however, individual com-
munity evaluation may be necessary.

Production phase WECS shall
be a permitted accessory use
in industrial and agricultural
districts, . if the
proposed WECS complies
with all applicable regula-
tions in the zoning ordi-
nance. (Fill in the blayik with the
appropriate district titles.)

or

Production phase WECS shall
be a conditional use in in-
dustrial and agricultural dis-
tricts, , if the pro-
posed WECS complies with
all applicable regulations in
the zoning ordinance. (Fill in
the blank with the appropriate
district titles.)

In the sample languagé throughout
the rest of the guidebook both condi-
tional use and permitted accessory
use designation options will be con-
sidered. Model language pertinent to
the conditional use option will be
given in parentheses after language
pertaining to permitted accessory
use. If the conditional use option is
chosen, than use the language in pa-
rentheses and delete the references
to permitted accessory use.

Homebuilt, experimental,
and prototype WECS

The definitions and the earlier sec-
tion on homebuilt, experimental, and
prototype definitions explain the dif-
ferences between these machines
and production phase WECS. This
discussion focuses on how these ma-
chines should be treated differently in
zoning provisions applicable to dif-
ferent zoning districts.

It seems appropriate to not allow
homebuilt, experimental, and proto-

type WECS in small lot residential
districts because of the density of de-
velopment. The following language
should suffice:

Homebuilt, experimental,
and prototype WECS shall not
be allowed in small lot resi-
dential districts, |
(Fill in the blank with the appro-
priate zoning district or districts
title.)

For large lot residential and com-
mercial districts three options are
presented though other possibilities
are certainly available. One option is
that if the permitted accessory use
option has been chosen for produc-
tion phase machines then experimen-
tal, homebuilt, and prototype ma-
chines could be considered a
conditional use. All the requirements
necessary to get a WECS permit
would apply and in addition a public
hearing would be held. The following
language summarizes this option.

Homebuilt, experimental,
and prototype WECS shall be
allowed as a conditional use
in large lot residential
and commercial districts,
_, if the proposed
WECS complies with all regu-
lations imposed on WECS al-
lowed as permitted accessory
uses. (Fill in the blank with the
appropriate district titles.)

The second option would be to
allow homebuilt, experimental, and
prototype WECS as a conditional use
and impose an additional requirement
that liability insurance be obtained.
The following language summarizes
this option:

Homebuilt, experimental,
and prototype WECS shall be
allowed as a conditional use
in large lot residential
and commercial districts,
—, if the proposed
WECS complies with all ap-
plicable regulations in the
zoning ordinance. In addi-
tion, liability insurance must
be obtained by the owner of
a prototype, homebuilt, or
experimental WECS. The
amount of liability insurance
deemed adequate will be de-




termined by the WECS

owner. (Fill in the blank with the .

appropriate district titles.)

If a liability insurance requirement
has been imposed on all wind ma-
chines, then this option will not be
very effective and option number 3
may be the most oppropriate. (See
discussion on p. on liability insur-
ance requirements.)

The third option is not allow home-
built, experimental, and prototype
WECS in large lot residential and
commercial districts. The following
language summarizes this option:

Homebuilt, experimental,
and prototype WECS shall not
be allowed in large lot resi-
dential and commercial dis-

tricts, — . (Fill in the
blank with the appropriate dis-
trict titles.) .

Two options are presented on how
to address homebuilt, experimental,
and prototype WECS in industrial and
agricultural districts. The first option is
1o treat these types of machines the
same as production phase machines.
This could be justified by the likely
long distance between a WECS in one
of these districts and any other struc-
ture. The following language summa-
rizes this option:

Homebuilt, experimental,
and prototype WECS shall be
allowed and treated as pro-
duction phase WECS in in-
dustrial and agricultural dis-
tricts, ———____ if the
proposed WECS complies
with all applicable regula-
tions in the zoning ordi-
nance. (Fill in the blank with the
appropriate district titles.)

The second option would be to
treat homebuilt, experimental, and
prototype WECS like production
phase wind machines but to impose
as an additional requirement that lia-
bility insurance be obtained. The fol-
fowing language summarizes this op-
tion:

Homebuilt, experimental,
and prototype WECS shall be
allowed and treated like pro-
duction phase WECS in in-
dustrial and agricultural dis-

tricts, . if the
proposed WECS complies
with all applicable regula-
tions in the zoning ordi-
nance. In addition, liability
insurance must be obtained
by the owner of a homebuilt,
experimental, or prototype
WECS. The amount of liabil-
ity insurance deemed ade-
quate will be determined by
the WECS owner. (Fill in the
blank with the appropriate dis-
trict titles.)

]

Permit application

The permit application process is
very similar for a WECS permit which
would be obtained if a wind machine
were considered a permitted acces-
sory use or a conditional use permit if
the conditional "'use 'designation was
chosen. Two options are given below.
Which one is chosen will depend on
which use designation has been cho-
sen.

Permitted accessory use

No production phase WECS
shall be allowed in small lot
residential districts, large lot
residential and commercial
districts, or in industrial and
agricultural districts without
applying for and obtaining a
WECS permit. No homebuilt,
experimental, or prototype
WECS shall be allowed in in-
dustrial and agricultural dis-
tricts without applying for
and obtaining a WECS per-
mit.

AWECS permitalso applies to
the operation of a WECS. The
permit may be revoked if the
WECS operation does not
comply with all applicable
regulations in the zoning or-
dinance.

Application for a WECS per-
mit shall be accompanied by
a drawing or drawings that
show the following:

8 location of the proposed
WECS including guy wires
and any other auxilliary
equipment,

® property lines and physi-
cal dimensions of the lot,

@ clearance distances be-
tween the farthest extension
of the WECS blades to prop-
erty lines,

8 location, dimensions, and
types of existing structures
and uses on the lot,

@ location of all above-
ground utility lines within a
distance equivalent to the
total height of the WECS, and
2 location and size of struc-
tures, trees, and other objects
within 300 feet which are
taller than the lowest extent
of the blades of the proposed
WECS.

or

Conditional Use No pro-
duction phase WECS shall be
allowed in small lot residen-
tial districts, large lot resi-
dential and commercial dis-
tricts, or in industrial and
agricultural districts without
applying for and obtaining a
conditional use permit. No
homebuilt, experimental, or
prototype WECS shall be al-
lowed in industrial and agri-
cultural districts without ap-
plying for and obtaining a
conditional use permit.

A conditional use permit for
a WECS also applies to the
operation of a WECS. The
permit may be revoked if the
WECS operation does not
comply with all applicable
regulations in the zoning or-
dinance.

Application for a conditional
use permit for a WECS shall
be accompanied by a draw-
ing or drawings that show the
following:

B location of the proposed
WECS including guy wires
and any other auxilliary
equipment,

B property lines and physi-
cal dimensions of the lot,

B clearance distances be-
tween the farthest extension
of the WECS blades to prop-
erty lines,

@ location, dimensions, and
types of existing structures
and uses on the lot,
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@ location of all above-

ground utility lines within a

« * distance equivalent to the
total height of the WECS, and
# location and size of struc-
tures, trees, and other objects
within 300 feet which are
taller than the lowest extent
of the blades of the proposed
WECS.

Size regulations

Regulations on several aspects of
the size of wind machines including
WECS height and rotor size seem ap-
propriate. Some of the regulations, for
example, height limits with regard to
aviation concerns, should apply to all
WECS regardless of their size or loca-
tion. The size of wind machines al-
lowed in different districts, however,
can be different. The need for size
regulations and proposed zoning lan-
guage are outlined in this section.

Rotor size

The WECS rotor size limit for resi-
dential zones should be related both
to the amount of electricity required
after reasonable conservation mea-
sures have been taken and to the ex-
pected impacts in lots of different
sizes. As noted in Chapter 1 the wind
machine size range suitable for most
homes without electric heat is a rotor
diameter of 12 to 16 feet. All-electric
homes could use the amount of elec-
tricity produced by large machines
with rotors of up to 35 feet in diame-
ter. To provide a little leeway for the
development of new wind machines,
typical WECS that are currently avail-
able, and for the needs of all-electric

homes, the suggested rotor size limit

for WECS in small lot residential dis-
tricts is 28 feet in diameter. The fol-
lowing language is suitable:

All WECS in small lot resi-
dential districts shall not

have rotors that are longer -

than 28 feet in diameter.

It seems appropriate to allow larger
wind machines in large lot residential
districts and in commercial zones.
The visual impacts of a wind machine
will likely be less in an area with large
lots and in commercial zones, espe-
cially in business areas with lots of
signs. The suggested rotor size limit
is 35 feet in diameter. The following
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language shouid suffice:

All WECS in large lot residen-
tial and commercial districts
shall not have rotors that are
longer than 35 feet in diame-
ter.

Some adjustment to this figure may
be necessary depending on what de-
cision is made about what zoning dis-
tricts in your community are included
in the large lot residential and com-
mercial districts’ categories. One fac-
tor to keep in mind when making ad-
justments is what are the typical sizes
of wind machines available. For ex-
ample, many-wind companies are be-
ginning to make a 10 meter or 32 foot
machine. Reducing the 356 foot size
limit to 30 feet would eliminate the
possibility of siting thesé machines
and could significantly limit the
number of wind machines available to
prospective buyers.

Another factor to consider is the
size of lots in large lot residential dis-
tricts. In an area of very large lots, for
example, 5 or more acres, a WECS
size limit of 40 or more feet may be
more appropriate.

in industrial and agricultural zones
the suggested size limit is that rotors
be no longer than 50 feet in diameter.
The following language should suf-
fice:

A WECS in industrial and ag-
ricultural districts shall not
have rotors that are longer
than 50 feet in diameter.

A final note with regard to rotor size
limits, especially the 35 and 50 foot
limits, is that they should be eval-

" uated periodically. Indeed, all zoning

300 feet

ordinance language should be up-
dated regularly but this point in partic-
ular deserves review because the
wind industry is changing so rapidly.
For example, a 36 foot WECS design
could become very popular, and a 35
foot limit could be revised to allow for
changes in technology and still
achieve a similar level of control.

Minimum height

The safety and efficiency of WECS
operation can be impaired if the tower
is not tall enough to be above turbu-
lence created by nearby buildings and
trees. For this reason a community
may want to set a minimum height for
a WECS in the ordinance. Minimum
height language would help assure
safer and more efficient WECS opera-
tion, help address wind access con-
cerns, and could be considered a con-
sumer protection device. The rule of
thumb on tower height should guide
development of any minimum height
language. The rule of thumb is that
the WECS tower should be tall
enough so that the lowest extent of
the blades is at least 30 feet above
any obstacle within 300 feet. The fol-
lowing language is one way to ad-
dress this concern.

The minimum height of the
lowest extent of the WECS
rotor shall be 30 feet above
the highest structure allowed
under the district zoning re-
quirements or 30 feet above
the expected tree height at
maturity  whichever  is
higher, that is within 300
feet.

The provision on expected tree
height at maturity could be a problem

80 feet
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Minimum Height Above Expected Mature Tree Height

Minimum height of the wind system should be 30 feet above the expected mature tree height of
trees within 300 feet even if the existing trees are not yet mature.
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in areas with sinall existing trees. If
the existing vegetation is quite small,
minimum height language that re-
guires siting at a level above the ex-
pected tree height at maturity could
mean putting a WECS on a taller
tower than is necessary at the time.
Indeed a taller tower would be higher
than absolutely necessary until the
trees did grow to maturity. The effi-
ciency of WECS operation may be in-
creased by the taller height though
the increase in efficiency may not
warrant the additional cost of a taller
tower.

Another option would be to specify
that the WECS shall be 30 feet above
the tree height expected in 15 years.
A concern with this is that it may be
difficult to assess the height of a tree
after 15 more years of growth while
there are fairly standard figures giving
the likely mature heights of different
tree species. .

A final point concerning the mini-
mum height language noted above is
that the minimum height appropriate
at different sites will depend on the
individual characteristics of those
sites. For example, the required min-
imum height at a site close to mature
elms of 70 feet would be that the
lowest extent of the WECS blade
must be 100 feet above the ground.
At a site where the predominant tree
species was maple, which would
likely grow to 50 feet, the appropriate
minimum height would be 80 feet
above the ground.

If the language above on minimum
height seems too cumbersome or if
there is little interest in ensuring effi-
cient WECS operation, the following
language is recommended to ensure
that basic safety is assured.

The minimum height of the
lowest extent of the WECS
blade shall be 30 feet above
the ground.

Maximum height

Many people argue that height
limits for wind machine towers are
not necessary because tower sizes
will be limited by the cost of the tower
and are a restriction of an individual's
ability to maximize production of
electricity from a WECS. The rule of
thumb used above in establishing a
minimum height limit, 30 feet be-
tween the lowest extent of the WECS
blade and any obstacle within 300

feet, assures an adequate height but
does not assure that the WECS will be
at an optimal height. The additional
cost of a taller tower may be offset by
an increase in electricity production
that is worth the increased initial cost.
The cost of tall towers should limit
WECS height to a level at which in-
creased production of electricity re-
sulting from the taller tower justifies
the increased cost.

A machine that is higher than the
30 feet above obstacles rule of thumb
will also be safer because there will
be even less turbulence caused by
buildings and trees. Any sound from a
WECS would be less noticeable the
higher it is above the ground. A final
factor is that the wind machine won't
look as imposing on top of a tall tower
as on a smaller tower. The relative vi-
sual impact of the towers them-
selves, howevef, still needs to be
evaluated.

All of these factors warrant giving
careful consideration to not putting
any height limits on WECS except
those limits related to aviation. Ex-
empting WECS from height limits
would seem particularly appropriate
in industrial and agricultural districts
and possibly in some commercial
zones.,

In many residential districts, how-
ever, tall WECS towers may not be
considered appropriate. If a maximum
height limit is considered necessary
in your community, then the height
limit should be established using a
procedure that balances the aesthetic
and other concerns of the community
with the need to allow for safe and
efficient WECS operation. Basically
what this means is that a maximum
height should not be set any lower
than the height necessary to achieve a
30 foot clearance between the lowest
extent of the WECS blades and trees
and buildings. But to reduce aesthetic
impacts the height limit may be set
just at the level necessary to achieve a
30 foot clearance and no more. To
give more flexibility for increased effi-
ciency and safety in WECS operation,
the maximum height limit may be set
at 30 feet above any obstacles plus an
additional margin.

The first step in determining a suit-
able maximum height limit is to de-
termine the potential mature height of
the tree species in the districts and to
review maximum allowable building
heights both in and within 300 feet of
residential districts. A city forester,

agricultural extension agent, or biol-
ogy or horticulture teacher in a local
school may be helpful in determining
tree heights. Individual measurement
of trees is not necessary; the purpose
of this step is to gain a general aware-
ness of the tree species and potential
mature heights in the zoning districts.
In areas with newly planted trees or
trees that are susceptible to disease,
such as elms, it may be prudent to
consider the potential mature height
of likely replacement trees.

In most residential districts trees
will be taller than buildings. For exam-
ple, assume that maple trees are the
predominant tree species, the mature
height of this species can be up to 50
feet. A suitable maximum height limit
measured from the lowest extent of
the WECS blade in such a district
would be 80 feet, 50 feet (tree height)
plus 30 feet (height above obstacles).
In areas with elms the height limit
would need to be higher. Elms can
grow up to 100 feet in Minnesota,
though a more typical size range is
beetween 60 to 80 feet. An appro-
priate height limit in areas with elms
would be 110 feet, 80 feet (tree
height) plus 30 feet {(height above ob-
stacles).

Commercial areas bordering a resi-
dential district may have a maximum
allowable building height that is taller
than tree height. Depending on the al-
lowable building beights, maximum
height based on the height of existing
or future buildings plus 30 feet may
not be appropriate. In this case a max-
imum height limit would mean that a
wind machine sited along the border
of a residential district near tall build-
ings would not be able to be high
enough for efficient operation. The
combination of the maximum height
limit and the minimum height lan-
guage noted earlier would discourage
the installation of wind machines in
this type of location. In that setting the
limit to WECS siting is appropriate.

The next step in setting the max-
imum height limit is to compare the
variety of tree heights and allowable
building heights in and near the dif-
ferent residential districts in your
community. If tree heights are similar
in all the residential districts, then one
maximum height limit could be estab-
lished for all residential zones. If there
is a variety of typical tree heights, it
may be useful to establish different
maximum height limits in different
residential districts; however, dif-
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ferent limits may be cumbersome. In-
stead the tallest height limit could be
adopted for all districts. In the exam-

" ple noted earlier of two residential

districts, one with maximum height
limit of 80 feet because of maple
trees and the other with a height limit
of 110 feet because of the predomi-
nance of elms, the 110 foot maximum
could be adopted for all residential
districts. For the example above, the
following language would be appro-
priate:

The maximum height of the
lowest extent of the WECS
blades will be 110 feet.

The final step in establishing a
maximum height limit is deciding
whether or not the height limit will

_just be based on the minimum clear-

ance of 30 feet above trees and build-
ings, or if a taller height will be al-
lowed to provide greater opportunity
for a WECS to operate more effi-
ciently and with greater safety than is
provided by a height based on the
minimum clearance of 30 feet. To
make this decision the advantages of
providing greater flexibility for a po-
tential WECS owner and the possibil-
ity of increased operating efficiency
and safety need to be weighed
against possible aesthetic concerns
about tower height. A suggested ad-
ditional figure to provide more flexi-
bility is 20 feet. This suggestion is
based on an assessment that the vi-
sual impacts of a tower 130 feet tall
will not be significantly different from
a tower that is 110 feet tall while the
taller tower limit provides more flexi-
bility to a potential WECS owner. The
exact figure suitable in your commu-
nity will be based on individual com-
munity characteristics. If the 20 foot
figure is chosen, however, the sample
language above would be changed
from 110 feet to 130 feet and would
read as follows:

The maximum height of the
lowest extent of the WECS
blades will be 130 feet.

A final note concerning height
limits is that it may be useful to expli-
citly exempt WECS from maximum
heights established for buildings. Al-
though establishing specific WECS
height limits implies that building
height limits do not apply to WECS,
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clarification of this may be helpful. All
that is necessary is to include wind
energy conversion systems in the list
of items such as chimneys, radio
towers, water tanks, and other struc-
tures to which building height limits
do not apply.

Height and aviation concerns

Two sets of regulations concerning
aviation could possibly influence the
height and location of wind machines.
The Federal Aviation Administration
regulations yare primarily concerned
with protecting existing airspace. The
other possible influence is local air-
port zoning. The Minnesota Legisla-
ture has-enabled local governmental
units to adopt airport zoning. A model
zoning ordinance prepared by the
Minnesota Department of Transpor-
tation provides guidarice in develop-
ing local airport zoning. The model
ordinance considers preserving air-
space and regulating land use in
safety zones around airports.

Federal Aviation Administration
regulations require notification of any
construction or alteration that is:

B more than 200 feet in height
above the ground level at its site or
® of greater height than an imagi-
nary surface extending outward at
one of the following slopes:
@ 100 to 1 for a horizontal dis-
tance of 20,000 feet from the
nearest point of the nearest
runway of any public or mili-
tary airport, or public airport
that is under construction,
with at least one runway
more than 3,200 feet in
length.
B 50 to 1 for a horizontal dis-
tance of 10,000 feet from the
nearest point of the nearest
runway of any public or mili-
tary airport, or public airport

that is under construction,
with its longest runway no
more than 3,200 feet in
length.

B 25 to 1 for horizontal dis-
tance of 5,000 feet from the
nearest point of the nearest
landing and takeoff area of a
heliport.

Notification to the FAA regional of-
fice is required if a proposed wind
machine is over 200 feet tall. If the
total WECS height is less than 200

feet, notification may still be neces-
sary if it is located near an airport. The
Great lLakes Regional Office is at
2300 East Devon Avenue, Des
Plaines, IL 60018 & (312) 694-4600
ext. 456.

After notification, the FAA will do
an aeronautical study and make a de-
termination if the WECS is a hazard to
aviation. If it is not considered a haz-
ard, installation of the WECS will be
allowed without any stipulations. If it
is considered a hazard to navigation,
construction may not be allowed or it
may be allowed with appropriate
warning lights. Notification to the FAA
is the responsibility of the individual
or business interested in installing a
wind machine. The following lan-
guage, however, may be heipful to
ensure that the WECS permit appli-
cant is aware that FAA requirements

may apply:

All proposed WECS shall
comply with Federal Aviation
Administration neotification
requirements and any other
applicable regulations.

Local airport zoning in Minnesota
can regulate airspace obstructions to
preserve existing airspace and land
uses in safety zones around the air-
port. Depending on the exact zoning
language, a WECS could be prohi-
bited if it was proposed for installation
in a safety zone or was high enough to
be an obstruction. The outermost
boundary in which airspace obstruc-
tion or land use safety zoning can
occur is two miles from the airport
boundary. If there is no airport in or
within 2 miles of your community, re-
guiring compliance with airport zon-
ing in zoning regulations on wind ma-
chines is not necessary. The following
language is suggested, however, for
cities and townships with or near air-
ports and for counties that have air-
ports:

All proposed WECS shall be
in compliance with any ap-
plicable airport zoning.

Tower base

Some communities have proposed
a limit to the size of the base of the
WECS tower. Establishing a reason-
able size limit may be difficult. Also
the concern seems to be how well the
tower fits on the lot rather than the




absolute size of the tower base. A
suggestion, then is to include the
tower base in calculations of lot cov-
erage. In this way a large lattice tower
could be built on a large lot but not on
a smaller lot. The following language
outlines this point:
The base of a WECS tower
shall be included in calcula-
tions of lot coverage. In the
case of the guyed tower, the
area covered by the guy wire
anchor points shall also be
included in lot coverage cal-
culations.

For example, a base of a lattice
tower with three legs 10 feet apart
would cover an area of 43 square feet
(area of the triangle equals 2 base
times the height), and this area should
be added into calculations of lot cov-
erage. A guyed pole tower with 3 guy
wire anchors would cover an area of
about 19 square feet. The base would
be about 16 square feet, and allowing
1 square foot for each guy wire an-
chor, the total area would equal 19
square feet. If adding the additional
footage into the lot coverage calcula-
tion exceeds the allowable lot cover-
age, the WECS would not be allowed.
(See accompanying drawing.)

view from top

tower base = 16 square feet
anchor point = 1 square foot
total area = 16+ (3 x 1)=19 square feet

Area of Guyed Tower Base Calculations

installation and design

Regulations in this section on
WECS installation and design focus
on safety concerns. The job of local
government officials to address the
safety and other aspects of WECS will
be made much easier when industry
standards are established. The Amer-
ican  Wind Energy Association

(AWEA) is currently developing stan-
dards for wind energy conversion
systems. The American Society for
Testing and Materials (ASTM) plans
to review and adopt the standards if
they are adequate. The topics the
standards would cover are terminol-
ogy, performance, siting, installation,
electric power subsystems, safety,
design criteria, and certification and
fabeling. The standards are expected
to be approved in 1983. Once the
standards are approved, wind ma-
chine manufacturers can have their
machines tested for compliance with
the standards.

These standards would be very
helpful for local governments be-
cause the safety of wind machines is
difficult to evaluate on the local level.
Rather than including the installation
and design regulations discussed in
this section in a.zoning ordinance, the
ordinance could adopt the AWEA
standards.

Unfortunately, the standards are
not completed now. The installation
and design regulations in this section
are suggested for use until the in-
dustry standards are adopted. The
Energy Division is monitoring the de-
velopment of standards and, as staff
and budget cuts permit, will keep
communities who have received this
guidebook informed on the AWEA
standards.

Tower safety

The safety of wind machine towers
is addressed in the Minnesota State
Building Code. Pertinent code provi-
sions are in Chapter 23, section 2311,
part g. Chapter 23 covers general de-
sign requirements while section 2311
addresses designing for wind pres-
sure and part g concerns open frame
towers. Minnesota’'s State Building
Code is the Uniform Building Code
adopted by reference and with
amendments. The Minnesota amend-
ments include additional language
concerning added ice load on the
tower. Because of the wind machine
on top of the tower, it will likely have
to meet part j in section 2311. The
building code provisions are sum-
marized below.

Minnesota State Building Code provi-
sions, pertinent to WECS, Uniform
Building Code, Chapter 23, Section
2311, part g.

Adopted by reference with amend-
ments in Minnesota at 2 MCAR §1.10111.

(g) Open Frame Towers. Radio towers
and other towers of trussed construc-
tion shall be designed and constructed
to withstand wind pressures specified
in this section, multiplied by the shape
factors set forth in Table No. 23-H.
Wind pressures shall be applied to the
total normal projected area of all the
elements of one face (excluding lad-
ders, conduits, lights, elevators, etc,
which shall be accounted for separately
by using the indicated factor for these
individual members).

The effect of one-half inch of radial ice
shall be included in the design of open
frame towers including all supporting
guys. This effect shall include the
weight of the ice and the increased pro-
file of each such tower component so
coated.

Chapter 23, Section 2311, part j

(j) Combined Wind and Live Loads. For
the purpose of determining stresses, all
vertical design loads except the roof
live load and crane loads shall be con-
sidered as acting simutaneously with
the wind pressure.,

if the Minnesota State Building
Code is in effect in the community,
the following language could be
adopted to address tower safety:

All WECS tower structures
shall be designed and con-
structed to be in compliance
with pertinent provisions of
the Minnesota State Building
Code. Indication of compli-
ance may be obtained from
the manufacturer’s engi-
neering staff or by a Minne-
sota professional engineer
or by an individual with
technical training on WECS.

Not all professional engineers are
familiar with wind machine towers
while considerable expertise is held
by companies that manufacture
towers. While an independent ap-
praisal of tower safety may be more
satisfactory, the ability of a local gov-
ernment to obtain such an appraisal is
limited. It is for this reason that cer-
tification of tower safety by the man-
ufacturer is considered acceptable.

An individual trained about wind
energy and WECS may also be able
to evaluate tower safety. For exam-
ple, the Red Wing AVT! has a techni-
cal wind energy training program. An
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individual who has completed the
Red Wing or a similar course could
evaluate the safety of wind towers
and the other safety concerns ad-
dressed in this section. Deciding
whether or not an individual is quali-
fied to evaluate the tower and other
safety aspects considered here is up
to local government staff and offi-
cials. If community staff and officials
are not comfortable making such a
decision then the provision on safety
certification by an individual with
technical training on WECS could be
removed.

In a community where the State
Building Code is not in effect the sug-
gested standard for certification is
good engineering practice. The fol-
lowing language should suffice if the
Building Code is not in effect:

The safety of the design and
construction of all WECS
towers shall be certified by
~the manufacturer’s engi-
neering staff, by a Minnesota
professional engineer, or by
an individual with technical
training on WECS. The stan-
dard for certification shall be
good engineering practices.

One last concern about tower
safety applies only to guyed towers.
It.is usually standard practice to in-
stall safety wires on the turnbuckles
of guy wires. Safety wires prevent vi-
bration or vandals from loosening the
turnbuckle. It would be appropriate to
specify in the zoning ordinance that
safety wires be installed on turnbuck-
les. The following fanguage should
suffice:

Safety wires shall be in-
stalled on the turnbuckles
on guy wires of guyed WECS
towers.

Rotor safety

Two elements of rotor safety need
to be considered. The first is the pres-
ence of both manual and automatic
overspeed controls. The second ele-
ment is evidence that the rotor and
overspeed controls have been prop-
erly designed and constructed to en-
sure the safety of operation.

An overspeed control system may
either slow the rotor down to a safe
speed or completely stop the rotor.
One possible arrangement is that an

automatic overspeed control, like
spoiler flaps, would slow down the
machine while a manual control could
be a brake that completely shuts the
machine down. Another arrangement
could be to have both the automatic
and manual overspeed controls be
devices that slow the rotor to a safe
speed. There is a wide variety of
overspeed controls, and requiring a
particular type of automatic and man-
ual overspeed controls is not neces-
sary.

It is more difficult to evaluate the
adequacy qf rotors and the allowed
overspeed controls. The engineering
of a WECS is not an exact science.
Experimental and prototype ma-
chines are built to test the engineer-
ing and design of a WECS. A produc-
tion phase machine should have
adequate rotor and overspeed control
devices, or presumably the company
wouldn’t be able to sell very many
machines. The wind industry with a
few exceptions of companies that
have been in the business since the
1930's is in its beginning stages, and
problems have been known to occur
on production phase machines. The
following language includes consider-
ation of the need to analyze certain
characteristics of production phase
and other WECS.

All WECS shall be equipped
with manual and automatic
overspeed controls. The con-
formance of rotor and over-
speed control design and
fabrication with good engi-
neering practices shall be
certified by the manufac-
turer’s engineering staff or
by a Minnesota professional
engineer or by an individual
with technical training on
WECS.

It is important to realize that ob-
taining certification from a profes-
sional engineer can be costly. Also
many professional engineers do not
have any experience with wind ma-
chines and will not be able to ade-
quately evaluate a WECS. For these
reasons the two other options noted
for obtaining certification are included
in the model language. To further ad-
dress the problem of an engineer not
being familiar with WECS, it may be
helpful to specify that if the individual
interested in installing a WECS de-
cides to obtain certification from a

professional engineer, then the engi-
neer must be familiar with wind ma-
chines or consult with someone who
is.

Rotor and tower compatibility

The compatibility of the WECS
with the tower on which it is
mounted is very important. An impro-
perly matched WECS and tower can
begin to vibrate and cause serious fa-
tigue problems and other damage.
Certification of tower and WECS
compatibility should also be required.
The following language summarizes
these points.

The compatibility of the
tower structure with the
rotors and other compo-
nents of the WECS shall be
certified by the manufac-
turer’s engineering staff or
by a Minnesota professional
engineer or by an individual
‘'with technical training on
WECS.

Electrical safety

The National Electric Code (NEC)
covers all the electrical aspects of a
wind machine except for the actual
interconnection between the WECS

~and the utility. The National Electric

Code has been adopted in Minne-
sota. The electrical components of
the WECS should be inspected by a
qualified electrical inspector for com-
pliance with the NEC.

Proposed rules issued by the Min-
nesota Public Utilites Commission
state that the interconnection be-
tween the WECS and the electric util-
ity shall comply with the National
Electrical Safety Code (NESC). The
NESC applies to utility facilities. Re-
quiring compliance with the National
Electrical Safety Code would likely be
appropriate in a local zoning ordi-
nance. It would be best, however, to
check with the Minnesota Public Util-
ities Commission to check on the
final rules. As budget and staff reduc-
tions permit, communities that re-
ceive this guide will receive an up-
date on the final PUC rules.

A final area of concern regarding
electrical safety is that the wind gen-
erating system should automatically
disconnect from the utility when
there is no power input from the util-
ity lines. This ensures that a WECS




will not feed electricity into utility
lines that are disconnected due to a
storm or accident or for repairs.

The following language is sug-
gested to address these concerns;

All electrical components of
the WECS shall be in compli-
ance with the applicable re-
quirements of the National
Electrical Code as currently
adopted by the Minnesota
State Building Code Division
and shall be inspected by a
qualified electrical inspec-
tor. The interconnection be-
tween the WECS and the
electric utility shall be in
compliance of the most re-
cent edition of the National
Electrical Safety Code. Certi-
fication will be supplied in
writing that the WECS will
automatically = disconnect
from the utility when there
is no power input from the
utility. This certification can
be supplied by the manufac-
turer of the WECS.

Utility notification

The local electrical utility needs to
be notified if the WECS is going to be
interconnected with the utility. The
proposed rules issued by the Minne-
sota Public Utilities Commission re-
guire that a written contract be made
between the wind machine owner
and the utility. Mention of the Minne-
sota and federal regulations on the
interconnection between utilities and
WECS and encouraging advance no-
tice to utilities would be useful in
local zoning ordinances. The follow-
ing language is suggested:

The interconnection of the
WECS with the local electri-
cal utility shall comply with
all applicable federal and
Minnesota regulations. Ap-
plicants for a WECS permit
(or a conditional use permit if
the conditional use designation
is chosen) should notify their
electrical utility in advance
of their installation plans.

Battery storage safety

Battery storage is most common
in rural areas that may not be under
zoning jurisdiction. Batteries can be a

hazard, however, if improperly stored
and connected to a WECS. To ad-
dress the possibility of battery
storage in your area, the following
language is recommended:

Battery storage units asso-
ciated with WECS shall be in
compliance with the Na-
tional Electric Code as cur-
rently adopted by the Minne-
sota State Building Code
Division and shall be in-
spected by a qualified elec-
trical inspector.

Reconditioned and modified
WECS

Old wind machines that have been
properly rebuilt or reconditioned
should operate safely. The skill indi-
viduals bring to madifying commer-
cially available WECS, however, can
vary and safety problems may result
from the modifications. Modification
of commercial wind machines is
usually not a good idea. Donald
Marier in his book, Wind Power for
the Homeowner, gives an example of
a modification to a machine’s govern-
ing device that resulted in the loss of
blades during a violent storm.

Safety concerns about recondi-
tioned and modified wind machines
can be addressed by requiring review
of the machines by a professional en-
gineer or an individual with technical
training on WECS. The following lan-
guage is suggested:

The safety of structural com-
ponents of reconditioned
WECS and the compatibility
of the rotors with the towers
of reconditioned WECS shall
be certified by a Minnesota
engineer or individual with
technical training on WECS.
The safety of electrical com-
ponents of reconditioned
WECS shall be certified by a
Minnesota registered electri-
cal engineer or individual
with technical training on
WECS. The safety of all modi-
fications to any WECS shall
be certified by a Minnesota
registered professional engi-
neer or individual with tech-
nical training on WECS. Cer-
tification of safety is
required before the WECS
permit (or conditional use per-

mit if the conditional use desig-
nation is chosen) is granted for
modifications made prior to
installation. Certification of
the safety of modifications
made after the WECS is in-
stalled and the permit is
granted is also required.
Failure to have the safety of
modifications certified after
the permit has been granted
shall result in revocation of
the WECS permit (or condi-
tional use permit if the condi-
tional use designation is chosen)
until certification has been
obtained.

Warning sign

A no trespassing sign warning of
high voltage should be posted at the
base of the tower. The following lan-.
guage should suffice:

At least one sign shall be
posted at the base of the
WECS tower and shall con-
tain the following informa-
tion:

B notice of no trespassing
and

@ warning of high voltage

There may be some concern that
requiring a warning sign on a WECS
represents unfair treatment because
utility and telephone poles and other
structures are often not required to
have a similar sign. A warning sign re-
quirement for WECS, however,
seems appropriate because they are
not as familiar to people as other
towers and structures. Also the haz-
ards of a WECS aren’t known while
most people know about dangers re-
lating to a utility line. As an unfamiliar
object, a WECS may be more likely to
attract people, especially children,
who are not likely to know of its pos-
sible hazards. A warning sign pro-
vides necessary information. In addi-
tion, a warning sign is not very costly.

There may be disagreement about
what constitutes high voltage levels
and whether or not such voltage
levels are found at a WECS installa-
tion. This phrase could certainly be re-
placed with other suitable language
but is used here because it is familiar
to most people and indicates a possi-
bly hazardous situation.

The notice of no trespassing ad-
dresses the problem of tower access
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and people trying to climb a tower.
This is more thoroughly discussed
elow.

s 'Finally, some communities have
required that warning signs include
information on emergency shutdown
procedures and phone numbers. Re-
quiring that emergency shutdown
procedures be included on a sign is
not recommended. Posting shut-
down procedures may facilitate tam-
pering and vandalism. Shutdown pro-
cedures can be complicated and pos-
sibly dangerous. Posting these proce-
dures could encourage an inex-
perienced person to try to shutdown
a machine which could be dangerous.
A difficulty with posting an emer-
gency phone number is whose phone
number should be listed? If this ques-
tion can be satisfactorily resolved,
then including an emergency phone
number could be added to the warn-
ing sign requirements.

Tower access

Wind machine towers, like trees,
utility towers, and many other struc-
tures, may be attractive to children
and others to climb on. Zoning lan-
guage that limits tower access should
be similar to whatever existing re-
quirements are applied to similar
structures. If a warning sign on utility
towers is considered sufficient in your
community, then similar treatment of
WECS towers is only fair. If more de-
tailed language is considered neces-
sary, the following is recommended:

WECS towers shall either
have tower climbing appara-
tus located not closer than 12
feet to the ground or be un-
climbable by design for the
first 12 feet.

Tower access has been a contro-
versial topic in some communities
and with the wind industry. Requiring
a fence around lattice towers or other
towers that are difficult to make un-
climbable by design has been a fairly
common proposal. There are two
problems with such proposals. First,
how effective is a fence in keeping
someone from the tower? A fence
can be climbed by someone deter-
mined to climb a WECS tower. The
second factor is that requiring a fence
increases the cost of the WECS in-
stallation and could reduce the cost
effectiveness to the point that an indi-
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vidual may not purchase a wind ma-
chine. Reqguirements that are an eco-
nomic burden on the potential WECS
owner could impair increases in the
use of wind energy and should not be
made without careful consideration of
their need and value. In this case, the
questionable value of a fence as a de-
terrent to tower access doesn’t seem
to justify the added expense that
would result from a fencing require-
ment.

Two other concerns have contri-
buted to fencing requirements around
WECS, protection from accidents and
vandalism. Protection from car or
other types of accidents can best be
addressed by. siting the WECS tower
and anchor points, in the case of a
guyed tower, away from a road. This
concern is “addressed in the siting
section.

It is unlikely that a fence would ef-
fectively stop vandals. The discussion
on tower safety earlier in this section
addresses aspects of this issue in its
recommendation to include language
requiring safety wires on the turn-
buckles of guy wires.

WECS on top of buildings

Siting a wind machine on top of a
building is not recommended be-
cause most roofs are not strong
enough to hold up under the weight of
the WECS, the wind pressure, and the
vibrations created by rotor move-
ment. Often structures on roofs, like
billboards, are mounted on supports
that go to the edge of the roof to pro-
vide enough strength to withstand
wind. Portions of the State Building
Code apply to WECS sited on top of
buildings. The following language is
suggested in communities in which
the State Building Code applies.

WECS sited on top of build-
ings shall comply with appli-
cable provisions of the Min-
nesota State Building Code.
Certification of compliance
by a Minnesota professional
engineer is required.

In communities that have not
adopted the State Building Code, the
following language is suggested:

WECS sited on top of build-
ings shall be designed and
constructed in conformance
with good engineering prac-

tices. Certification by a Min-
nesota professional engineer
of compliance with good en-
gineering practices is re-
quired.

Siting
Setbacks

Some communities in the country
have proposed to address WECS
safety concerns by requiring large
setbacks. Large setback require-
ments are one approach to very valid
concerns about wind machine fail-
ures. The approach recommended in
this guidebook is to address safety
concerns directly by requiring compli-
ance with the installation and design
requirements discussed above. The
setback requirements then can be
more consistent with those require-
ments applicable to other structures.
Two options are outlined below on
setback requirements:

Option 1

No part of a WECS shall be lo-
cated within or over drain-
age, utility, or other estab-
lished easements. No part of
a WECS including guy wire
anchors shall be located
within or over any required
minimum front, side or rear
yards.

Option 2

No part of a WECS shall be lo-
cated within or over drain-
age, utility, or other estab-
lished easements. No part of
a WECS shall be located on or
over property lines. The base
of a WECS or the guy wire an-
chors of a guyed WECS tower
shall not be located in any
required minimum front,
side, or rear yards.

Options 1 and 2 have the same ef-
fect on guyed towers. (See the ac-
companying drawing.) Option 1 is
more conservative regarding self sup-
porting WECS towers because it re-
quires that even the above ground
portions of a wind machine cannot
extend over minimum front, side, or
rear yard setbacks. The second option
allows wind machine rotors, tail
vanes, or other above ground parts of
a WECS to extend over minimum set-
backs to property lines. The base of a
self supporting WECS tower or guy




Setback
Requirements

for WECS on
Guyed Tower

property
line

10 feet minimum setback of 10 feet

wire anchors, however, would not be
allowed in the minimum setback area.
Options 1 and 2 for self supporting
towers are also illustrated. Option 2 is
recommended because. it preserves
the minimum setback from on-the-
ground obstructions to access for fire,
utilities, or maintenance and because

/I
AN
7 T
setback fine _! 10" 1 setback line J 10’
property property
line line

minimum setback of 10 feet

Setback Requirements for WECS on Self
Supporting Towers

Option 1 doesn’t allow any portion of the wind
machine, even the above ground portions, to be
on or extend over the minimum setback area.
Option 2 doesn’t allow any portion of the wind
machine that is on the ground to extend into
the minimum setback area. Option 2 does
allow above ground portions of the wind ma-
chine to extend over the minimum setback area
but not over the property line.

above ground portions of a WECS
would not block access in the setback
area.

One possible modification of set-
back requirements would be to allow
guy wire anchors on the property line.
A property line location could be more
convenient and enable greater use of
guyed towers. Depending on the dis-
tance between a guy wire anchor and
the tower, however, the guy wires
could go over the minimum setback
area at a low angle that could obstruct
access. Two guyed tower applica-
tions with typical minimum and max-
imum recommended distances be-
tween the anchor and a 110 foot
tower are illustrated. Review of this
illustration should be helpful in decid-
ing if guy wire anchors will be allowed
on property lines.

If a WECS installation is in a loca-
tion that may be. vulierable to being
hit in a car accident, it may be appro-
priate to require some type of shield-
ing. For example, posts could be in-
stalled between the WECS and road.
Another option would be to require a
minimum clearance of 10 feet be-
tween a road and any on ground por-
tion of a WECS. Including some lan-
guage on this topic may be especially
appropriate if guy wire anchors are al-

Minimum and Maximum Angles of
Guy Wires on Guyed Towers

Mavi dad

guy wire radius = 88 feet

Guywires are at:
35 feet, angle = 21.7°
70 feet, angle = 38.5°
105 feet, angle = 50°

110 foot tower

lowed along the property line where,
depending on the exact location, a ve-
hicular accident may be more pos-
sible. The sample language below
should suffice:

Effort should be made when
siting a WECS and any related
equipment to avoid locations
that may be vulnerable to ve-
hicular accidents. It is rec-
ommended that WECS towers
and guy wire anchors be 10
feet away from any roadway.
If the lot configuration does
not allow an installation with
a 10 foot clearance, then the
portion of the WECS within
10 feet of a roadway shall be
shielded by posts or a fence.

Minimum Angles

A 105 feet

110 foot tower

e 35 feet

Minimum recommended
guywire radius = 44 feet

Guy wires are at:
35 feet, angle = 38.5°
70 feet, angle = 57.9°
105 feet, angle = 67.2°

88 feet
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Siting and aesthetics

Aesthetics is a very subjective and
dffficult topic to evaluate. Caution is
recommended before making any sit-
ing requirements based on aesthetic
concerns. The following language
proposed in North Mankato may be
useful: ""Wind energy conversion
systems shall be placed on the prop-
erty in a position which shall not un-
necessarily obstruct the view from
nefghboring properties.” Wind ma-
chine zoning language adopted in
Maple Grove also has an aesthetic
component. Maple Grove only allows
WECS in the rear yards of lots in resi-
dential districts. In areas zoned agri-
cultural-residential and large lot resi-
dential (5 acres or more), Maple Grove
requires that WECS be sited at least
80 feet from the front property line.
Other options are to adopt aesthetic
standards regarding WECS color and
tower design. It is recommended that
any proposed aesthetic standards be
reviewed by the city or county attor-
ney.

Three factors need to be consid-
ered when evaluating the aesthetic
effects of wind machines. First is that
aesthetic concerns are very subjec-
tive. Some people may feel that a
wind machine against the sky is very
pleasing to the eye while others find a
WECS objectionable. Some people
may like a pole tower while others like
how a lattice tower looks.

A second factor is that new objects
are more obvious at first, but then
people get used to a new look or de-
sign and it becomes part of their rou-
tine. For example, many people don't
notice power lines or radio towers
anymore, though they have visual ef-
fects similar to a wind machine. Tele-
vision antennas were considered ob-
jectionable when they first arrived on
the scene but are hardly noticed now.
A similar process of acclimatization or
getting used to something new will
probably occur for wind machines as
well.

A third factor to consider is the
likelihood that a wind machine will be
seen. Analysis of the surrounding
vegetation, topography, and struc-
tures is necessary to evaluate this
factor. The relatively thin profile of a
wind machine can be more easily
shielded by other objects than might
be first imagined. A visit to the site
may be helpful to analyze this factor.
Another analysis tool could be to build
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a model of the wind tower and its sur-
roundings. Another option is to draw
pictures of the area to get an idea of
the relative heights of a WECS and
surrounding trees and structures and
to draw sight lines from eye level to
illustrate what somebody on the
ground would really see when looking
towards a tower. Yet another analysis
tool would be to take photographs and
superimpose on the photos a scale
drawing of the WECS. This type of
analysis may take some time, but
seems appropriate especially if a zon-
ing decision is boiling down to con-
cerns about aesthetics.

Clearance from electrical lines

Wind machines should be ade-
quately separated from electrical
lines. Clearance requirements are
outlined in the Natienal* Electrical
Safety Code. The following language
is recommended:

Clearance between WECS
and electrical lines shall be
in compliance with the re-
quirements outlined in the
most recent edition of the
National Electrical Safety
Code.

Nuisance concerns
Noise

Properly installed and maintained
wind machines of the size discussed
in this guide generally create sound
levels compatible with other land
uses including residential develop-
ment. Noise monitoring at the base of
four small wind machines at Rocky
Flats test facility in Colorado indicated
a sound range of 41 to 68 dBA. The
noise levels diminished as the moni-
toring equipment was moved away
from the wind machine. For example
the sound recorded at the base of one
WECS tower was 52 to 61 dBA but
the noise level was only 49 to 52 dBA
72 feet away from the tower. Another
example is a wind machine that was
monitored by the Minnesota Pollution
Control Agency that had a sound level
of 50 dBA 40 yards away from the
wind machine.

Noise level readings also depend
on the height of the WECS tower. An
advantage of allowing high wind ma-
chine towers is that noise levels will
be reduced.

Another factor to consider when
evaluating the sound levels of small
wind machines is that wind machines
will be operating when the wind is
blowing and the sound of the wind
will mask or partially mask the sound
of the WECS. The accompanying
chart summarizing the dB noise scale
indicates the range of sound gen-
erated by small wind machines and
the noise of wind in trees. The exact
extent to which sounds generated by
wind in trees and around buildings will
mask the sounds of a wind machine
will depend on many factors including
location, height, and type of vegeta-
tion and buildings as well as on the
wind speed. The point is that wind
machines don't make any noise when
the wind isn't blowing and when the
wind is blowing other noises will be
created.

A related factor to consider is how
sounds from a wind machine will be
masked by other noises. For example,
sound from a WECS shouldn’t be an
issue near a heavily used road be-
cause the noise of traffic will mask
the sounds from a wind machine.

The accompanying dB noise scale
also provides a comparison of sound
from wind machines with other
sounds. Sounds from a wind machine
are not a threat to hearing. Sounds
from wind machines also don’t seem
comparable with disruptive sounds
like a jackhammer or noisy automo-
bile or other noises that are a nui-
sance.

The Minnesota Pollution Control
Agency noise pollution control stan-
dards, NPC 1 and NPC 2, are applica-
ble to sounds from wind machines.
These standards could be mentioned
in the zoning ordinance to clarify that
the state standards will be used to
evaluate any possible noise prob-
lems. The following language should
be sufficient:

Noise pollution standards,
NPC 1 and NPC 2, established
by the Minnesota Pollution
Control Agency shall be used
to evaluate and regulate
noise from WECS. Owners of
WECS that are found to be in
violation of NPC 1 and NPC 2
shall cooperate in taking rea-
sonable mitigating mea-
sures.

The noise regulations establish
three different noise areas. Land uses
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in noise area classification-1 (NAC-1)
includes residences and other activi-
ties that are not very noisy and are
sensitive to noise. Noise area classifi-
cation-2 includes land uses that are
less sensitive to noise such as retail
stores. Noise area classification-3 in-
cludes noisier land uses that are even
less sensitive to noise such as indus-
tries. Noise standards for day time
and night time hours are established
for the three noise classification
areas. {See accompanying chart.) The
figures in the chart are expressed in
dBA which is a unit of sound level.
The term Lsgg is the sound level which
is exceeded 50 percent of the time for
one hour, and L4 is the sound level
which is exceeded 10 percent of the
time for one hour.

Minnesota Pollution Control Agency
Noise Control Standards

Noise Area  Day (0700-2200} Night (2200-0700)
Classifications  Lgo Lo Lsg Lig
1 60 65 50 55
2 65 70 65 70
3 75 80 75 80

The following example should help
explain what all this means. A home
would generally be in an area classi-
fied as NAC-1, and the day and night

standards for NAC-1 would apply. If
the noise measured at the home ex-
ceeds 60dBA for 50 percent or more
of one daytime hour, the noise levels
are too high. Whatever is causing the
excessive noise is in violation. It is
important to note that the measure-
ment is taken at the location of a
complaint, not at the suspected
source of noise. A wind machine in or
near a residential neighborhood, then,
would be in violation of the regula-
tions if the noise it produced ex-
ceeded the noise standard at a home
where the measurement is taken.

l.ocal governments can enforce
criminal penalties for violation of the
Minnesota Pollution Control Agency
noise standards. This authority is
found in Minnesota Statute 115.071,
subdivision 2(C) (1982). This means
that the local government unit could
ticket or fine wind machines that are
in violation of the noise standards. A
ticket or fine would be issued after a
complaint has been received and
measurements indicate that there is a
violation. If your community has an
existing noise ordinance and has
adopted enforcement authority, then
any noise from a WECS could be han-
dled under existing local regulations.

It has been suggested that any
sounds that may be emitted from
wind machines would be of low fre-
guencies that would be disturbing but
not in violation of the state noise
standards. Low frequency sounds
may be felt as vibrations as much as
being heard as noise. The reason that
disturbing low frequency noises may
not be in violation of the ncise stan-
dards is that the dBA scale that the
standards are measured in is geared
towards higher frequency sounds.
The noise monitoring on WECS done
by the Pollution Control Agency indi-
cates that the sounds from the small
wind machines are not of particularly
low frequency and that the sounds
monitored in any frequency range
were not disturbing or a violation of
the state standard.

Radio frequency or electrical interfer-
ence

Radio frequency interference is the
type of interference of communica-
tions signals that can result from
operation of an electric generator.
Radio frequency interference is often
called electrical interference because
the source of the problem is an elec-

tric generator. This type of interfer-
ence may create stfatic on radios and
horizontal lines across a television
screen. The interference is similar to
the interference created by operating
a mixer or blender close to a television
or radio.

Small wind machines typically
cause little or no problems with radio
frequency interference resulting from
operation of the WECS electric gen-
erator. Electrical interference is not
likely even in large WECS. Electrical
generators in wind systems are no
more likely to cause interference than
any other generator. Electrical gener-
ators used in wind systems or in any
other type of application are designed
to reduce the possibility and magni-
tude of electrical interference. A gen-
erator that causes radio frequency in-
terference to communications
reception is regulated by the Federal
Communications Commission (FCC).

Electrical interference can usually
be reduced or eliminated by filters at
either the generator or at the radio,
TV, or other device receiving the sig-
nal.

The FCC regulations preempt local
regulations, and enforcement author-
ity lies with the FCC. The appropriate
local government role would be to ad-
vise anyone complaining about the in-
terference caused by the generator of
a wind system to contact the FCC.
The following language should suf-
fice:

Efforts should be taken by
the proposed WECS owner to
purchase, build, or recondi-
tion an electrical generator
that will not create electrical
or radio frequency interfer-
ence to reception of commu-
nication signals. Complaints
about electrical or radio fre-
quency interference shall be
directed to the Federal Com-
munications Commission.

Signal interference

A second type of interference that
may result from wind machine instal-
lation and operation is disruption of
TV, radio, microwave, navigational,
and other communication signals.
This type of interference is not caused
by an electrical generator but rather
by disruption of the propagation of the
signal wave. Some signals travel in a
direct line from the transmitter to the
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receiving antenna. A wind machine
and its tower may scatter or reflect
these signals. A disrupted TV signal,
fot example, may result in ghost
images on the television screen.

On the local level concern about
communication signal interference
will likely focus on television signal
interference. Problems with televi-
sion interference have not been re-
ported with small wind machines. A
1978 report to the Wind Systems
Brahch of the Department of Energy
stated that “‘Smaller WECS are not
reported to have a television interfer-
ence problem.” Large wind machines
are somewhat more likely to cause
television interference. For example,
a cable TV system was installed on
Block Island off the coast of Rhode
Island because of the possibility that
interference of conventional TV sig-
nals would result from the installation
of a large 200 kW machine with 125
foot blades.

Federal Communications Commis-
sion (FCC) regulations don't apply to
disruption of the prapogation of com-
munication signals. Local regulations,
then, can't defer to federal authority.

Because of the small likelihood of
television or other communication
signal interference resulting from the
installation of small wind machines,
zoning language on this ‘topic should
primarily be informational in nature. It
would be appropriate to ask that
WECS be sited to avoid significant
blocking or reflection of television and
other signals. Requiring that the
WECS owner take reasonable mea-
sures to eliminate signal interference,
should interference occur, is also ap-
propriate. The owner of the television
or other device that is receiving signal
interference should also take reason-
able steps to correct the problem, for
example, by adjusting antennas.

Each community will need to make
its own decision about what to do if
television or other signals are
disrupted by the installation of a wind
machine. One option would be to re-
quire that all reasonable efforts to
eliminate the interference short of
shutting down the wind machine be
taken by the WECS owner. Another
option would be to allow for the pos-
sibility of removing a wind machine if
interference occurs that cannot be
eliminated by corrective measures.
Which option is chosen will depend
on an assessment of the importance
of television reception compared to
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the importance of using wind energy.
Mode! language giving the two op-
tions are summarized below:

Option 1

Efforts should be made to site
WECS to reduce the likeli-
hood of blocking or reflect-
ing television and other
communication signals. If
signal interference occurs,
both the WECS owner and the
individual receiving inter-
ference shall make reason-
able efforts to resolve the
problem short of shutting
down the wind system.

Option 2

Efforts should be made to site
WECS to reduce the likeli-
hood of blocking or reflect-
ing television and other
communication signals. If
signal interference occurs,
both the WECS owner and the
individual receiving inter-
ference shall make reason-
able efforts to resolve the
problem. If the problem can-
not be eliminated or reduced
to a reasonable level, then
the WECS can be shut down.

A final note in regard to signal in-
terference concerns the possibility of
disruption of airport navigational de-
vices. Review of structures near air-
ports that must comply with Federal
Aviation Administration (FAA) notifi-
cation procedures (see discussion on
height and aviation concerns) in-
cludes an evaluation of possible ob-
structions to navigational signals.
Compliance with the FAA notification
procedures, then, should ensure that
a wind machine won't impair naviga-
tion communication signals.

Other regulations
Insurance

Requiring that a WECS owner ob-
tain liability insurance either under an
existing homeowners policy or as a
separate policy has been proposed in
some communities. The reasoning
behind such a requirement is that any
damage caused by a possible acci-
dent involving @ WECS would be cov-
ered by insurance. Presumably most
individuals who install a WECS would
check on the coverage of a machine
under their homeowners policy and

either be covered by an existing policy
or obtain any necessary additional in-
surance. Requiring that liability insur-
ance be obtained in some form makes
sure that all WECS owners are in-
sured. '

Other regulations proposed in this
discussion establish siting and design
criteria that should reduce the possi-
bility of accidents and the need for lia-
bility insurance. Some communities
may decide that adopting such "pre-
ventive'’ safety regulations is their
proper role and that they don't want to
become involved in requiring liability
insurance.

If a community is uncertain about
requiring liability insurance, this gui-
debook suggests that the following
three factors be evaluated before
making a decision. These factors
should also be considered in develop-
ing appropriate language by commu-
nities who have decided to require li-
ability insurance.

First, check on the final Public Utili-
ties Commission (PUC) rules on inter-
connection between utilities and
small electricity producers. The PUC
rules on interconnection were being
finalized as this guidebook was being
printed and it appeared that the rules
would allow utilities to require small
power producers to obtain liability in-
surance as a condition of intercon-
nection. The maximum amount of in-
surance coverage that could be
required was $300,000. As staff and
budget reductions allow, everyone
who receives a copy of this guidebook
will receive an update on the final
PUC rules. The Public Utilities Com-
mission could also be contacted at:
Public Utilities Commission, Room
780 American Center Building, 160
East Kellogg Boulevard, St. Paul, MN
55101 ® (612)296-7124.

If the final PUC rules on intercon-
nection do allow utilities to require up
to $300,000 liability insurance then
there would seem to be no need for a
local unit of government to get in-
volved in requiring liability insurance.
One possible exception would be if a
wind machine in the community is not
connected to the utility and doesn’t
need to comply with utility require-
ments. The following two factors
would be most applicable to that pos-
sible exception or in the event that the
final PUC rules don't allow a liability
insurance requirement.

Second, check on the availability
and cost of liability insurance that is




obtained as a separate policy or under
homeowners insurance with local in-
surance agents. Is such insurance
available through local agents? Also
check with a wind machine dealer or
an individual interested in purchasing
a WECS to be sure that the cost of
liability insurance isn't an unreason-
able burden.

Third, carefully consider requiring
any particular amount of liability cov-
erage. What if a certain dollar amount
is named in an ordinance and then
damage from an accident exceeds
that figure? It seems possible that the
city or county could get involved in
legal disputes involving what consti-
tutes adequate liability insurance cov-
erage for a WECS. The $300,000
maximum liability coverage that a util-
ity may require under proposed PUC
rules would be a good guideline to
use. Requiring a certain amount of
coverage as a minimum amount that
could be exceeded at the discretion of
the WECS owner may be another way
to deal with this concern. Another op-
tion would be to require liability insur-
ance without specifying an amount of
coverage and let each individual
WECS owner and their insurance
agent decide what constitutes ade-
guate liability coverage.

A final suggestion is to have the
city or county attorney review any
fanguage on insurance requirements.

Joint use of electricity

It is possible that one WECS may
be jointly owned by two or more peo-
ple and the electricity produced would
be shared. If the proposed WECS
complies with the requirements for
the district it is in, there should be no
problem with joint use of electricity.
The following language should suf-
fice:

A WECS that supplies energy
to two or more structures
shall be allowed as long as
the proposed WECS complies
with all applicable zoning
regulations.

Ornamental wind machines

It may be useful to include lan-
guage in the zoning ordinance on
small ornamental wind machines. The
following excerpt from a proposed
zoning amendment in North Mankato
may be helpful:

WECS that are by nature or-
namental, rather than func-
tional, shall be exempt from
this ordinance if total height
is less than 25 feet.

Wind access

Wind access was discussed in
Chapter 2. The conclusion of that dis-
cussion was that wind access is im-
portant for the safe and efficient
operation of WECS but that protecting
wind access should remain a private
activity. Legislation passed in 1982
and codified in Minnesota Statute
500.30 (1982) clarifies what should be
included in a wind easement. [t would
be appropriate to mention wind
access and encourage the use of pri-
vate agreements to protect access in
the zoning ordinance. The following
language should be useful:

Adequate wind access is es-
sential to the safe and effi-
cient operation of wind ma-
chines, and (insert name_of

community) encourages the
use of private easements and

restrictive covenants to pro-
tect wind access.

Abatement and removal

Many communities include provi-
sions in zoning regulations concern-
ing the abatement of unsafe condi-
tions and removal of a use or structure
that is no longer in compliance with
the zoning. Provisions of this type
have been adopted for wind machines
as well. Abatement and removal pro-
visions should provide adequate no-
tice and due process to the WECS
owner. Review of such provisions by
an attorney is suggested. The follow-
ing is an example of an abatement and
removal regulation:

If a WECS is not maintained
in operational condition and
poses a potential safety haz-
ard or is not maintained and
operating in compliance
with applicable zoning pro-
visions and state and federal
laws, the WECS shall be
brought into compliance and
to safe operating order
within 60 days after notice by
(insert_name of community). If
adequate action to correct
problems with the WECS is

not taken within 60 days, (in-
sert name of community) re-
serves the right to abate any
hazardous situation and to
pass the cost of abatement on
to the owner or operator of
the WECS. Within the 60 day
period after notice has been
given, the WECS owner or
operator has the right to ap-
peal to the governing body of
(insert name of conununity) for
additional time to correct the
situation. '

If the hazardous condition or
violation of regulations is not
taken care of by the WECS
owner or operator and if the
hazardous condition or vio-
lation of regulations cannot
be corrected by (insert name
of community) with a reason-
able amount of effort, then
(insert name of conumunity) re-
serves the right to revoke the
WECS permit (or conditional
use permit if the conditional use
designation has been chosen).
After the permit has been re-
voked, a public hearing will
be held on the need to re-
move the WECS. If the WECS
is removed, the cost of doing
so shall be passed onto the
owner. or operator of the
WECS. If the WECS has not
been operating for twelve
successive months after in-
stallation, the WECS shall be
considered abandoned. A
public hearing will be held
on the need to remove an
abandoned WECS. If removal
is deemed necessary, the
abandoned machine shall be
removed within 30 days of
written notice to the owner
or operator of the WECS. If
- the WECS is not removed
within 30 days, then (insert
name_of community) shall re-
move the machine and pass
the costs onto the owner or
operator of the WECS.

Partial invalidity

The following provision in the
Maple Grove zoning ordinance clari-
fies that even if part of the ordinance
is judged invalid, the rest of it applies.
If WECS regulations are added to an
existing zoning ordinance, such a pro-
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vision will probably not be necessary.
A. partial invalidity provision may be
needed if a separate WECS ordinance
is’adopted.

If any section, subsection,
sentence, clause, or phrase of
this Ordinance is for any rea-
son held to be invalid or un-
enforceable as to any person
or circumstance, the applica-
tion of such section, subsec-
tion, sentence clause, or
phrase to persons or circum-
stances, other than those as
to which it shall be held in-
valid or unenforceable, shall
not be affected thereby and
all provisions hereof, in all
other respects, shall remain
valid and enforceable.

Interpretation

The following provision from zon-
ing language adopted in Maple Grove
clarified what regulations will apply if
rules or regulations other than those
proposed in the zoning ordinance are
found to apply to wind machines.
Similar language may be useful in
your community.

It is not the intention of this
ordinance to interfere with,
abrogate, annul any cove-
nant or other agreement be-
tween any parties; provided,
however, where this Ordi-
nance imposes a greater re-
striction upon the use of
premises for wind systems
than are imposed or required
by other Ordinances, rules,
regulations, or permits or by
covenants or agreements, the
provisions of this Ordinance
shall govern.

Vertical axis machines

The zoning language discussed in
this chapter was developed with hori-
zontal axis machines in mind because
of the greater popularity of this type of
machine. The model zoning language
in this chapter, however, should be
suitable for most vertical axis ma-
chines. Some revisions may be nec-
essary with regard to vertical axis
wind machines, however, and this
should be a topic to consider in peri-
odic reviews of the zoning ordinance.
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JEVELOPMENT
HEGULATIONS

Wind machines in new
development

If a new development site were
suitable for wind machines, the ability
to integrate WECS siting into the de-
velopment process would enable the
most effective and safe use of wind
energy resources. If feasible, larger
wind machines could be installed to
supply electricity needs for groups of
homes. Wind machines could be inte-
grated with other energy conserva-
tion and renewable energy options,
like solar systems, superinsulation
and earth sheltered construction
technigues, and district heating, to
create an energy efficient develop-
ment.

Amendments

Energy efficient new development
and, more specifically, the use of
wind machines could be encouraged
by amending subdivision and planned
unit development (PUD) regulations.
Two types of amendments seem
appropriate.  Other amendments,
though, are certainly possible. The
purpose section of subdivision and
PUD regulations could be amended to
provide encouragement for wind ma-
chines and other renewable energy
technigues and for energy conserva-
tion measures. A possible amend-
ment could read:

...to proiote energy con-
servation and the use of ren-
ewable energy resources
through energy-efficient
land wuse patterns and en-
couragement of wind energy
conversion systems, solar
energy use, and superinsula-
tion, earth sheltered con-
struction techniques, and
other energy efficient tech-
niques.

A second type of amendment is to
provide incentives for the use of wind
energy. This type of amendment may
be most suited for inclusion into PUD
regulations because they typically
provide greater development flexibil-
ity. The following sample amendment
gives an indication of how wind ma-
chines and other energy saving mea-
sures could be encouraged.

A density bonus of up to 20
percent (actual percentage may
vary) may be granted in all
residential districts (specific
residential districts could be in-
dicated) that maximize the
use of energy efficient devel-
opment design, renewable
energy resources, and con-
servation measures. Ap-
proaches may include wind
eniergy conversion systems,
active and passive solar sys-
tems, earth sheltered con-
struction, superinsulation
techniques, clustered hous-
ing units, mixed use devel-
opments, and bikeways and
other transportation alterna-
tives.
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MODEL

WIND MACHINE
[ONING
[ANGUAGE

This' chapter summarizes the
model language presented in Chapter
3. In several instances different op-
tions are given and only one option
needs to be chosen. Use these sam-
ples as guidelines, changing provi-
sions as necessary for your commu-
nity. The pages in the text where each
item is discussed are listed at the end
of each sample for your reference.
Not all the topics presented here need
to be included in an ordinance. For
more information on the model lan-
guage refer to Chapter 3 and the dis-
cussions on each of the topics.
Checking with the city or county at-
torney on specific ordinance provi-
sions is recommended.

1.0 Statement of purpose
The city (or county or town-
ship) of (insert name) promotes
the effective and efficient use
of wind energy conversion
system (WECS) with appro-
priate regulations on the sit-
ing, design, and installation
of WECS so that the public
health, safety, and welfare of
neighboring property
owners or occupants will not
be jeopardized. p. 17

2.0 Definitions

2.1 Wind energy conversion sys-
tem (WECS) means any device
such as a wind charger, wind-
mill, or wind turbine, which
converts wind energy to a form
of usable energy. p. 17

2.2 Overspeed controls are
mechanisms to limit the
speed of blade rotation to
below the design limits of

the wind energy conversion
system (WECS). p. 17
2.3 Total height means the
distance between ground
level and the tallest vertical
extension of the WECS. p. 17
2.4 Lowest extension of WECS
blades means the lowest
point of the arc created by
the rotation of the WECS
rotor. p. 17
2.5 Production phase WECS
are professionally designed
wind machines that are built
in significant numbers on a
continuing basis after test-
ing. Wind machines made
from professionally de-
signed kits will be consid-
ered production phase WECS
pp. 17-19
2.6 Experimental and home-
built WECS are wind ma-
chines that are one of a kind,
first attempt machines built
by a wind power company or
individual. pp. 17-19
2.7 Prototype WECS are wind
machines built after the ex-
perimental design stage in
limited numbers for the pur-
pose of testing. pp. 17-19
3.0 Use designation (G op-
tions—choose 3)
3.1a Production phase WECS
shall be a permitted acces-
sory use in small lot residen-
tial districts, —_________ if
the proposed WECS complies
with all applicable regula-
tions in the zoning ordi-
nance. (Small lot residential
districts means those districts
with small lots up to about
15,000 to 20,000 square feet. Fill
in the appropriate district title or
titles in the blank, for example,
R-1 and R-2). pp.10-11, 17-19

or

3.1b Production phase WECS
shall be a conditional use in
small lot residential districts,
— , if the proposed
WECS complies with all ap-
plicable regulations in the
zoning ordinance (See note in
3.1a, above, on the meaning of
small lot residential districts. Fill
in the blank with the appropriate
district title or tiles.)pp.10-11,17-19

3.2a Production phase WECS
shall be a permitted acces-
sory use in large lot residen-
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tial districts and in commer-
cial districts, ., if
the proposed WECS complies
with all applicable regula-
tions in the zoning ordi-
nance. (Large lot residential
districts means those residential
districts that require -minimum
lot sizes greater than 15,000 or
20,000 square feet. Some com-
mercial zones like a central
business district or a small com-
mercial area in a residential
zone may be more appropriately
grouped with small lot residen-
tial districts. Fill in the blank with
the appropriate large lot resi-
dential and commercial district

4.1 Homebuilt, experimental,

and prototype WECS shall not
be allowed in small lot resi-
dential districts, — .
(See note in 3.1a on the meaning
of small lot residential districts.
Fill in the blank with the appro-
priate titles.) pp. 18-19

4.2a Homebuilt, experimen-

tal, and prototype WECS shall
be allowed as a conditional
use in large lot residential
and commercial districts,

, if the proposed

WECS complies with all regu-

lations imposed on WECS al-
lowed as permitted accessory
uses. (Fill in the blank with the

or

4.3b Homebuilt, experimen-

tal, and prototype WECS shall

" be allowed and treated like

production phase WECS in
industrial and agricultural
districts, — , if the
proposed WECS complies

~with all applicable regula-
~tions in the zoning ordi-

’ nance. In addition, liability
- insurance must be obtained
by the owner of a homebuilt,

experimental, or prototype

| WECS. The amount of liabil-

ity insurance deemed ade-
quate will be determined by

tes. .10-11,17-19 ate district titles. _ the WECS owner. (Fill in blank
t;tle;) PP , apprepriate district fitles.) pp.18-19 with appropriate district titles)
Lo or - pp. 18-19
or ‘

5.0 Permit application

4.2b Homebuilt, experimen-

"3.2b Production phase WECS 5.1a Permitted accessory use
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shall be a conditional use in
large lot residential districts
and in-commercial districts,

___, if the proposed
WECS complies with all ap-
plicable regulations in the
zoning ordinance (See note

- above in 3.2a on the meaning of

3.

3.

4.

large lot residential districts and
commercial districts. Fill in the
blank with the appropriate dis-
trict titles) .- pp. 10-11,17-19
3a -Production phase WECS
shall be a permitted ac-
cessory use in industrial
and agricultural districts,
. ., if the proposed
WEC complies with all appli-
cable regulations in the zon-
ing ordinance. (Fill in the
blank with the appropriate dis-
trict titles. Asis noted in the text,
wind machines on large plots of
land zoned industrial and agri-
cultural may be exempt from
regulations.) pp.10-11, 17-19

or

3b Production phase WECS
shall be a conditional use in
industrial and agricultural
districts, ., if the
proposed WECS complies
with all applicable regula-
tions in the zoning ordi-
nance. (See note in 3.3a. Fill in
blank with the appropriate titles.)

pp. 10-11, 17-19
0 Homebuilt, experimental,
and prototype WECS

tal, and prototype WECS shall
be allowed as a conditional
use in large lot residential
and commercial districts,
_____, if the proposed
WECS complies with all ap-
plicable regulations in the
zoning ordinance. In addi-
tion, liability insurance must
be obtained by the owner of
a prototype, homebuilt, or
experimental WECS. The
amount of liability insurance
deemed adequate will be de-
termined by the WECS
owner. (See note in 3.2a on the
meaning of large lot residential
and commercial districts. Fill in
the blank with the appropriate
titles.) pp. 18-19

or

42c Homebuilt, experimen-

tal, and prototype WECS shall
not be allowed in large lot
residential and commercial
districts, . (See note
in 3.2a on the meaning of large
lot residential and commercial
districts.) pp. 18-19

4.3a Homebuilt, experimen-

tal, and prototype WECS shall
be allowed and treated like
production phase WECS in
industrial and agricultural
districts, ., if the
proposed WECS complies
with all applicable regula-
tions in the zoning ordi-
nance. (Fill in the blank with the
appropriate titles)  pp. 18-19

No production phase WECS
shall be allowed in small lot
residential districts, large lot
residential and commercial
districts, or in industrial and
agricultural districts (assum-
ing that options 3.1a, 3.2a, and
3.3a above bave been chosen)
without applying for and ob-
taining a WECS permit. No
homebuilt, experimental, or
prototype WECS shall be al-
lowed in industrial and agri-
cultural districts (assuming
that options 3.3a and either 4.3a
or 4.3b were chosen) without
applying for and obtaining a
WECS permit.

A WECS permitalso applies to
the operation of a WECS. The
permit may be revoked if the
WECS operation does not
comply with all applicable
regulations in the zoning or-
dinance.

Application for a WECS per-
mit shall be accompanied by
a drawing or drawings that
show the following:

® location of the proposed
WECS including guy wires
and any other auxilliary
equipment,

E property lines and physi-
cal dimensions of the lot,

B clearance distances be-
tween the farthest extension
of the WECS blades to prop-
erty lines,




B location, dimensions, and
types of existing structures
and uses on the lot,

@ location of all above
ground utility lines within a
distance equivalent to the
total height of the WECS, and
B location and size of struc-
tures, trees, and other objects
within 300 feet which are
taller than the lowest extent
of the blades of the proposed
WECS. pp. 19-20

5.1b Conditional use No

production phase WECS shall
be allowed in small lot resi-
dential districts, large lot res-
idential and commercial dis-
tricts, or in industrial and
agricultural districts (assum-
ing that options 3.1b, 3.2b, and
3.3b above have been chosen)
without applying for and ob-
taining a conditional use
permit. No homebuilt, ex-
perimental, or prototype
WECS shall be allowed in in-
dustrial and agricultural dis-
tricts (assuming that option
3.3b and either 4.3a or 4.3b were
chosen) without applying for
and obtaining a conditional
use permit.

A conditional use permit for
a WECS also applies to the
operation of a WECS. The
permit may be revoked if the
WECS operation does not
comply with all applicable
regulations in the zoning or-
dinance.

Application for a conditional
use permit for a WECS shall
be accompanied by a draw-
ing or drawings that show the
following:

& Jocation of the proposed
WECS including guy wires
and any other auxilliary
equipment,

@ property lines and physi-
cal dimensions of the lot,

B clearance distances be-
tween the farthest extension
of the WECS blades to prop-
erty lines,

B location, dimensions, and
types of existing structures
and uses on the lot,

8 location of all above
ground utility lines within a
distance equivalent to the
total height of the WECS, and

8 location and size of struc-
tures, trees, and other objects
within 300 feet which are
taller than the lowest extent
of the blades of the proposed
WECS. pp. 19-20
6.0 Size regulations
6.1.1 All WECS in small lot
residential districts shall not
bave rotors that are longer
than 28 feet in diameter. p. 20
6.1.2 All WECS in large lot
residential districts and com-
mercial districts shall not
have rotors that are longer
than 35 feet in diameter. p. 20
6.1.3 All WECS in industrial
and agricultural districts
shall not have rotors that are
longer than 50 feet in diame-
ter. p. 20
6.2a The minimum height of
the lowést extent of any
WECS rotor shall be 30 feet
above the highest structure
allowed under the district
zoning requirements or 30
feet above the expected tree
height at maturity, which-
ever is higher, that is within
300 feet. pp. 20-21

or

6.2b The minimum height of
the lowest extent of any
WECS rotor shall be 30 feet
above the ground.  pp. 20-21

6.3 See the discussion in Chapter
3 on bow to calculate maximum
beight limits appropriate for
small and large lot residential
districts and comnercial dis-
tricts. Maximum beight limits
don’t seem appropriate in in-
dustrial and agricultural dis-
tricts, but if considered necessary
in your community, they can be
devéloped using the same
method referrved to above. pp. 21-22

6.4 All proposed WECS shall
comply with Federal Aviation
Administration notification
requirements and any other
applicable regulations. All
proposed WECS shall be in
compliance with any appli-
cable airport zoning.  p. 22

6.5 The base of a WECS tower
shall be included in calcula-
tions of lot coverage. In the
case of a guyed tower, the
area covered by the guy wire
anchor points shall also be

included in lot coverage cal-
culations. pp. 22-23

7.0 Installation and Design
7.1a All WECS tower struc-

tures shall be designed and
constructed to be in compli-
ance with pertinent provi-
sions of the Minnesota State
Building Code. Indication of
compliance may be obtained
from the manufacturer’s en-
gineering staff or by a Min-
nesota professional engineer
or by an individual with
technical training on WECS.

pp. 23-24
or, if the Building Code is not in
effect in your area:

7.1b The safety of the design

and construction of all WECS
towers shall be certified by
the manufacturer’s engi-
neering staff, by a Minnesota
professional engineer, or by
an individual with technical
training on WECS. The stan-
dard for certification shall be
good engineering practices.
pp. 23-24

7.2 Safety wires shall be in-

7.

stalled on the turnbuckles on
guy wires of guyed WECS
towers. p. 24
3 All WECS shall be
equipped with manual and
automatic overspeed con-
trols. The conformance of
rotor and overspeed control
design and fabrication with
good engineering practices
shall be certified by the man-
ufacturer’s engineering staff
or by a Minnesota profes-
sional engineer or by an in-
dividual with technical train-
ing on WECS. p. 24

7.4 The compatibility of the

tower structure with the
rotors and other components
of the WECS shall be certified
by the manufacturer’s engi-
neering staff or by a Minne-
sota professional engineer or
by an individual with techni-
cal training on WECS. p. 24

7.5 All electrical components

of the WECS shall be in com-
pliance with the applicable
requirements of the National
Electrical Code as currently
adopted by the Minnesota
State Building Code Division
and shall be inspected by a
qualified electrical inspec-
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tor. The interconnection be-
tween the WECS and the
electric utility shall be in
compliance with the most
recent edition of the National
Electrical Safety Code. Certi-
fication will be supplied in
writing that the WECS will
automatically disconnect
from the utility when there is
no power input from the
utility. This certification can
be supplied by the manufac-
tarer of the WECS. pp. 24-25

7.6 The interconnection of

the WECS with the local elec-
trical utility shall comply
with all applicable Federal
and Minnesota regulations.
Applicants for a WECS permit
(or a conditional use permit if
the conditional use designation
is choseny) should notify their
electrical wutility in advance
of their installation plans. o5
p.

7.7 Battery storage units asso-

ciated with WECS shall be in
compliance with the Na-
tional Electric Code as cur-
rently adopted by the Minne-
sota State Building Code
Division and shall be in-
spected by a qualified elec-
trical inspector. p. 25

7.8 The safety of structural

components of recondi-
tioned WECS and the com-
patibility of the rotors with
the towers of reconditioned
WECS shall be certified by a
Minnesota engineer or indi-
vidual with technical train-
ing on WECS. The safety of
electrical components of re-
conditioned WECS shall be
certified by a Minnesota reg-
istered electrical engineer or
individual with technical
training on WECS. The safety
of all modifications to any
WECS shall be certified by a

esota registered profes-
sional engineer or individual
with technical training on
WECS. Certification of safety
is required before the WECS
permit (or conditional use per-
mit if the conditional use desig-
nation is chosern) is granted for
modifications made prior to
installation. Certification of
the safety of modifications

made after’ the WECS is in-
stalled and the permit is
granted is also required.
Failure to have the safety of
modifications certified after
the permit has been granted
shall result in revocation of
the permit until certification
has been obtained. p. 25

7.9 At least one sign shall be

posted at the base of the

WECS tower and shall con-

tain the following informa-

tion: -

B notice of no trespassing
and

B warning of high voltage.

have tower climbing appara-
tus located not closer than 12
feet to the ground or be un-
climbable by design for the
first 12 feet. p. 26

7.11a WECS sited on top of

buildings shall comply with
applicable provisions of the
Minnesota State Building
Code. Certification of com-
pliance by a Minnesota pro-
fessional engineer is re-
quired. p. 26

or, if the Building Code is not in
effect in your area then use the
Sfollowing language:

7.11b WECS sited on top of

buildings shall be designed
and constructed in confor-
mance with good engineer-
ing practices. Certification by
a Minnesota professional en-
gineer of compliance with
good engineering practices
is required. p. 26

8.0 Siting
8.1 No part of a WECS shall be

located within or over drain-
age, utility, or other estab-
lished easements. No part of
a WECS shall be located on or
over property lines. The base
of a WECS or the guy wire an-
chors of a guyed WECS tower
shall not be on any required
minimum front, side, or rear

yards. pp. 26-27

8.2 Effort should be made

when siting a WECS and any
related equipment to avoid
locations that may be vulner-
able to vehicular accidents. It
is recommended that WECS
towers and guy wire anchors

p. 256
7.10 'WECS towers shall either

be 10 feet away from any
roadway. If the lot configura-
tion does not allow an instal-
lation with a 10 foot clear-
ance, then the portion of the
WECS within 10 feet of a
roadway shall be shielded by
posts or a fence. p. 27
8.3 Aesthetic regulations may be
developed if considered neces-
sary. See discussion in Chapter 3.
p. 28
8.4 Clearance between WECS
and electrical lines shall be
in compliance with the re-
quirements outlined in the
most recent edition of the
National Electrical Safety
Code. p. 28
9.0 Nuisance concerns
9.1 Noise pollution standards,
NPC 1 and NPC 2, established
by the Minnesota Pollution
Control Agency shall be used
to evaluate and regulate
noise from WECS. Owners of
WECS that are found to be in
violation of NPC 1 and NPC 2
shall coopetate in taking rea-
sonable mitigating mea-
sures. pp. 28-29
9.2 Efforts should be taken by
the proposed WECS owner to
purchase, build, or recondi-
tion an electrical generator
that will not create electrical
or radio frequency interfer-
ence to reception of commu-
nication signals. Complaints
about electrical or radio fre-
quency interference shall be
directed to the Federal Com-
munications Commission.
p. 29
9.3a Efforts should be made
to site WECS to reduce the
likelihood of blocking or re-
flecting television and other
communication signals. If
signal interference occurs,
both the WECS owner and the
individual receiving inter-
ference shall make reason-
able efforts to resolve the
problem short of shutting

down the wind system.
pp. 29-30
or
9.3b Efforts should be made
to site WECS to reduce the
likelihood of blocking or re-
flecting television or other
communication signals. If
signal interference occurs,




both the WECS owner and the
individual receiving inter-
ference shall make reason-
able efforts to resolve the
problem. If the problem can-
not be eliminated or reduced
to areasonable level then the

WECS can be shut down. pp.29-30

10.0 Other regulations

10.1  See discussion in Chapter 3
on liability insurance require-
ments. pp. 30-31

10.2 A WECS that supplies en-
ergy to two or more struc-
tures shall be allowed as long
as the proposed WECS com-
plies with all applicable zon-
ing regulations. p. 31

10.3 WECS that are by nature
ornamental, rather than
fanctional, shall be exempt
from this ordinance if total
height is less than 25 feet. 31

. p.

104 Adequate wind access is
essential to the safe and effi-
cient operation of wind ma-
chines, and (insert name of
community) encourages the
use of private easements and
restrictive covenants to pro-
tect wind access. p. 31

10.5 If a WECS is not main-
tained in operational condi-
tion and poses a potential
safety hazard or is not main-
tained and operating in com-
pliance with applicable zon-
ing provisions and state and
federal laws, the WECS shall
be brought into compliance
and to safe operating order
within 60 days after notice by
(insert name of community). If
adequate action to correct
problems with the WECS is
not taken within 60 days, (fill
in name of community) re-
serves the right to abate any
hazardous situation and to
pass the cost of abatement on
to the owner or operator of
the WECS. Within the 60 day
period after notice has been
given, the WECS owner or
operator has the right to ap-
peal to the governing body of
(insert name of community) for
additional time to correct the
situation. If the hazardous
condition or violation of reg-
ulations is not taken care of
by the WECS owner or opera-

tor and if the hazardous con-
dition or violation of regula-
tions cannot be corrected by
(insert name of community),
then (insert name of commu-
nity) reserves the right to re-
voke the WECS permit (or
conditional use permit if the
conditional use designation is
chosen). After the permit has
been revoked, a public hear-
ing will be held on the need
to remove the WECS. If the
WECS is removed, the cost of
doing so shall be passed on to
the owner or operator of the
WECS. If the WECS has not
been operating for twelve
successive months after in-
stallation the WECS shall be
‘considered abandoned. A
public hearing will be held
on the need to remove an
abandoned WECS. If removal
is deemed necessary the
abandoned machine shall be
removed within 30 days of
written notice to the owner
or operator of the WECS. If
the WECS is not removed
within 30 days, then
(insert name of community)
shall remove the machine
and pass the costs on to the
owner or operator of the
WECS. p. 31
10.6 If any section, subsec-
tion, sentence, clause, or
phrase of this Ordinance is
for any reason held to be in-
valid or unenforceable as to
any person or circumstance,
the application of such sec-
tion, subsection, clause, or
phrase to persons or circum-
stances other than those as to
which it shall be held invalid
or unenforceable, shall not
be affected thereby, and all
provisions hereof, in all
other respects, shall remain

valid and enforceable. pp. 31-32

10.7 It is not the intention of
this ordinance to interfere
with, abrogate, annul any
covenant or other agreement
between any parties; pro-
vided, however, where this
Ordinance imposes a greater
restriction upon the use of
premises for wind systems
than are imposed or required
by other Ordinances, rules,
regulations or permits, or by

convenants or agreements,
the provisions of this Ordi-
nance shall govern, p. 32
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