Micro Wind Turbine
Technology

Industry Briefing Note

... Government legislation requires that by 2010, 10% of electricity
supply must come from renewable sources. Wind power is currently
the most cost effective renewable energy technology in a position
to help do that ...

Chris Johnson - Energy Connect UK — Member of UK-SDA
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Basic Principles

Wind energy is still a largely untapped renewable
energy resource. For example, the UK receives 40%
of Europe’s total wind energy (1), and yet only 0.5% of
our electricity requirements are generated by wind
turbines.

The most basic principle of capturing Wind power is
the conversion of the wind’s kinetic energy into
mechanical energy. This mechanical energy can then
be utilised in two possible ways; it can be used to
create electricity in applications that are called Wind
Turbines, or it is used directly to pump or grind,
which falls under the generic bracket of ‘Windmills’.

This brieifing notes document will concentrate on
‘Micro Wind Turbines’, in particular turbines which
have a full load output of under 4 kilo watts. These
are turbines which will practical for domestic
propertys and small industrial installations.

How does a Micro Wind Turbine operate?

A wind turbines aerodynamic blades are turned by
the wind’s lift forces. This in turn rotates, what is
effectively a copper coil through a magnetic field,
generating an electrical current.

In a micro wind turbine scenario, DC current is then
transported away from the generator, with it’s
desination either being a bank of storage
batteries or an inverter , so that the power can be
imported into a mains electricity circuit (such as a
House’s power grid). These two usage options are
explorered later in this document.
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A traditional horizontal micro wind turbine typically
consists of a a tail, a body housing the generator, and
a number of aerodynamic blades.
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Blades

Most modern micro wind turbines have an odd
number of blades, and to have three blades is by far
the most common. There are several factors that
influence this, these include aerodynamic efficiency,
component costs, system reliability, and aesthetics.

Commonly, a two blade system is the most efficient
when looking at a potential power captured versus
component cost balance, however society seems to
prefer a three-bladed design from an aesthetics
standpoint. This is convenient from a reliability point
of view as well, as the increase in the amount of
blades means a decrease in the rotational speed
required, and therefore the strain put on the
individual components.

Tail

The tail works as a rudder to the turbine, which
simply makes sure the blades are facing directly onto
the oncoming wind. The shapes, sizes and designs of
the tail vary greatly, but the job done is near

identical.

Turbine Body

With potential customers looking to
fix turbines to their residential




properties, the aesthectics of a wind turbine have
become a idustry focus point.

Therefore the previously exposed mechanics of the
turbine are often now disguised within a exterior
case, often moulded to be in keeping with the
aerodynamic theme.

Micro Wind Turbines Qutput

Micro wind turbines are typically rated by their
power output at a wind speed of 12.5 m/s. This has
fast become the industry standard.

However there can still be massive differences in
performance between two turbines rated at 1kw. For
example, some models of turbine will have to ‘cut
out’” when the wind speeds are slightly above the
12.5 m/s mark. The reason being that they will have
been produced to only be able to reliabley cope with
the rotational speed, and power output that a wind
of 12.5 m/s produces. A cut out on such a unit will
typically mean the unit brakes itself to a standstill for
a period of time, before allowing itself to start
rotating once more.

This puts a turbine that cut itself out at slightly
avbove it's rated power at a disadvantage to a
turbine, which whilst also rated at 1 kw at 12.5 m/s,
can also continue to produce 2kw at 20 m/s, 2.5 at 23
m/s etc. Turbines with a capacity to do this are often
more expensive and therefore wisely utilised in areas
of higher average wind speed.

An alternative solution is to incorperate
electromagnetic braking into the turbine, so that
once it exceeeds it’s capacity, it uses any excess to
slow itself down slightly. Thus ensuring that at no

point does it need to stop generating entirely.

Power Generation Calculation

Estimating power generation is an extremely
complicated business, but it is governed by several

laws of physics. The most important law is ‘Betz Law’,

which states that you will never be able to extract
more than 16/27ths (59%) of the winds kinetic
energy for conversion.

The reasoning behind this is based on the fact that a
turbine is effectively slowing the air flow (by
converting it’s kinetic energy), but if it was too
convert all the kinetic energy, the air leaving the
turbine would have no kinetic energy (i.e.. It wouldn’t
continue to move), this in turn would completely
stop any fresh air travelling through the blades as it
would have nowhere to go. Alternatively if you were
to extract no kinetic energy from the air, then the
flow through the turbine would be brilliant.. However
it would be generating no electricity. It's a tricky
balance, and the optimum extraction of energy was
found at 59%.

No turbine is going to quite reach this value, due to a
completely efficient generator not existing. The
difference in quality of the current micro wind
turbines on the market is often therefore illustrated
by how efficient their generator is. A good micro
wind turbine will be therefore be converting roughly

45% of the power in the wind at any time.

This percentage can be put into the formula below
(as C) to calculate roughly what the turbine should be
generating at any given wind speed. This data is often
translated by a manufacturer into a graph for ease of
use (often called a Power curve). An example can be
on the following page.

Potential Power in the wind:

P=05xrhoxAxV?

P = power in watts
rho = air density (about 1.225kg/m3 at sea level)
A = rotor swept area, exposed to the wind (m2)

Power Generated by Turbine:

Power in watts generated =P *C
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C = Constant based on Betz law and Turbine efficiency



Considering a Turbine 7 Questions to Ask

Is a turbine going to generate power in my area?

This is important; there is no eco friendly angle to
putting up a turbine which isn’t going to rotate!

There are two ways to go about finding out the
average wind speed in your proposed location, it is
suggested that both options are undertaken prior to
purchasing:

Option Onez www.bwea.com/noabl

The department of trade and industry have compiled
a database, allowing you to find an average wind
speed at 10m above ground level per grid reference
region. The value returned is not a measurement
taken at your location, rather the result of a
computerised air flow model of the UK. It does not
take into account the 200 foot oak tree you were
planning on putting the turbine next to, nor does it
retain much reliability in built up urban environments.
This option should only be used as a rough guide,
before deciding whether to go ahead with Option
Two.

Option Twoz Anemometer

Nothing is going to beat an anemometer (wind speed
measuring device) placed at the proposed turbine
height in the proposed turbine location. An
anemometer will allow for you to review the wind it
has measured over a long period of time, often
including direction, and gusting. This information can
often be downloaded onto a PC for analysis, including
a much more reliable average wind speed figure. An
average wind speed of at least 4 m/s is advised by
most manufacturers.

Do | want the turbine attached to my house or on a
freestanding mast?

Again, there is another choice to make! Do you want
the turbine attached to your house, or do you have
wished to erect a mast on some spare land.

This is a decision that many residential properties
find is seemingly made for them. They have no land

spare to erect a free standing mast, and hence they
go for the industry standard ‘gable end mounting’.
However there is large scale debate on whether
mounting a turbine on the gable end is a good idea,
from both a structural and a vibration point of view.

Hence specialist now offer a mast that runs
alongside a property, taking all the vertical and the
majority of the horizontal load away from the house
itself. Advanced rubber ‘anti vibration’ clamps also
ensure vibration is minimised. An example of this
solution is shown below.

At what height should the turbine hub be?

A good guideline to follow is that a turbine hub
should be at least 7m in the air, and at least 1.5m
above any object within 15-20m of the turbine.
Failing this the turbine really should at least fully
clear the apex of any house, to not do so is to restrict
massively potential air flow to the turbine. Many
respectable installers should refuse to install a
turbine which doesn’t clear the apex; however this is
not always the case.

Whereis the best location on my property for a
OAl AAT 8 AEO A1 xe

There are several aspects of locating a turbine that
are easily forgotten, a turbine should not be located
near a chimney stack, as this can greatly disturb a
‘clean airflow’, in the same fashion, locating a turbine
at least 2m away from a TV aerial is advisable for two
reasons. Firstly, due to the aerial creating a turbulent
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airflow again but also a turbine may interfere slightly
with a tv signal due to it’s electromagnetism.

Another factor that are sometimes overlooked
include a high tree line in the garden of a property, or
a neighbouring property, as this will often not be
represented on any plans or elevations.

What will the neighbours think?

Unless a prospective turbine owner is in the middle
of nowhere, he will have to address his neighbours’
concerns with regards to a micro wind turbine
installation.

There is a wide range of issues that are brought up by
neighbours; the most common tend to be:

Acoustics

Acoustics form the single biggest issue raised during
the planning process, concerning both neighbours
adjoining the potential site and planning officials
themselves.

Turbine technology has evolved massively in the past
few years, and has resulted in large reductions of
noise generated.

The noise that is emitted is created by the very tips of
the turbine blades during periods of medium to high
rotational speeds. In many urban environments the
ambient background noise is louder than the turbines
standard operational noise (which tends to be
around 40dB).

Often dB level data means very little to people, so
the comparative chart, such as the one below is often

very useful.
Source of Noise Typical dB Intrusiveness
level
Hair Dryer 70 Interferes with t.elephone
conversation
Normal_ 50-65
Conversation
Comfortable
Quiet Office 50-60
(under 60 dB)
Refrigerator
. 40
Humming
Whisper 30 Very quiet
Broadcasting 30
Studio
Rustling Leaves 20 Just audible
Normal Breathing 10
0 Threshold of normal
hearing (1000-4000 Hz)

The chart demonstrates that a turbine in high winds
of 12.5m/s, typically creating a noise level of 50-55
dB is about equal to having a conversation in your
backgarden.

With double glazed windows, it is very unlikely a
detached neighbour will ever hear the turbine whilst
inside their house.

Wind Turbine installers will often allow the public or
concerned planning officials the opportunity to visit a
‘test site’ where a turbine is mounted and running
live for demonstrations of the noise emitted, and all
Turbine manufacturers should be able to provide
acoustic noise data to accompany any planning
application

House Prices

Whilst residential wind turbines are a relatively new
technology to the UK, countries such as Denmark,
Germany, America and Australia have adopted them
in large numbers. Research based on experiences
from these countries show that a residential turbine
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in fact slightly increased the prices of both the house There is no denying that a turbine could cause an
with the mounting and the local neighbourhood due annoying shadow flicker effect, however for it to
to the area being seen as ‘eco-friendly’. occur, the following conditions have to be met:

Properties being sold with the turbines in effect
continue to supplement the occupiers’ income

without the initial outlay of installation. )
. eThe Sun must be low in the sky (either

Birds Safety rising or setting).

Whilst large wind farms may well cause some issues Sun Height

to local wildlife, due to habitat change/disturbance . J

Current statistics show and our own personal

experience suggest that a bird is no more likely to a )
hit a micro wind turbine than it is any other structure .
o ) eThe light must be at the proper

of a similar size. declination relative to a residence.

Light Angle
In fact a glass sliding door or domestic cats pose a far )

greater threat to a bird’s wellbeing.

~

eThe turbine must be at the correct angle
against the sunlight, this would be
dictated by wind direction.

The RSPB agrees and they view:

Wind
J
N
eThere must be wind above 2.5 m/s to get
the turbine turning at this precise period
of time
Power
J
N
A0t AYIFGS OKIFy3S -3
aof Y S ) O y3s a |t needs to be a relatively clear skied day
term thl’eat to W|Idl|fe n the UK and for the Sunlight to be strong enough_
globally and, therefore, RSPB supports the Cloud Cover
Government's target to source 15% of J
St SOGNROAGE FTNRBY NB
o )
htto://www.rspb.ora.uk/ourwork/policv/windfarms/index.aso eThe person worried about the flicker
needs to be in their house or garden
when all the above conditions are met
Home? for the flicker to be an issue.
J




UK-SDA >

UK Sustainable
Development Association

Aesthetics [ \
Micro Wind Turbines come in all shapes and sizes, Dr Geoff Leventhall, Consultant in noise Vibration and

Acoustics and author of the Defra Report on low
Frequency Sound Noise and its effects, says:

there are some that look like washing machine
engines stuck on a pole, whilst others have been

developed to be in keeping with modern styles. | can state categorically that there is no significant
infrasound from current designs of wind turbines.say

In the same way that the first satellite dishes once that there is an infrasound problem is one of the hares

looked odd and out of place, micro wind turbines which objectors to wind farms like to run. There will nc
currently stand out due to the fact there are only a Qe anv effects from infrasoind from the turhines. j
handful installed per region. As they become cheaper,

and electric becomes more expensive, | fully expect
installations to be a lot more common and much Planning Permission

more ‘accepted’ by the eye.
Planning permission is required for micro wind

If the turbine is to be mounted in clear view of a large turbine installations that protrude above the apex of
road (A or M class), then it might be a good idea to the location’s roof, a worthwhile installation will
inform the Highways Agency of your plans. This is just almost certainly require this for a clean air flow
in case they believe it may be distractive to drivers. purposes, and therefore the vast majority of

proposals will require permission currently. But the
approval rate is getting increasingly higher since the

Other Common Concerns Office of the Deputy Prime Minister (ODPM) released
the document PPS22 (Planning Policy Statement 22 ).
Turbines throwing blades in high winds The statement dictates that the planner must start
Turbines are manufactured to extremely high safety with the premise that they should support the
standards and most installers will be accredited by application.
the government Low Carbon Buildings Programme
(formerly Clearskies) following a extremely tight set The planner needs to investigate acoustic and
of regulations. Turbines are manufactured to aesthetic aspects, but assuming that the wind
withstand winds speeds of up to 65 m/s. This is turbines acoustic noise data sheet (this should be
probably over cautious as 32.7 m/s is considered available from the manufacturer) accompanies the
‘hurricane’ speed according to the beaufort scale. application, and the wind turbine falls within the

following general guidelines:
Sonic BrainEffecting Waves

You would be surprised how many serious concerns e For a residential property the blade
we get about this. To be clear, the wind turbines we diameter should ideally be no larger than 2
know about do not emit any harmful sonic waves, so metres. This limits a typical residential install
there is no need to wear a tin foil hat in their to a 2kw micro wind turbine. A business
proximity! Still the myth became so widespread it led premise is likely to be allowed more
to a DTl commissioned report and an official quote flexibility here, but anything with a blade
from a Defra Expert (see below). diameter of larger than 2m, will be a tower

based install as opposed to wall mounted, so
a larger space will be required.

e The structure is located, a minimum
distance that is equal to its own height,
away from any public highway or publicly

accessible area



e The proposal would not involve the erection
of overhead power lines to connect it to the
national grid that would have an adverse
impact on the landscape of the area.

e The council is satisfied that the proposal is
capable of supporting the generation of
wind power.

The last point is normally satisfied by a wind speed
average from the dti’s database or a wind speed
analysis from an anemometer. These are both
prudent research methods for a person when
considering a wind turbine.

Future Legislation

The Government is introducing new regulation as
part of its reform of the planning system, the General
Permitted Development Order (GPDO), to relax
planning red tape for domestic renewable energy.

Micro-wind turbines and air source heat pumps has
passed the first stage of being included in the new
guidance having won UK Government approval from
DCLG, it now has to be referred to the EU for final
ratification before coming into force.

If the guidelines in their current form are ratified by
the EU, it would mean that turbines with blades
under 2m in diameter could be installed without the
need for planning permission.

For Further Information

Please contact the wind turbine specialists on the UK-
SDA’s members list.

g http://www.uk-sda.org/members.html
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