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A1.4 Heat Pumps
A1.4.1 INTRODUCING THE TECHNOLOGY
How the technology works
Heat pumps can be broken down into three components which include the
heat pump, the heat distribution system (i.e. the radiators and hot water
system) and the heat source. The heat pump and the heat distribution system
that it feeds into will be very similar for most heat pumps, however the method
of collecting the heat varies.
The three main types are Ground Source Heat Pump (GSHP), which extract
heat out of the ground, Water Source Heat Pump (WSHP), which extract heat
from a water body, or an Air Source Heat Pump (ASHP), which extract heat from
the air.
Heat pump
A heat pump extracts heat from outside a building and releases that heat at a
higher temperature inside the building. In doing so, it consumes energy
(usually in the form of electricity) to run a pump. Strictly speaking, therefore, it
is not really a ‘generation’ technology; it is perhaps more accurately described
as an ‘energy efficiency’ device in that it is consuming one form of energy
(electricity) to produce another (heat) at a high efficiency. The efficiency of a
device is given by its ‘Coefficient of Performance’ (CoP). A heat pump with CoP
of 4 would produce four times more energy (as heat) than it consumes.
The technology is very similar to a refrigerator (working backwards) and works
on the principle of the vapour compression cycle. It is shown diagrammatically
in Figure A1.4.1.1. It consists of an evaporator, a compressor, a condenser and
an expansion valve. Within the pump there is a volatile fluid known as a
refrigerant. The refrigerant in the evaporator is heated by the heat source
(which can be at quite a low temperature) which causes it to turn into gas. The
gas then passes through the compressor which increases its pressure and
causes its temperature to rise. The hot gas then moves to the condenser where
it is condensed back into a liquid and in doing so it releases heat into the
distribution system. The refrigerant is then allowed to expand back to a low
pressure through the expansion valve and pass back to the evaporator where it
repeats the cycle in a closed loop.
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Figure A1.4.1.1 Basic Heat Pump Cycle (source: OEE, 2004)11

Reversing the heat pump cycle will provide cooling (in effect, it becomes an air
conditioner).
Heat distribution
The most efficient heat distribution system is under floor heating, particularly
with a new, well insulated building. If under floor heating is not an economical
solution for existing buildings, then there may be some opportunity to retrofit
the heat pump to an existing radiator system for space heating and in some
cases water storage for hot water supply. In order to retrofit to the existing
radiators it should be a relatively large system to compensate for lower
operational temperature (50 to 65°C). If the system is reverse cycle (combined
with cooling) it may also be possible to install the heat distribution system in
the ceiling.
Different designs
Ground source
A GSHP is used to extract heat from the ground for use in space and water
heating and can also use the same process to supply cooling. These units take
advantage of the earth’s consistent temperature and in the UK the average
constant temperature of the earth at about 1.5m deep, is 11 to 12°C. These
pumps use a ‘ground loop’ to source heat for the pump.
The ground loop can be either horizontally laid in a trench in the ground as
shown in Figure A1.4.1.2, or within a vertical bore hole. The lengths of pipe will
depend on the heat demand and the equipment being used. The pipe itself
contains a fluid, usually water and antifreeze such as glycol, which is pumped
around in a closed loop circuit and absorbs heat from the ground. Properly
installed pipes should have a life span of 25 to 75 years.

11

OEE (2004). Heating and Cooling with a Heat Pump. The Office of Energy Efficiency, Natural Resources
Canada.
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Figure A1.4.1.2 Ground loop in trench system (source: DTI website)12

Water source
A WSHP is similar to a GSHP, except that the heat it extracts is from water rather
then the earth. WSHP also have similar CoPs to GSHPs when resourced from an
aquifer.
A water source heat pump can either be a closed loop or an open loop. The
closed loop is similar to a GSHP and contains an antifreeze mixture in a pipe
which is submerged into water, typically a river or lake. A closed loop lake or
river system will require a depth of around 2.5m depth13 or more.
A closed loop system can be installed in the form of a vertical bore into a
groundwater body or laid into a lake or river. Ground water is at a relatively
stable temperature (between 4-10°C in many UK regions) which allows high
efficiency pumps. The use of a water source such as a river or lake is likely to
provide lower efficiencies due to the drop in temperature during winter,
particularly in areas where the water bodies freeze which can then lead to the
evaporator freezing.

Figure A1.4.1.3 Lake loop (source: ClimateMaster web page13)
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DTI (accessed: July 2006) http://www.lowcarbonbuildings.org.uk/micro/ground/Department of Trade
and Industry, Low Carbon Buildings Program, Ground Source Heat Pumps.

13

ClimateMaster (accessed: July 2006) http://www.climatemaster.com/
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An open loop is effectively a bore, and this type of pump is often called a
geothermal pump (although this term is also loosely applied to all types of
ground and aquifer heat pumps). The pump draws the water directly into the
heat exchanger from an aquifer, rather then pumping around antifreeze.
Groundwater is pumped to the heat exchanger where the heat is extracted, and
then the cooler discharge water can then be re-injected in a separate well or
returned to surface water such as discharge ditch or a pond or lake.
Poor water quality can cause problems for the pumps and it is not
recommended that open systems draw water from lakes and rivers unless they
are always above 5°C and proven to be free of excessive particles and organic
matter.13 An open loop system needs to be cleaned and checked regularly for
build up of mineral deposits.
The advantage of lakes and rivers is the relatively cheaper installation cost
achieved by avoiding any ground works. In the long term a closed system has
lower operating costs because it is sealed and pressurized, eliminating the
possibility for build ups to occur.32
Air source
An ASHP can be placed outside a building and draw heat from the ambient air.
Air is passed across the evaporator unit by means of a fan.
These systems are generally cheaper then GSHP and WSHP as they don’t have
high installation costs. Because of the variability in air temperature however
they are on average 10-30% less efficient. Whilst it is still possible to extract
considerable heat from the ambient air at temperatures as low as -15°C, the
performance of an ASHP reduces the colder it is outside; ASHPs are better
suited to moderate climates.
In cold or humid climates, frost can accumulate on the evaporator surface when
the air source is close to freezing. This leads to a decrease in the efficiency of
the pump by limiting its ability to transfer heat to the pump.14
Placing an ASHP within a loft area can optimise the efficiency and might also be
used as a method for heat recovery from exhaust systems such as kitchen and
bathroom extractor fans.
An Air-to-Air Heat Pump will extract air from the outside and transfer the heat to
either the inside of a home in the form of warm air. This type of pump is
common for climate control and air-conditioning systems.
An Air-to-Water Heat Pump (AWHP) transfers its heat from the pump into a wet
system, including the common wet radiator systems in many homes in the UK
and also to a domestic hot water storage tank. These systems are also
commonly used in conjunction with ventilation systems which recover heat
from ventilation system’s extracted air to heat the domestic water supply.

14

Eco-Hometec (accessed: July 2006) http://www.eco-hometec.co.uk/Heatpump.htm
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The scale of technology for household application
The heat provided by the pump is determined by the pump rating and the CoP.
Typical CoP values for the different types of heat pumps are found in Table
A1.4.1. A typical household would need a pump rating of between 3 to 10 kW
depending on the household size. A WSHP and a GSHP will both have a
relatively consistent efficiency output so sizing for the home is easier then an
ASHP, which needs to have some compensation for differences in seasonal
performance.
Table A1.4.1 CoP values for the different types of heat pumps
Type of Heat Pump

Coefficient of Performance Range

Ground Source Heat Pump

2.5 – 5

Water Source Heat Pump – CLOSED LOOP

3–5

Water Source Heat Pump – OPEN LOOP

4–5

Air Source Heat Pump

1.5 – 5 (varies seasonally)

The system would then provide the amount of heat energy to the distribution
system as follows:
Total Heat = Coefficient of Performance × Power Rating
So the output of a 5kW pump with a CoP of 4 would be equal to 20 kW of heat.
In terms of annual household energy consumption, this could provide say
30,000 kWh of heat energy over a year, or enough to provide 100% of the heat
demand for even large family homes.
Because heat pumps operate on electricity they are most economical when
there is no source of mains gas, such that heating would otherwise be
electrically operated. The annual carbon savings using heat pumps and
compared to a gas fired boiler system would be between 200 to 500 kg CO2.
The heat pump unit can be installed in the kitchen or in a cupboard or
basement depending on the size and look of the unit. One pump currently on
the market has a casing similar to a dishwasher with dimensions 500 mm wide ×
500 mm deep × 800 mm high.
Table A1.4.2 Some examples of domestic GSHP units currently in the market
Model/Manufacturer

Ground Source Heat Pump Size

Calorex (Heatplant), Powergen

3.5 & 5 kW

Worcester

6, 7 & 9 kW

Veismann

5.4 – 14.6 kW

ClimateMaster

8.8 & 10.6 kW

When considering WSHPs, the open loop type is more likely to be applicable for
areas with greater housing density. For larger family homes, both WSHPs and
GSHPs can replace the domestic boiler system, but an ASHP is usually installed
as an add-on system in the home to supplements an oil or gas boiler because of
the seasonal variability.
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Often systems will be bought as a ‘climate control’ unit, which provides both
heating and air conditioning. The cooling cycle can also provide the benefit of
dehumidifying air. During the winter this type of system will extract heat from the
outside, whilst in the summer it will expel hot air to the outside. These systems
use a reversing valve to change the direction of the pump from heating to cooling.

A1.4.2 THE CHARACTERISTICS OF HEAT PUMPS
An introduction to the characteristics considered
From a planning perspective, the main issues associated with any heat pump
relate to the equipment used to extract heat from the heat source. In the case of
an ASHP, the main issues relate to their visual impact and any noise they might
emit. If the device is installed in a loft or as a heat recovery unit associated with
a ventilation system (also installed inside a building) there should not be any
planning concerns although there may be some noise issues to consider a
possibly health issues with recycling air.
The key issue for technical feasibility of a closed loop WSHP and a GSHP is access
for the ground loop system. For this reason the ground conditions play a big part
as does the area of land available. External works during construction may also
have implications for archaeology in the area and on any services in the ground,
but following on from this, the system is virtually invisible and should have few
issues for planners to consider. A licence may however be required for drilling,
although this is more important when drilling an abstraction bore for WSHPs.
The open loop WSHP system however will need more planning with licences for
abstraction and discharge and in ground investigation for technical feasibility. An
open loop system also has more environmental implications with possible longterm impacts on water temperature and therefore flora and fauna, and cumulative
impacts of numerous schemes from the same heat source (river, stream, etc).
External works, drilling and discharge
External works and drilling are associated with GSHPs and WSHPs. For the
latter, a lake or river loops is considerably cheaper to install then groundwater
loops as the pipes can simply be laid in the water body with a minimum of
ground works. However to access groundwater, a well or bore is necessary to
either draw water or place pipes into. Horizontal trenches are more specific to
GSHPs and are less likely to require a licence for the earth works then drilling.
Horizontal trenches
Trenches can be laid in the ground between 1 to 2 meters depth. If land has
been undeveloped this is often the most economical solution, and for an
existing home, a garden area of approximately 100 m2 is needed. A ‘slinky coil’
will reduce the necessary length of a horizontal trench down to around 10m
length per 1kW of heating load.
If a trench system is installed the ground above can be used for open space or
can be filled over with hard materials and used for development. If its early
stage of development and a Sustainable Urban Drainage System (SUDS) is
planned then the pipes could be laid below. Alternatively the pipes might be laid
in park areas or public green spaces.
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Figure A1.4.2 Horizontal trench for ground loop (Source: http://www.scotland.gov.uk)

Vertical drilling
The depth of the borehole will be specific to the site and to the pump. Vertical
drilling for closed loop systems is usually done to a depth of around 60 m deep
(it may be possible to drill to 200 m for larger applications) and the pipes are
laid in holes bored directly into the ground. Vertical drilling is useful were there
is limited space and for larger scale applications where a grid of bore holes are
laid in response to the demand. Any piling work (usually for a commercial
application) will allow for easier installation of vertical pipes and any geological
barriers will prevent vertical pipes.

Figure A1.4.2 Vertical ground loop 1) heat pump; 2) return circuit; 3) open loop;
4) closed loop15
15
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Tomasz Silwa (1999), Analysis of a Heat Pump System Basend on Bore Hole Heat Exchangers for a
Swimming Pool Complex in Krynica, S-Poland. The United Nations University, Geothermal Training
Program, Reykjavík, Iceland, Report 1999 Number 14.
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Drilling is usually the more expensive option but may be necessary in some
situations because of space restrictions. These systems however have the
benefit of greater efficiencies because of the better thermal properties of soil at
depth and should therefore operate on less energy. In many cases a licence is
necessary from the Environment Agency to drill, and always in the case when
extracting water.
There may be some issues with geology, which may make drilling uneconomical
such as drilling through solid rock. A ground survey is necessary to determine
the drilling conditions and also to investigate any services (gas pipes, drainage,
cabling, etc). Once the ground pipe is installed the hole or trench is backfilled
with a standard earth excavator.
In terms of a WSHP, when drilling for an open system the depth of the bore will
depend heavily on the depth of groundwater, but considering a closed loop
goes down to around 60 m for a domestic unit, it would be uneconomical
(compared to a normal GSHP) to drill much deeper. The length and size of
ground loops is designed to match the heating needs of the building and as the
demand increases, the open loop becomes increasingly more economical due
to the higher efficiencies.
Drilling is undertaken by a qualified well driller who can also assess the site for a
re-injection well. The process for having an open loop drilled includes applying
for a groundwater licence from the Environment Agency. The Agency requires a
WR-32 form (application for consent to drill and test pump a borehole). The
Agency then undertakes a hydrological investigation and assesses the potential
resource.
A survey of the water features in the surrounding area is necessary to identify
surface water bodies and other groundwater abstractions in the area. The final
consent to drill is not given until all this information has been considered.16
Following on from this an abstraction licence must be obtained. A drilling
licence may also be necessary for a vertical closed loop system. And the Agency
may impose severe constraints regarding interference with the water table and
the possibility of soil pollution.
Contamination
Any well construction or abstraction from a borehole or discharge to water has
the potential for contaminating that source and the Environment Agency will
provide advice on how to ensure that no fouling occurs. The applicant should
speak to the Environment Agency form the first instance when considering an
open loop system and care needs to be taken during the constructing to
prevent contamination of both the borehole and of the groundwater resource.
Soil ecology
Because of the temperature of the pipes there may be some changes to the soil
temperature surrounding them. In a large scale application there may be some
local cooling and in a worst case scenario freezing, which could affect the local
flora. A horizontal trench system would be at greater risk of affecting the soil
16

GLA (2004). Integrating Energy into New Developments: Toolkit for Planners, Developers and
Consultants. Greater London Authority, September 2004.
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because of the concentrated effect at one depth close to the surface and
therefore closer to tree roots and other vegetation. However, the scale of this is
considered negligible on domestic applications.
Visual impact
There shouldn’t be any significant visual impact with GSHPs and WSHPs
because once they are installed the external parts of the system cannot be seen.
However, this is not the case for an ASHP, which looks similar to a typical airconditioning unit and can be installed either in the loft or outside the building.
If the unit is installed in a loft there will be no problem with visual impact
however if the unit is installed on the outside it may need to be sensitively
placed, particularly if the building is in a conservation area or if the building is
listed.
ASHPs are most commonly mounted at ground level or on a wall of the building
in question (the first two examples in Figure A1.4.2) however, they may also be
positioned on a balcony of an apartment (third example Figure A1.4.2) or
alternatively on a flat roof. The mounting is generally sited in an as discrete
location as possible, considering also noise implications and air flow into the
pump. Ducting may be necessary to ensure the unit has a reasonable air flow
such as the example below on the balcony.

Figure A1.4.2 Different ways to mount ASHPs

The units are usually a powder coated neutral colour such as white or beige, but
they also come in stainless steel casings and although other colours are
available, these are more difficult to find and dark colours are rare as they
decrease the efficiency of the pump by absorbing heat.
The units can come in a range of different sizes, which relates mostly to the
efficiency of the pump, for example an ASHP with a potential CoP of 5 will be
bigger then a ASHP with a CoP of 2. The make/model will also impact on the
size, shape and weight, some examples of which are listed in Table A1.4.3 for
three different models currently on the market.
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Table A1.4.3 Physical characteristics of some different ASHPs on the market
Characteristic

ASHP # 1

ASHP # 2

ASHP # 3

2

4.0

5

Height

787 mm

775 mm

940 mm

Width

940 mm

1020 mm

1092 mm

Depth (inc. fan)

684 mm

345 mm

864 mm

144

87 kg

287 kg

CoP (max)

Weight

Noise
In general, GSHPs and WSHPs are relatively quiet, although the fan and
compressor on an ASHP in particular can make noise, similar to air conditioning
units. The noise emission from these units is can be around 60 to 80 dB, which
is double that of a refrigerator. When installing a unit in the loft space the noise
rating should be investigated from the suppliers (all units should come with a
rating) and a quiet unit chosen to prevent sound being transmitted through the
roof space. A special base could also be fitted to buffer the sound through the
ceiling.
An outdoor unit should be selected with an appropriate noise rating given its
location. Further noise reduction can be made by mounting the unit on a sound
absorption base similar to that used in the loft space. Landscaping can be
strategic with shrubs and bushes surrounding the unit which will not only buffer
noise, but will also protect against winds which decrease efficiency and can lead
to frost build up. It should be noted though that manufacturers recommended
airflow needs to be maintained around the unit.
Archaeology
Because of the excavation of trenches or bores it is important to consider
whether archaeological remains exist on the site and if this has any implications
on the works involved. Usually any implications can be easily worked through
and information can be found in PPG16 (England) PAN 42 (Scotland).17

A1.4.3 THE FUTURE DEVELOPMENT OF TECHNOLOGY
Heat pumps are a relatively mature technology and all of the different types
have been able to share technological advancements in pump technology as the
compressors, motors and control units are interchangeable to a certain degree.
Technology advancements are generally in the efficiency, size and noise levels of
units although some other important steps have been made such as ‘climate
control’ functions. GSHP and WSHP will however have longer life expectancies
because the compressor has less thermal and mechanical stress and is not
subject to prevailing weather conditions.
Because of the difference in performance of ASHPs in hot and cold conditions
they are usually rated with a seasonal energy efficiency ratio and this aspect

17

SE (accessed: June 2006) http://www.scotland.gov.uk/Publications/2006/04/21130424/4 Scottish
Executive, Planning for Micro Renewables Annex to PAN 45 Renewable Energy Technologies, HEAT
PUMPS.
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continues to improve with new units on the market. The units are now also
available in ‘cold climate’ models which results in less frost accumulation on the
pumps during winter periods and subsequent improved efficiencies during this
period.
A major improvement in the heat pump technology is the Reverse Cycle option,
which can offer a wider variety of heating and cooling options through under
floor heating systems and air flow to multiple zones within a house. These
whole-house solutions are most economical when installed within a new build
with good insulation and consideration of natural air flows in a house.
GSHPs and WSHPs are still expensive compared to a standard gas fired boiler
and are usually not economical when there is a mains gas supply. As these units
become more poplar the price should come down although one of the most
expensive components is the actual drilling, which in England is around £2,000
for a single domestic property.

A1.5 Micro Wind
A1.5.1 INTRODUCING THE TECHNOLOGY
How the technology works
Wind turbines convert the energy in the winds to another form. Traditionally
wind mills have been used to grind grain, wind is still widely used for pumping
water and wind turbines are increasingly used to generate electricity. Whatever
their use, all wind turbines place a rotor into the wind flow. This rotor is turned
by the wind and this rotary motion is then connected to a mill, pump or to an
electricity generator.
Faster winds contain more energy than slower winds. Winds also vary between
heights above the ground; the higher above the ground, the faster the winds.
This means that wind turbines are usually placed on tall towers. Mostly wind
turbines are placed in uninterrupted wind flows, so on smooth rounded hills
and away from tall trees. A few modern ones are designed to be sited on
buildings, some of these will benefit from the enhanced wind flow caused by
the wind flowing over or around the roof.
Different designs
Wind turbines are generally rotors placed into the flow of the wind. There are
several variations of rotor, they can be distinguished by their configuration, axis
orientation and blade number. There are three main types of configuration:

• Axial flow
• Cross-flow
• Impulse
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Axial-flow designs tend always to be on horizontal axes. Cross-flow and impulse
designs could be on either horizontal or vertical axis (or on any axis
perpendicular to the flow direction).

Horizontal axis axial
flow

Vertical axis cross-flow

Horizontal-axis crossflow18

Vertical axis impulse

Figure A1.5.1 Rotor types

Turbines can have any number of blades from one to many tens. Most electricity
generating turbines have between two and five blades. Water pumping
machines tend to have many blades.

One blade

Two blades

Six blades

Multi-bladed

Three blades

Figure A1.5.2 Examples of turbines with different numbers of blades
18

The particular device shown here is not designed to be installed in this configuration, but similar
devices do exist.
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Some wind turbine types use ducts. These structural elements force the wind
through a smaller area in which the rotor sits. These are fairly unusual but may
become more common if turbines incorporated to roof structures become
popular.
Wind turbines can sometimes be incorporated with other systems. Below is an
example of a combined wind and photovoltaic lighting column. Such systems
are useful where the cost of running an electricity cable to the tower is high.

Figure A1.5.13 Example of a wind turbine integrated with a lighting system

The scale of technology for household application
Wind turbines can be made at almost any size. The power produced by the
turbine depends on the ‘swept area’ of the rotor. This means that a turbine with
a rotor diameter 2m would produce roughly four times the power of a turbine
with a 1m diameter rotor.
Since wind turbines do not produce power all the time we tend to discuss only
their energy output. A turbine producing roughly 4500kWh/y (enough to meet
the electricity needs of an average home) would be rated at about 1.3-2.7 kW
depending on the local wind speed. However, the electricity demand of an
average house could be a somewhat arbitrary comparator, given that different
homes will consume more or less, other homes would have additional demands
for heating, etc. Also some homes may use the power for businesses too, eg to
power farm equipment. Thus larger designs might be appropriate. Alternatively,
smaller systems might too be attractive for remote applications, such as
charging batteries well away from an alternative source of power.
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A1.5.2 THE CHARACTERISTICS OF MICRO WIND DEVICES
An introduction to the characteristics considered
From a planning perspective, micro wind turbines have a large number of
characteristics that have a potential planning impact. In consultation with a wide
range of stakeholders, we consider the following to be the most significant.

• Size and height
• Mounting method
• Vibration
• Noise
• Colour and reflectivity
• Shadows and reflections
• Access for installation and maintenance
• Electromagnetic and electrical interference
• Physical damage
• Wakes
• Driver distraction
• Bird and animal (bat) strike
Each of these characteristics is discussed in the following sub-sections.
Size and height
Wind turbines are defined by their power rating. Power ranges from a few watts
to several megawatts per machine. The power output is roughly a function of
the rotor area. A selection of rotor sizes taken for machines up to 22kW is
shown in Figure A1.5.4.

107

Domestic Installation of Microgeneration Equipment

Figure A1.5.4 Approximate relative sizes and hub heights of a range of different wind
turbines (<25kW)

Figure A1.5.5 Approximate relative sizes and hub heights of a range of different wind
turbines (<7kW)

Also shown is the single-phase and three-phase limits defining ‘small’ in the G83
guidance (see below),
A useful way to differentiate turbines consistently is their swept area. This is the
space contained within the path of the blades. For a horizontal-axis machine this
would be the area of circle prescribed by the blade tips which is roughly 0.8
times the diameter (d) of the rotor squared. (= 1⁄4 πd2). For a cross-flow or
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impulse machine the same rule would apply, though in the examples given in
Figure A1.5.6, the swept area would be the diameter times the length.

Horizontal axis

Cross-flow (or impulse)

Figure A1.5.6 Examples of swept area

Mounting method
Most wind turbines are mounted on masts or towers. There are several types of
towers:

• Un-guyed poles
• Guyed poles
• Lattice
• Tubular

Un-guyed pole

Guyed pole

Lattice tower

Tubular tower

Figure A1.5.7 Examples of tower types

The lattice and tubular towers tend to be used on the larger machines (100kW
upwards). The guyed and un-guyed poles tend to be used on the smaller
turbines (<3kW). Guyed poles tend to use at least three guys.
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Some wind turbine designs are intended for direct mounting to a building.
These are fairly new. Some of the smallest wind turbines, which are mainly
designed for battery charging, say on yachts, can readily be mounted to any
structure. They are small and weigh very little. They also produce little more
than a few watts of power. It is more likely that roof-mounted wind turbines will
be 0.5-2m diameter or perhaps even larger. In theory, a building mounted
device could be attached to the wall of a house, to the roof of a house or even
to a chimney. However, careful consideration will be needed of the potential to
damage the building from such an installation.

Figure A1.5.8 Example of a gable-mounted turbine

Vibration
Vibration is of most relevance to building-mounted turbines, since small-scale
pole-mounted systems are unlikely to transmit noticeable vibration to other
receivers. (In the unlikely case that they do then all comments below on
building mounted systems apply).
The experience of the industry in these applications is still emerging. All roofmounted systems will transmit some energy to their support structure. Good
designs will seek to minimise the intensity of the vibration source and limit the
transmission of the vibration to the structure. Anti-vibration mounts are
generally used to mount turbines to structures. Experience of the system
effectiveness is still accumulating in this area.
Vibration in general can range from undetectable, through annoying to
destructive. Thus wind turbine owners and neighbours will be concerned that
these devices do not cause any nuisance, or even any serious or cosmetic
structural damage to their properties.
There are two British Standards relevant to vibration evaluation and nuisance
assessment:

• BS6472 Evaluation of human exposure to vibration in buildings (1 Hz to 80
Hz)
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• BS7385 Evaluation and measurement for vibration in buildings
BS6472 explains what types of vibration are likely to cause ‘complaints’, i.e. to
cause a nuisance. The approach, which can be quite complex, considers:

• the strength of the detectable vibration – i.e. the peak and mean

accelerations and velocities caused in related structures (e.g. a bedroom
floor)

• the direction of the vibration, e.g. horizontal or vertical (humans have
different sensitivities to each)

• the frequency of vibration and to what extent these frequencies can be
detected by people

• the nature of the vibration, whether it is transient (like a passing train),
impulse (like a bang) or continuous (like a fan).

• time of day – day time or night time
The standard comprises a set of guidelines that seek to weight and categorise
the vibrations and determine whether they are likely to cause a complaint. For
example there is a low probability of adverse comments if the ‘vibration dose
values’ are less than 0.4m/s1.75 during the 16-hour day and 0.13m/s1.75 during an
8-hour night.
Complicating the matter further is that different levels of vibration caused by
the same source can be felt more or less strongly in different parts of a building.
For example the unsupported middle part of a floorboard may be caused to
vibrate more than the end nailed to the joist.
This means that whilst it is possible to suggest limits on vibration levels that
would be acceptable it could be a complicated process requiring specialist skills
to confirm that the limits have been met.
It may be true that if the vibration energy at the source (e.g. the connection
between the turbine and the building) can be shown to be outside the range
likely to cause nuisance then there should be no problem within the building.
This is because the energy would have been dissipated (damped) in the
structure reducing it to even lower levels.
It is also likely that manufacturers would not be able to meet this low level of
source vibration and will need to rely (quite sensibly) on the structure to damp
out their vibrations to bring them to acceptable levels. The extent to which a
building can do this depends greatly on the building structure and geometry.
It may be possible that some manufacturers can offer guarantees to ensure that
if properly installed their turbines will not cause nuisance. This would require
that the turbine is installed in a certain way and only on particular building
types.
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It is possible to use the standards to determine whether a nuisance is likely to
be caused by measurement after the event. For example if a complaint was
raised about an installation it is possible for a competent engineer to measure
the vibrations and compare them to the standard. We note that this process,
whilst defined, can be complicated and is likely to be costly (compared to the
cost of the installation for example).
BS7385 describes a method for assessing the vibration levels likely to cause
damage to a building. This takes into account amongst other things:

• the nature of the vibration, whether it is transient (like a passing train),
impulse (like a bang) or continuous (like a fan)

• the strength of the vibration – i.e. the peak and mean accelerations and
velocities caused in related structures

• the nature of the structure – e.g. light-framed domestic or heavyweight
industrial

• the natural frequency of the building – this is related to the shape, size and
structure of the building. (Excitation from vibration at the building natural
frequency can be particularly destructive to the building).

Once again this process can be quite complicated and requires a competent
engineer to judge. It might be possible for turbine manufacturers to warrant
their machines for installation in particular circumstances on particular building
types using particular methods.
Unlike nuisance it is preferable that damage from vibration is prevented before
it can occur. In the case of nuisance, at least one can simply take away the cause
of the nuisance and the situation will get back to what it was before, but if
damage is caused, the cost of reinstatement can be high. Cosmetic damage
might be repairable, but severe damage could be dangerous. In general a
criterion set to avoid nuisance will also prevent damage occurring from steadily
vibrating sources. (Note that damage could still occur from other loads such as
occasional storms, but this would not be classified as vibration damage).
Noise
All wind turbines will emit some level of noise. There are two main sources;
mechanical and aerodynamic noise. Typically mechanical noise is minimal
compared to the aerodynamic noise. The aerodynamic noise is in part caused
by the vortices shed from the blades and especially where these vortices are
interrupted by other structures such as the supporting tower. This means that
the turbines’ noise level tends to relate to the wind speed, the rotor speed and
the rotor size. It is also possible for guy lines to whistle in the wind, as do
telegraph wires.
Large-scale wind turbines are generally sited well away from dwellings to
minimise the chance of noise nuisance. Domestic turbines by their very nature
are likely to be sited much closer to receivers, perhaps even within a metre of
the owner’s dwelling and even a neighbour’s dwelling.
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Available noise information on micro-wind devices is sketchy. It is also difficult
to express the noise information in terms of nuisance. For example the sound
pressure levels may vary between machines of different sizes, but then so too
will the distances to the receptors. Increased distance may compensate for
higher relative sound pressure levels (SPLs).
There is guidance on acceptable noise emissions near dwellings. There are two
good sources that apply in England:

• BS 4142 Method for rating industrial noise affecting mixed residential and
industrial areas.

• ETSU R-97 The assessment and rating of noise from wind farms.
The latter was developed since it was generally recognised that the British
Standard was difficult to apply to wind farms which were often sited in rural
locations and had very low noise levels on top of very low background noise
levels.
ETSU R-97 aims to protect amenity during day time and sleep at night time. The
relevant times are defined in the guidance. The noise emissions are assessed:

• Relative to background noise levels
• At the nearest relevant noise-sensitive properties
• Recognising that background noise levels change with wind speed
• Bearing in mind that background noise levels are not steady
• Cumulatively such that existing wind turbines are not considered part of the
background noise level.

If the noise from the turbine predicted at the nearest noise-sensitive dwelling is
less than LA90,10min = 35dB(A) at any wind speed then the turbine will be
acceptable. This limit can be increased at higher wind speeds, but must be less
than 5dB(A) above the background level for that wind speed. There are some
allowances for higher noise levels at night (43dB(A)) and discretionary higher
noise levels during the day (30-40dB(A)) depending on a range of subjective
factors such as the benefit of the scheme and local amenity.19
Thus it is possible to define the acceptable noise emissions at the nearest
receptor. The difficulty is then interpreting what noise emissions are allowable
at the source. For pole-mounted turbines the distance to the nearest noisesensitive dwelling could be quite large and thus compensate for a higher source
noise level, thus calculations can be used to estimate the noise levels at a given
location.

19

The night-time allowance is slightly higher to account for the receptors (listeners) being indoors and
thus to account for the additional noise and assuming a window in the listeners’ room is left open.
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Roof-mounted turbines can be sited as close to the building as possible. This
means that the total noise emission must be much less than for a pole-mounted
turbine sited farther away. Thus meeting noise limits will be more onerous for
roof-mounted turbines.
There are no noise assessment guidelines specifically for micro wind turbines.
However, Defra is currently investigating whether the ETSU R97 noise
assessment method for large-scale wind farms is appropriate to the domestic
setting. Defra will also undertake a long-term monitoring exercise of the
acoustic effects of installing a micro-turbine on a domestic dwelling. The report
will be available to Defra late in 2006.
Colour and reflectivity
Wind turbines can be of any colour. Large turbines tend to be white (very light
grey), but small turbines come in a range of colours from camouflage to
flamboyant.
Turbine nacelles and blades tend to be smooth. This means that they will reflect
light to some extent. Turbines can be painted in varying levels of reflective
paints. A high gloss finish will reflect more light than a matt finish. White will
reflect more than black. Regardless of the colour some light reflection will occur
under very bright conditions. (See also Section 0).
Shadows and reflections
Wind turbines are mostly placed in exposed locations and as such they are likely
to cast shadows and reflect sunlight. The direction and nature of the shadows
and reflections depends on the siting of the turbine, its size, the direction of the
wind, the available sunlight and the time of day.
Unlike fixed structures the rotors can cause shadows or reflection flicker. This is
where the movement of the rotor causes a moving shadow or reflection. This
can cause a nuisance in some circumstances. This nuisance can be exacerbated
by the effects of small apertures (such as windows) on the flicker. This means
that if a shadow is cast across a window the light levels in the room might
fluctuate and cause annoyance. Such effects can sometimes be pronounced but
are usually short-lived (because the sun moves), though they will of course
repeat perhaps even daily at certain times of the year. As a general rule the
farther from the turbine the less pronounced the effect. Also smaller blades
casting smaller shadows will also have a smaller effect.
Access for installation and servicing
There are essentially two methods for installation. Tilting the tower and using a
crane.
Tower tilting
In this case the tower is lowered to the ground using a winch and a gin-pole.
This means that there must be space available near the base of the tower to
lower the system into. Often there is also a second foundation on the other side
of the tower to which the winch is attached during raising and lowering.
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Cranes
Cranes are often used to install both the smallest and the largest wind turbines.
The very largest onshore wind turbines have a special level hard-standing at the
base of the tower on which the crane can park during raising and lowering. All
components including the tower, the nacelles and blades can be raise using a
crane. Smaller systems might use cherry-pickers rather than cranes, but the
process is similar. In some cases additional guy lines are attached to steady the
loads as they ascend, small systems may use people to tension the lines, and
larger systems may require winches.

Using a cherry picker for a
small roof-mounted system

Lowering a pole-mount turbine by tilting and using a
supplementary ‘gin-pole’

Figure A1.5.9 Examples of installation methods

Electromagnetic and electrical interference
Most wind turbines that are designed to produce electricity will emit a small
amount of electromagnetic radiation. The level should be within defined limits
to avoid interference with other electrical appliances (e.g. to avoid affecting
television pictures etc.). It is possible that poorly engineered turbines will emit
radiation in excess of the limits and could cause a nuisance.
Devices that are CE marked according to European Directive 89/336/EEC on
Electromagnetic Compatibility (EMC) should be acceptable.
The same applies to interference (e.g. harmonics) with the electricity supply.
Generating equipment is required to meet strict ‘quality’ criteria to avoid
degrading the quality of the electricity supplied to the end user. It is possible
that a poorly engineered wind turbine could affect the electricity supply and
cause damage to or nuisance by other electrical systems.
There are two relevant considerations here:

• Electrical safety
• Electricity quality
All installations should be electrically safe whether they are connected to the
national electrical grid or ‘stand-alone’. BS7671 ‘Requirement for Electrical
Installations’ (also known as the wiring regulations) details the requirements to
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ensure safety and includes installation and inspection requirements. All qualified
electricians will be familiar with this standard and the relevant elements of this
standard are incorporated to statute in the UK.
If the system is connected to the mains electricity system it is known as a
‘parallel generator’. It operates in parallel with the public electricity grid. This
grid is owned by the Distribution Network Operator (DNO). There are two sets
of applicable guidance; one for small systems and one for large. Both sets of
guidance are produced by the Electricity Networks Association whose members
comprise the DNOs. Both sets of guidance are not legally compulsory, but in
practice since connection to the grid means gaining permission from one of the
DNOs, parallel generators must follow this guidance. The two guidance notes
are:

• Electricity Networks Association Engineering Recommendation G83 for
small systems (less than 16A per phase),

• Electricity Networks Association Engineering Recommendation G59 for all
other systems.

‘Small’ systems, as defined in these guidance notes, are parallel generators
producing less than 16A per phase. In a typical house with a normal (singlephase) electricity supply, this would apply to generators up to 3.84kW. These
sizes of turbine are shown in Figure A1.5.4 and Figure A1.5.5). The requirements
cover mainly grid quality, frequency and voltage.
Generators over this size will need to comply with G59. This is more onerous
and more information needs to be supplied to the DNO. This includes similar
information to G83 and in addition information from electrical type tests, model
details, etc. Permission may only be granted subject to certain conditions
relating to disconnection facilities, labelling, etc.
In the context of this report, we consider it very likely that the vast majority of
micro wind devices that are being retrofitted to domestic dwellings will fall
within this definition of ‘small’, i.e. they will have a rated output of 3.84 kW or
less, and should therefore comply with G83, or they will be stand-alone with no
connection to the public electricity grid. In any case they must meet the BS7671
safety standard familiar to all electricians.
Interference with television
As with any structure, wind turbines could interrupt a television signal if placed
directly between a television transmitter aerial and a receiver aerial. This could
be important if an otherwise unaffected neighbour loses their television
reception as a result of the installation of a new turbine.
There is also a possibility that turbines placed close to, but not exactly in the
line of sight of the aerials, can cause other interference such as ‘ghosting’,
where the television viewers see more than one image on their screen, the
second appearing like a ghost of the first. This effect requires that the blades
reflect a significant portion of the television signal, and this is less likely with the
wooden, plastic, or carbon fibre blades, used on most small wind systems.
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Physical damage
Under strong wind conditions the rotor of a wind turbine will have some
rotational energy. The amount of energy will depend on the size of the machine
and the strength of the wind. Even kilowatt-scale turbines and above could
cause damage any object placed in the rotating blades whilst they were spinning
a full speed. It is therefore prudent to site wind turbines away from places
where people and animals can contact the blades. Places to avoid might include
balconies for example. Electrical systems are sometimes protected by ‘placing
out of reach’. A similar approach is sensible for wind turbines.
Turbines that fail whilst running at high speed can shed parts at high speed that
may cause injury to others. Most good systems will be quite safe and reliable.
However, placing the turbines near to places where people and animals
congregate will raise the risk of injury as a result of failure, though it will not
increase the risk of failure in the first place.
Wakes
Wind turbines take energy out of the wind and as a result they cause a wind
shadow or ‘wake’ downwind. This wake has less energy and sometimes more
turbulence. This is of concern if another wind turbine is to be placed close-by
since when one turbine is downwind of the other it will produce less energy
than if the upwind turbine were not there.
There have been some concerns raised about the impact of changed turbulence
levels on the effectiveness of chimneys and flues. It is possible that there will be
an impact, but since chimneys are designed to work with the full range of
turbulence and wind speeds howsoever caused, it is unlikely that a nearby wind
turbine would degrade their overall performance. (A system that adds energy to
the wind, such as a fan, could disrupt the operation of a flue and blow the
emissions back down the chimney. Wind turbines only ever take energy out of
the flow).
Driver distraction
The below quote from PPS22 on driver distraction should apply to both small
and large-scale wind turbines.

Bird and animal strike
It is possible that birds and animals such as bats may fly into the turbines. There
is some evidence collected on large commercial-scale wind energy systems, but
very little on small-scale systems. It is not therefore possible to conclude that
there will be no, or negligible effect.
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Small turbines might not warrant individual studies, due to cost and benefit, but
as a consequence no experience will accumulate either to prove that the effects
is small. A general study would be extremely difficult or costly to run if it were to
result in conclusions that are generally applicable.
However, since the turbines will be relatively small (compared to the full-scale
machines used on wind farms) their effect is also likely to be small. Also there
are other dangers already in the built environment that need to be compared
too including glazed windows which are often not seen by birds, vehicles that
collide with wildlife, etc.
Birds
Large-scale wind farms have the potential to affect birds. However, in the UK
even the largest wind farms have not shown any significant effects. The latest
guidance on assessing the impacts on birds is published by Scottish Natural
Heritage. This guidance suggests that areas should be treated according to their
scale and proximity to sensitive bird populations. The guidance is directed at
large-scale wind farms and so advocates different levels of bird surveys to assess
likely impacts. Surveys require skilled observers in the field for significant
periods of time (e.g. over a year) and at different times of day and night. Clearly
this is an extremely onerous criterion if applied to small-scale wind energy.
It could be argued that wind turbines of this scale are small and thus unlikely to
cause a significant risk. Some will be near to buildings which already take up
bird foraging and breeding areas and are thus unlikely to add very much to bird
habitat loss. Also most dwellings lie in areas that are far from bird-sensitive
areas.
However, in the general case there will still be occasional dwellings, say in
remote areas, that might be in a sensitive area (such as a Special Protection Area
as designated in the European Birds Directive), where the effect might be
greater. However, even in that case a single small turbine still might not be
considered to have a significant effect.
It is thus a matter of judgement as to what scale of development and in what
locations might have an effect on birds. It seems reasonable that small numbers
of small scale (<30kW) would not cause significant effects when those turbines
are sited near a dwelling on land that is not used by protected birds species.
Bats
All British bats and their roosts are protected under the Wildlife and
Countryside Act 1981 (as amended by the Countryside and Rights of Way Act
2000) and by the Conservation (Natural Habitats & c.) Regulations 1994.
Significant effects on bats resulting from wind farm developments are generally
only likely to occur when large wind farm sites are located close to migratory
routes or when turbines are located in close proximity to foraging areas and
roosts, hibernation or swarming sites. Very small scale developments,
particularly in areas with little bat activity are very unlikely to pose significant
risks to bats.
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There is some anecdotal evidence that turbines can cause effects due to:

• Bat collision
• Loss of foraging habitat
• Interruption of migration or commuting routes
• Emission of ultrasound by wind turbines
Most work on bat turbine interactions have been done on larger wind farms
where some useful transferable results arose. For example bats may avoid wind
turbines, thus leaving them with less area in which to forage. There is also a
potential for collision and it is suggested that this may be worse in structured
landscapes, e.g. where lines of hedges run towards the turbines. Micro wind
turbines could cause similar effects although on a much smaller scale.
The difficulty is that for larger wind farms it is sometimes appropriate to survey
the site and determine the types of bats present if any. Then the most
appropriate method of survey can be used for the bat type, and thus the best
mitigation options taken too. For very small sites such as micro wind the
process would be similarly labour intensive and perhaps out of scale with the
development. However, these turbines could be placed in or near roosting bat
populations. Bats live in towns too.
The key characteristics
We believe there are three really key areas for consideration when thinking
about the planning impact of micro wind turbines: size and scale; safety; and
nuisance. Determining the acceptable levels of size and scale is a matter of
judgement. Safety is covered to an extent by standards and engineering
recommendations. Nuisance covers particularly noise and vibration and is
difficult to define meaningfully, though applicable standards do exist.
Size and scale
Wind turbines can be differentiated by their:

• Size
• Rotor configuration
• Number of blades
• Tower type or whether they are roof-mounted
• Turbines can be of any colour.
The above define most of the aesthetic considerations for permitted
development.
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Safety
There are several points of safety that will concern local people and especially
immediate neighbours. While these may not strictly be permitted development
issues they will concern people if they are not met. Without planning
permission to revoke neighbours would have limited recourse against poor
installations.
Poorly engineered and installed turbines could cause structural and personal
damage to people. Even electrically small systems can be physically large
enough to hurt.
Poorly sited turbines could interrupt television signals; especially where they are
sited very close to an aerial.
There are several regulations relevant to the electrical safety of the turbines.
There are legal requirements on electrical safety and robust recommendations
on electrical quality.
Nuisance
The remaining issues are the most complex and are related to annoyance and
nuisance:
It is possible for turbines placed close to apertures (such as windows) to cause
an annoying shadow or reflection flicker for certain periods of time. Smallersized turbines and greater separation distances can mitigate this effect.
Turbines can cause annoyance through noise and vibration. There are several
applicable standards that help guide when noise and vibration levels are
unacceptable. The rules can be simplified but this also makes them harder to
meet, particularly for roof-mounted turbines. Following the rules in detail can
be quite an onerous task for a small installation. Defining readily acceptable,
clear, simple and achievable noise and vibration limits is the most striking
challenge in defining permitted development.
Nuisance can be dealt with by statutory bodies and instruments guided by Defra
and implemented through Council Environmental Health Officers. Whatever
elements of this work are taken forward it makes sense for the logic and
conclusions to be shared with Defra.
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