CHAPTER 7

Summary and Conclusion
7.1 General
Overall Entec identified a very high level of support for microgeneration and
changes to the planning system in order to remove perceived barriers. It was
also noted how few planning applications there currently are but that the
potential exists for rapid growth in take-up.
It has been possible to make positive recommendations for all of the
technologies across the house types, with suitable caveats. For the purposes of
this project, it is important to distinguish between conversions of large houses
(with 8 rooms or less) and bespoke blocks of flats. The former are more akin to
houses and so should not necessarily have the more relaxed permitted
development rights.
The main (summarised) points for each technology are set out below:

7.2 Solar
• There is a very pressing need to make clear PD rights given current
confusion, but to set robust parameters;

• This is the most common technology and figured most in our research (eg
25 applications in Pembrokeshire, 22 in Guildford, 12 in North Devon);

• Visual & Townscape/Landscape impact emerged as the main issue but
applications are still generally approved;

• Entec focussed on the height above the roof plane (150mm), coverage of
the roof and walls (60%) and the height/area with stand alone solutions.
Distance to neighbours is also important;

• Solar should not be PD where it is on the principal elevation fronting a

highway (legal definition to be agreed), on listed buildings or in protected
areas.

7.3 Heat Pumps
• These are seen as offering significant potential and again the proposal is to
make clear PD rights;
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• With Ground Source there is a need to note archaeologically sensitive areas
and issue guidance;

• With Air Source a noise control or spacing to neighbours is proposed to
avoid nuisance;

• The role of Environment Agency, EHO and existing legislation is noted in
this context.

7.4 Micro Wind
7.4.1

STAND ALONE

• These are reasonably common mainly in rural areas but applications are
currently required and a range of conditions imposed;

• Those applications are generally approved subject to height, siting etc but
there is the occasional refusal on visual grounds;

• Entec focussed upon height (10 metres), blade size/swept area (2m/3.14 sq
m which is directly related to output) and either a noise standard or
distance to the nearest habitable room to avoid nuisance;

• Distances to the highway and neighbours boundary were also considered;
• Rear of properties is preferable including in protected areas.
7.4.2

BUILDING MOUNTED

• These are currently rare and subject of applications which are carefully
considered. High profile examples in Kensington and Southwark were
approved with conditions;

• The main impacts to resolve are visual, noise, vibration and electrical
interference;

• Entec researched noise and product range and has advised on spacing to
habitable room/noise standards;

• The height trigger above the ridge line of a roof is recommended to be 3
metres (this roughly equates to the 10m for stand alone);

• Whilst single turbines would be PD in most situations, up to four turbines

could be allowed on the roof of larger blocks of flats (not house conversions
with eight rooms or less).

• There is a need to consider vibration causing nuisance, and this should be
captured through appropriate industry standards and accreditation.
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7.5 Biomass
• There were no applications from case studies but three questionnaire

responses were received with one respondent having applied for a wood
store;

• Entec propose extra storage space of 10 cubic metres be offered over and
above existing pd rights;

• The height of flue could be PD providing it is less than 1 metre above the
ridge line.

7.6 Micro CHP
• No applications or responses were received but this is mainly inside and
hence PD already;

• The height of flue could be pd providing it is less than 1 metre above the
ridge line;

• Flats could be allowed a single unit as PD with specified dimensions and
restrict distance to 15m to nearest habitable room on noise grounds.

7.7 Micro Hydro
• Schemes are rare and there is no perceived need for change from British
Hydro Association;

• Many turbine houses would effectively already be covered by PD, so no
changes are proposed;

• Suggested could allow above ground pipelines up to 0.5 metres in height.

7.8 Summary of Recommendation
Entec are therefore recommending to DCLG/PINS/WAG:

• a presumption in favour of (retrofit of) all forms of microgeneration

equipment for domestic properties, with carefully considered parameters to
minimize nuisance, visual and other impacts;

• preparation of guidance notes for householders to complement any
changes;

• use, in the GPDO definitions, of related industry standards (some such as

noise from wind turbines may need strengthening) and a requirement for
accreditation of products, suppliers and installers in full consultation with
the industry.
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ANNEX

How Much Energy Could a
‘PD Device’ Deliver?
A1.1 Pre-amble
The answer to the question:
“what proportion of a household’s annual energy consumption could
different microgeneration devices provide?”
is
“it depends.”
It depends, fundamentally, on:

• The actual energy consumption pattern of that household – and this

depends on all sorts of factors, including location, type of property, nature
and state of repair of the building fabric, number of people in the
household, level of energy efficiency, and so on and so forth.

• The ability to export ‘surplus energy’ at times when the microgeneration

device is operating but you don’t need the energy yourself. Under these
circumstances, you can switch off the device because it is not needed, or
you can store the energy, or you export the surplus energy to enable other
people to use it. In the first option, you lose the opportunity to produce
‘free’ electricity or heat. In the second option, quite often the storage
capacity (battery in the case of electricity or hot water tank in the case of
heat) is limited. In the third option, you can justifiably offset any energy you
need to buy at times of your own peak demand with the energy you have
already supplied to others at the times you didn’t need it. The ability to take
the third option depends on technical and commercial factors that relate to
the connection of your generating device with the grid (in the case of
electricity) or with other people through hot water pipes (in the case of
heat).

• The site specific circumstances of the microgeneration device. For instance,
for a wind turbine what is the wind regime like? For a PV array, what is the
orientation of the array, how much shading is there and when does the
shading occur? For a ground source heat pump, how much ground is
available as a heat source? All of these factors influence the annual energy
‘yield’ from the device.
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Nevertheless, to give some indication of the usefulness or otherwise of our
recommendations, we can make the following very general observations about
the amount of energy that different devices might be able to contribute to a
household’s energy needs.

A1.2 A Household’s Energy Needs
In Appendix 1, we present some data on ‘average’ energy consumption by
householders, with all the caveats associated with the word ‘average’. In
Appendix 1, we say:
There are extensive sets of data relating to how energy is used in our homes,
broken down by types of property and broken down into different forms of
energy.18 From these data, and despite the wide range of energy consumption
patterns that exist in our housing stock, we can draw the following
conclusions about our use of energy in housing (2004 data):
Average total energy consumption per household – 79.8 gigajoules per
year. This equals about 22,000 kWh per year (from Table 68 of reference 18
– see footnote). About 60% of this energy is used for space heating, 24% for
producing hot water, 3% for cooking, and 13% for electrical appliances and
lighting.
On average over the total UK housing stock, 71.9% of our energy comes from
gas, 20.5% of our energy comes from electricity, 5.0% of our energy comes from
oil, and 2.6% of our energy comes from solid fuel (from Table 73 of reference
18 – see footnote).
From these data, we can therefore say the following (with the cautious use of
the word ‘average’):
In an ‘average’ house, about 4500 kWh of electricity is used each
year.
An ‘average’ house uses about 13200 kWh of energy for space heating
each year.
An ‘average’ house uses about 5300 kWh of energy to produce hot
water each year.
In thinking about the scale of microgeneration devices, therefore, we consider
a ‘reasonable’ sized household device would make a significant contribution
to meeting this kind of annual energy demand, whether it is an electricityproducing technology or one that produces heat.
These data provide a benchmark with which to compare the energy that can be
provided by different types of microgeneration device.

18

“Domestic Energy Factfile (2006)”, BRE. http://projects.bre.co.uk/factfile/TenureFactFile2006.pdf
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A1.3 Solar Photovoltaics
In our report, we are recommending that in a normal situation PD rights should
be granted to householders to enable them to install roof-mounted PV arrays, as
long as they don’t exceed 60% of the roof ’s area (and as long as they don’t
stand too proud of the roof-plane). This should enable the vast majority of
‘typical’ installations to be implemented under PD rights. We recognise that the
best location to install an array is the roof plane that points closest to south, and
we further recognise that this may well be the front elevation of a house in
many cases. For this reason, unless the house is in a conservation area or
similar, we have recommended no restriction on the use of PV on front
elevations.
The Energy Savings Trust advises that a typical domestic PV system will have a
peak electrical output (measured in kWp) of around 1.5 to 2.0 kWp to make a
reasonable contribution to the electricity demand of a household.19 The size of a
system will vary depending on the availability of a suitable southerly facing roof,
the nature of the device itself, and the requirements and resources of the
householder, but a ‘typical’ 2 kWp array might have an area of perhaps around
15 m2.
For every kWp that is installed in the UK around 750 kWh of electricity can be
expected to be generated over the course of the year.2 So, for a 2 kWp device,
one might expect around 1500 kWh of electricity to be produced in a year,
representing about a third of the electricity demand of the ‘average’
house as discussed above. This will be reduced if the device is shaded or if the
installation is not at an optimal angle, and it will depend on being able to export
surplus electricity at times of low demand to balance out the electricity one
might need to import at times of low output (eg at night).

A1.4 Solar Hot Water
As with PV systems, in our report we are recommending granting PD rights to
solar hot water systems that aren’t too large and that don’t stick out above the
roof-plane too far. We have recommended the same area constraint as with PV
systems as there is little difference between the two in terms of planning
impact. This area constraint will certainly be big enough to accommodate the
vast majority of possible solar hot water installations.
The area of a solar hot water system depends on the nature of the technology
used. A ‘flat plate’ system covers more area than an ‘evacuated tube’ system.
The choice of device depends on the needs of a particular householder. A
‘typical’ flat plate system may have an area of up to perhaps 8-10m2; a ‘typical’
evacuated tube system might have an area of up to perhaps 3-5m2. Many are
smaller. A device would be sized on the basis of a householder’s peak hot water
demand – it wouldn’t make economic sense to make it bigger as, in most cases,
surplus heat cannot be sold to others.

19
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Such a device would be large enough to meet all of a household’s hot water
needs in the summer and make a useful contribution to hot water needs in the
winter, in support of a conventional boiler system (perhaps fuelled by
biomass!). Over a year, a solar hot water system could perhaps contribute
about a half of a household’s hot water needs.

A1.5 Heat Pumps
All heat pumps operate by consuming energy (usually electricity) and producing
heat at high efficiency. In fact because of the way it works, more energy (in the
form of heat) is produced by a heat pump than it consumes as electricity. In
most cases, the heat that a heat pump produces comes in the form of hot water
and a typical heat pump would provide that hot water at a temperature of
around 50-60 degrees Celsius. This makes it very suitable for use in, say, an
underfloor heating application, but this temperature is too low for a heat pump
to be simply ‘bolted on’ to an existing wet heating system using conventional
radiators. For this reason, when a heat pump is being installed as a ‘retrofit’, the
work is often done as part of a much bigger refurbishment of a house’s heating
system.
In theory, the recommendations we have made will enable, as PD, the
installation of ground or water source heat pumps that could be big enough to
provide all of the hot water and heating needs of a household. The
constraints on this tend to be the size of the heat source that is available (eg
land area), the cost of installation, and the possible need to completely revamp
the heating system, as discussed above.
The one constraint we have recommended relates to the risk of noise nuisance
from air source heat pumps, but if a suitable location for its installation can be
found (or noise emissions are suitably low) then we have recommended that
these could be PD. With regard to air source heat pumps in the UK, it is unlikely
that an air source heat pump could deliver all of the hot water and heating
needs, year round, because its performance is affected significantly by outside
air temperature. During winter therefore, an air source heat pump is used to
supplement a conventional boiler system.

A1.6 Micro Wind
In terms of planning impact, micro wind is the most complex microgeneration
technology. In our report, we have recommended that a physical size constraint
be used in establishing PD rights, on the basis of a turbine’s ‘swept area’,
amongst other considerations such as hub height and so on. We have
recommended a swept area limit of 3.14 m2, which is equivalent to a rotor
diameter of 2m for a ‘horizontal axis’ device (currently the most common type).
The swept area of a device influences its rated electrical output. As examples,
the following devices are currently on the market:
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Device

Rotor Diameter (m)

Rated Power Output (kW)

Windsave 1000

1.75

1 kW @12.5 m/s

Swift

2.1

1.5 kW @ 12.5 m/s

Stealthgen D400

1.1

0.4 kW @ 16 m/s

The actual yield of electricity from a device depends fundamentally on the wind
regime at the location in which it is installed and on the ability of the household
to use (or sell-on) the electricity at the time it is produced.
There is some evidence20 that suggests that, in practice, the annual energy yield
of small wind turbines in urban locations can sometimes be disappointing,
probably due to the complex wind regimes and turbulence that exists around
rooftops and the lack of real hard data to be able to accurately characterise
windspeed in these locations. Taking a relatively prudent approach, therefore, a
device rated at, say, 1 kW may be able to generate around 700-1000 kWh of
electricity in a year, although it may well be significantly more in a particularly
windy location. The ability to benefit from all of this electricity will depend on
being able to sell any surplus at the times you don’t need it yourself. This
amount of electricity represents around 15-20% of an ‘average’
household’s annual electricity needs.

A1.7 Biomass
Our recommendations will enable a biomass system to be installed that will
meet all of a household’s heating and hot water needs. As with other
microgeneration devices, for economic reasons biomass systems are sometimes
undersized in order to provide a ‘base-load’ of heat, which can then be
supplemented by other fuel sources at times of peak demand.

A1.8 Micro CHP
A micro CHP device would normally run just like a conventional boiler system –
ie it would be run on the basis of heat demand. Under these circumstances, it
could provide all of the hot water and heating needs of a household, no
matter how large, and would make a useful contribution to its electricity
needs – perhaps a few 10s of percent of annual electricity demand. It is not
possible to be more precise about this, as the electricity contribution of such
devices depends very much on the heat demand pattern of the household, on
the matching of this to electricity demand, and on the ability to sell-on surplus
electricity.

20
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A1.9 Micro Hydro
It is impossible to present a generic figure for the proportion of a householder’s
electricity needs that a micro hydro scheme could deliver as it depends
absolutely on the hydro-energy resource, which is so site specific. In theory, a
micro hydro device could deliver all of a household’s electricity needs,
but this does depend on so many factors (including the sell-on of surplus
electricity as discussed for other microgeneration devices above).

A1.10 Summary
Taking the above commentary, we can compile the following table that
summarises what kind of contribution ‘PD microgeneration devices’ could
make to an ‘average’ household’s annual energy needs. This table should be
read in conjunction with the above commentary on the constraints and
limitations that each of the technologies face.
Technology

Heating Needs

Hot Water Needs

Electricity Needs

Solar Photovoltaics

N/A

N/A

Around 30-50%

Solar Hot Water

—

Around 40-60%

N/A

Heat Pumps

100%

100%

N/A

Micro Wind

N/A

N/A

Around 15-20%2

Biomass

100%

100%

N/A

Micro CHP

100%

100%

Around 10-30%

Micro Hydro

N/A

N/A

100%3

1

1

please note that this applies to ground source and water source heat pumps only, and then only in the right
kind of circumstances as discussed above. Air source heat pumps are unlikely to be able to provide all of a
household’s hot water and heating needs.

2

we have taken a reasonably prudent position on wind. It is possible that in a particularly windy, perhaps rural,
location up to around 50% of a household’s electricity needs could be met.

3

the contribution that a micro hydro scheme can make depends fundamentally on the hydro-energy resource
at the site – this is very site-specific, but it could represent 100% of a householder’s electricity needs.
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Technology Characteristics
A1.1 Introduction
A1.1.1 INTRODUCTION
This Appendix 1 describes in some detail the main characteristics of the
different types of micro-generation devices considered in our study, with a focus
on those characteristics that have greatest planning impact.

A1.1.2 THE HOUSEHOLD CONSUMPTION OF ENERGY
When looking at what is can be considered to be a ‘reasonable’ scale for a
microgeneration device, it is important to discuss the context for these devices
in terms of how we use energy in our houses and how much energy we
consume.
We use two main forms of energy in our homes – electricity and heat.

• We use heat to warm the house to keep us comfortable, to provide us with
hot water, and sometimes to cook with. For most of us, we get our heat
from a boiler, usually fuelled by natural gas or oil.

• We use electricity to provide us with light, and to run all of our electrical

appliances in the house. Appliances range from the big items such as
electric cookers, fridges, freezers, dish washers and washing machines,
through to the small items such as radios, phone chargers, and alarm
clocks. Again, for most of us, we have a cable connected to the local
electricity distribution network, through which we receive our electricity
from a supply company.

Our consumption of energy changes through the day and varies with the
seasons. Our demand for heat in the winter is, not surprisingly, much more than
it is in the summer. Our demand of electricity is often highest in the morning
and in the evening when we are at home and are busy cooking, doing the
washing or making cups of tea.
Every house is different – a modern well-insulated house using state-of-the-art
energy efficiency measures will have a much lower energy demand than an old
house with draughty doors, no loft insulation and single-glazed windows. The
annual energy demand of a very large family is likely to be greater than for a
one-person household.
76

Technology Characteristics

What’s more, as a society our household energy demand is changing. Whilst
improving insulation might be reducing our consumption of fuel for the
production of heat, as we get more and more electrical gadgets, our
consumption of electricity is tending to go up.
Energy is measured in units called ‘joules’ (or in multiples such as kilojoules – a
thousand joules, megajoules – a million joules, gigajoules – a billion joules).
Power is measured in units called ‘watts’ (or kilowatts or megawatts) and is the
rate at which energy is consumed. At a household scale, just to make the
numbers manageable, we usually talk about kilowatts (kW for short). A 2kW
electric kettle consumes energy at a rate of 2 kilojoules every second. If the
kettle is on for two minutes (120 seconds), it will have consumed 240 kilojoules
whilst it has been switched on.
Just to confuse things, another unit of energy is ‘kilowatt-hour’ (or kWh for
short). When we look at our electricity or gas bills, and we talk about how many
‘units’ we have used, we are actually talking about kWhs. Just to give a sense of
scale, one kWh is the amount of energy consumed by a one-kilowatt electric
heater that has been left on for one hour. If a kettle with a power rating of 2kW
is used for, say, 15 minutes in total during a day, it will have consumed 0.5kWh
of electricity during that day. And as a final example, if a 3kW gas boiler is
burning gas for two hours during a day, it will have consumed 6kWh of gas.
One kWh equals 3600 kilojoules.
There are extensive sets of data relating to how energy is used in our homes,
broken down by types of property and broken down into different forms of
energy.1 From these data, and despite the wide range of energy consumption
patterns that exist in our housing stock, we can draw the following conclusions
about our use of energy in housing (2004 data):
Average total energy consumption per household – 79.8 gigajoules per
year. This equals about 22,000 kWh per year (from Table 68 of reference 1 –
see footnote ). About 60% of this energy is used for space heating, 24% for
producing hot water, 3% for cooking, and 13% for electrical appliances and
lighting.
On average over the total UK housing stock, 71.9% of our energy comes from
gas, 20.5% of our energy comes from electricity, 5.0% of our energy comes from
oil, and 2.6% of our energy comes from solid fuel (from Table 73 of reference 1
– see footnote).
From these data, we can therefore say the following (with the cautious use of
the word ‘average’):
In an ‘average’ house, about 4500 kWh of electricity is used each year.
An ‘average’ house uses about 13200 kWh of energy for space heating
each year

1

“Domestic Energy Factfile (2006)”, BRE. http://projects.bre.co.uk/factfile/TenureFactFile2006.pdf
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An ‘average’ house uses about 5300 kWh of energy to produce hot
water each year.
In thinking about the scale of microgeneration devices, therefore, we consider a
‘reasonable’ sized household device would make a significant contribution to
meeting this kind of annual energy demand, whether it be an electricityproducing technology or one that produces heat.

A1.1.3 WHAT ARE ‘MICRO-GENERATION TECHNOLOGIES’?
Most households in the UK now have some understanding of the costs of using
energy, in both economic and environmental terms. One of the ways in which
theses costs can be reduced is with the use of ‘micro-generation’
technologies in which householders produce their own heat or electricity from
highly efficient or renewable energy sources. These technologies are seen by
many as being able to make a meaningful impact on reducing pollution and
providing secure and sustainable energy at an acceptable cost.
Micro-generation technologies can be split into two main categories. There are
the technologies that generate electricity or heat from a renewable energy
resource (such as wind or solar energy) and the technologies that can enhance
the efficiency of energy generation and can generate close to the consumer. The
Energy Act 20042 defines ‘micro-generation’ as being the generation of
electricity or the production of heat in any plant that relies wholly or mainly on
a source of energy or a technology listed below, and the capacity of which is less
than 45 kilowatts (kW) of heat or 50kW of electricity:
Biomass
Biofuels
Fuel cells
Photovoltaics
Water (including waves and tides)
Wind
Solar power
Geothermal sources
Combined heat and power sources
Other sources of energy and technologies for the generation of electricity or
the production of heat, the use of which would, in the opinion of the Secretary
of State, cut emissions of greenhouse gases in Great Britain.

2
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These output levels (45kW of heat and 50kW of electricity) are, in fact, relatively
high compared with the energy needs of a ‘typical’ household as described
above. For instance, an ‘average’ household’s electricity needs (4500 kWh, or
thereabouts) could be met by a micro-wind turbine of less than 3kW output, as
long as it is in a relatively windy location – this is an order of magnitude smaller
than the ‘legal’ definition of microgeneration in the Energy Act.
The micro-generation technologies covered in our study are:

• Solar photovoltaic
• Solar hot water
• Heat pumps (air source, water source and ground source)
• Micro wind
• Biomass
• Micro combined heat and power (micro-CHP)
• Micro hydro
• Passive solar design features.
In all cases, our focus is on those types of device or system that can be retrofitted
to existing buildings, and in all cases our focus is on domestic properties.
Each of the above technology types is described in the following sections of this
Appendix.

A1.2 Solar Photovoltaics
A1.2.1 INTRODUCING THE TECHNOLOGY
Photovoltaic (PV) cells operate by converting energy from the sun into
electricity. These devices do this by the using semiconductor materials to absorb
photons of light and then convert part of the energy contained within the
photons to electricity. This process is known as the photoelectric effect.
PV devices were traditionally used in exotic applications such as the space
industry, but as costs have fallen and the technology has improved the use of PV
devices have become more widespread in domestic electricity applications.
Solar PV can be connected to the mains electricity grid by connecting the
system through an inverter. This adds benefit by providing a secure supply of
electricity when the system is not generating and allows the export of excess
electricity back into the grid. Solar PV can also be used for systems that are not
connected to the grid; these types of system are known as stand alone systems
and are usually connected to a back up energy supply and an energy storage
system such as batteries.
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How the technology works
A PV cell consists of thin layers of semi-conducting material such as silicon.
When the material is exposed to light it causes electrons to be released from the
atoms, these electrons can then be extracted from the semiconductor material
through metal contacts as electrical direct current (DC). The electrical output
from a single cell is usually in the order of a few watts. To provide useful
quantities of electricity, multiple cells are connected together and enclosed in a
transparent case to form a module. PV modules can be connected together to
form a PV system, any number of modules can then be connected together in a
variety of configurations to give the desired electrical output.
Solar PV cells can be categorised into three groups based on the type of material
used as the semiconductor. These are listed below.
Monocrystalline silicon
The PV cell consists of a slice of a large single crystal of silicon. This type of cell
has a good efficiency but has an increased cost due to the energy intensive
processes used to grow the crystals.
Polycrystalline silicon
This type of material is made from a block of small irregularly shaped silicon
crystals, the performance of the cell is reduced but the cost is also less than that
of monocrystalline cells.
Thin film materials
Thin film cells offer the benefits of having less semiconductor material used in
their manufacture. This reduces cost of the material and allows PV cells to be
mass produced. The disadvantage to theses devices are that the current
methods of production yield lower performance cells.
Different designs
Solar cells themselves are relatively small with a typical cell having an area of
between 10 and 100cm2, this allows the cells to be connected in a wide range of
configurations to produce devices for the installation on domestic buildings.
These devices can be panels, tiles, or integrated into glass facades.
Solar PV panels
Solar panels are the most common method of using PV in buildings. The panels
can vary in size depending on the power output required. The panels can be
simply bolted onto the existing roof or they can be embedded into the roof
structure which will minimise the roof profile of the system. If solar panels are
incorporated into the roof structure then it is important to ensure the integrity
of weatherproofing is maintained.
It is also important to keep the panels well ventilated as if PV cells are
overheated then the performance of the system will be reduced. Figure A1.2.1
shows a typical range of PV panel.
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Figure A1.2.1 Typical Solar PV Panels (Source: BP Solar)

Solar roof tiles
PV cells can be built into tiles that fit with existing roof tiles; this allows PV to
blend in with the existing building and reduces the visual impact of the system.
PV tiles come in a range of standard sizes to enable retrofitting of roofs. Figure
A1.2.2 shows an installation of solar tiles.

Figure A1.2.2 Typical Solar PV Tile (Source: Solar Century C21 Tiles)
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Building integration
As PV is becoming more accepted as a building material, more ways are being
developed of incorporating it into buildings, some of these methods are PV
louvres, semi transparent facades and PV incorporated into windows.
Developments in thin film PV technologies have led to a wider variety of
applications such as flexible cells and semi-transparent PV glass. It is likely that
as the technology matures then further novel applications will be found to
incorporate PV into buildings. An example of building integrated PV is shown in
Figure A1.2.1.3

Figure A1.2.1 Example of Building Integrated PV (Source: Zicer Building East Anglia
University

Solar tracking devices
The electrical energy produced by a PV device depends fundamentally on the
amount of sunlight it receives. To improve the energy production of the panels
they can be mounted on a frame that tracks the movement of the sun, so
maximising the amount of sunlight hitting the device at all times of the day. This
can be done with either manual or electronic control. While it is far more
common to have a fixed mounting, tracking mechanisms can improve energy
generation by up to 30%. The major disadvantage to using a tracking system is
the added cost of the system and of its maintenance. Figure A1.2.2 shows a PV
tracking system.

3
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Figure A1.2.2 Solar PV Tracking (Source: Solar Trackers)

The scale of technology for household application
The Energy Savings Trust7 advises that a typical domestic PV system will have a
peak electrical output (measured in kWp) of around 1.5 to 2.0kWp to make a
reasonable contribution to the electricity demand of a household4. The size of
systems will vary depending on the availability of a suitable southerly facing roof
and the requirements and resources of the householder.
For every kWp that is installed in the UK around 750kWh can be expected to be
generated over the course of the year.7 So, for a 2kWp device, one might expect
around 1500 kWh of electricity to be produced, representing about a third of
the electricity demand of the ‘average’ house as discussed in Section A1.1.2 of
this Appendix. This will be reduced if the device is shaded or if the installation is
not at an optimal angle.
For a domestic household the solar PV device can either be grid connected to
provide a secure electricity supply or it can be a stand alone system which will
usually have a back up generator and storage system such as batteries to
provide a stable power supply.
Grid connection of PV panels enables power to be exported to the grid when it
is not being used in the house.
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A1.2.2 THE CHARACTERISTICS OF SOLAR PV
An introduction to the characteristics considered
The planning characteristics that should be considered for Solar PV
technologies are mainly related to the physical size of installations and the effect
they will have on a domestic building’s appearance. PV systems are generally
mounted on southerly facing rooftops and so the greatest impact will be on the
alterations to the roof appearance. The following characteristics have been
considered in this review:

• Visual impact
• Mounting superstructure
• Shading of adjacent properties
• Mass of systems
• Electrical safety
• Access for maintenance
Visual impact
The physical characteristics of typical systems can vary hugely due to the
modular nature of PV systems. Systems can be installed as small systems of a few
hundred watts to large systems of tens of kilowatts. As discussed above, a typical
domestic PV system will have a peak electrical output of around 1kW to 2kW
and would need an area of around 9 to 18m2. This would typically consist of
around 10 to 20 large PV panels or around 20 to 40 PV tiles.5
PV modules are available in a variety of colours and finishes depending on the
type of semiconductor and coatings that have been applied during manufacture.
PV modules tend to be dark non-reflective colours ranging from dark blue to
black.
As with any glass structure there will be a certain level of glare and reflection of
sunlight when the sun is at certain heights over the course of the year. This is
likely to be minimal as solar PV cells are usually coated with an antireflective
coating to maximise light absorption and reduce reflection. Some reflection will
undoubtedly be caused but this should be of minimal effect to neighbouring
properties.
A range of typical modules were studied and the dimensions of these devices
have been summarised in Table A1.2.1. The modules investigated included
products accredited under the Department of Trade and Industry Low Carbon
Buildings Program.6
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Table A1.2.1 Characteristics of Solar PV modules
Type of PV Device

Approximate Area (m2)

Approximate Power Range (W)

Small PV Panel

0.25 to 0.5

25 to 50

Medium PV Panel

0.5 to 1.0

50 to 100

Large PV Panel

> 1.0

>100

PV Tile

0.25 to 0.5

25 to 50

PV Laminate*

Up to 7.5

Various

* PV laminates can be provided in any size as required.

Solar PV can be mounted onto buildings in a wide variety of ways, they can be
panel mounted, integrated into a roof or wall or placed on a mounting
superstructure if a flat roof is available. It is also possible to mount the devices
on the ground if a suitable area of un-shaded ground is available.
To maximise the energy that will be produced from the solar energy system it is
crucial to position it so that it faces toward the sun for the majority of the day. In
the UK this means facing within 90° of south and being tilted at an angle of
between 30 to 40° to horizontal depending on the latitude of the installation. As
a rough guide the angle of inclination should be the latitude minus around 20°.
It is also important not to position the system where it will be shaded for large
parts of the day as this will dramatically reduce the power output. Typical
objects that will provide shading are buildings, chimneys and trees.
Some types of PV cells can be produced as laminate sheets. These can be used
for building facades, canopies, louvres and rain screens. These devices can be
used to provide shading and generate electricity within a household. Building
integrated PV should be carefully designed and their performance will generally
be less than for an equivalent sized PV panel as they are often balanced between
aesthetics appearance and performance.
PV tiles and laminates form part of the structure of a building and therefore,
when installed, they need not alter the shape or line of a roof or wall (unless
there is a need to do so to achieve the optimal orientation, or because there is a
need to extend the roof or wall to get the area needed to provide the electrical
output required). PV panels, however, are mounted proud of the roof or the
wall and require a small air space between it and the roof to provide cooling.
For a typical installation, the surface of the PV panel is around 12 cm above the
roof line (or proud of the wall).
Figure A1.2.5 shows a typical installation of an array of twelve PV panels on the
roof of a domestic house (along with the installation of a solar hot water
device).
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Figure A1.2.5 Installation of PV Panel on a Domestic Roof (on left of photo) (Source:
Chelsfield Solar)

Mounting superstructure
For certain installations it may be desirable to mount the solar PV on a structure
or frame. This will be applicable to households where a suitable south facing
sloping roof is not available. A sloping frame can be placed on a flat roof or on
the ground. The main impact from this type of installation is that of introducing
a new structure onto the roofline.
There would also be an issue of security if the systems were mounted on the
ground as this would allow ease of access; this would be beneficial from a
maintenance perspective but could lead to increased damage from accidents
and vandalism.
Shading of adjacent property
In certain circumstances, a solar PV system can cause shading of neighbouring
properties. This will be an issue particularly in densely populated urban areas at
certain times of the year when the sun is low in the sky. The effects of this
shading can be calculated before a system is installed to keep the loss of
amenity to a minimum. This shading issue will generally affect only systems
mounted on a superstructure that changes the existing roof profile.
Mass of systems
Solar PV systems are often retrofitted to existing roofs. It is important to
consider the impact that this added structure will have on the load bearing
properties of the roof. While roof integrated PV will add an additional mass, PV
that is mounted on a superstructure frame will also have forces due to strong
gusts of wind. It is important to ensure that the roof is in sound condition and is
capable of accommodating the new structure. Table A1.2.2 below shows the
typical mass of a range of solar PV modules.
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Table A1.2.2 Typical PV Module Mass
Type of PV Device

Approximate Mass (Kg)

Small PV Panel

3.4 to 6.0

Medium PV Panel

6.0 to 12.0

Large PV Panel

12.0 to 20.0

Solar PV Tiles

5.0 to 10.0

Solar PV Laminates*

Various

* PV laminates can be provided in any size as required.

Electrical safety
Solar PV systems are electricity generating devices and so caution must be
exercised in their operation and maintenance. If a system is mounted within
reach of a window that provides easy access to the system then it may constitute
a potential risk. All the electrical work should be installed safely and appropriate
signs should be placed on equipment to indicate the risk to residents.
Access for maintenance
PV systems generally do not require a great deal of maintenance but some may
be required over their lifetime. The solar panels should be kept clean and free
of debris if they are to operate effectively and they may require parts to be
replaced such as diodes and fuses. The tilt angle will provide some level of self
cleaning due to rainwater running over the surface of the devices and in a
typical domestic dwelling access is likely to be gained to the system by ladder.

A1.2.3 THE FUTURE DEVELOPMENT OF TECHNOLOGY
The materials used to construct PV devices are constantly being researched and
developed. It is likely that advances in materials science and physics will lead to
new types of PV cell being produced in the future. This has implications on how
the devices are used and this should allow PV to become a common building
material, particularly in urban areas where other renewable energy technologies
are not suited.
The next generation of solar cells will be known as third generation PV; these
are likely to be advanced thin film cells along with new developments such as
organic and dye-sensitised PV. These cells consist of materials such as carbon
and other compounds instead of silicon. These devices try to mimic the
reactions that occur in plant photosynthesis to produce electricity.
One of the advantages of third generation PV cells are that they can be
integrated into plastic or other building materials and can be either transparent
or have colour that makes them useful for creative architecture and design.
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A1.3 Solar Water Heating
A1.3.1 INTRODUCING THE TECHNOLOGY
How the technology works
Solar water heating employs a solar collector to absorb heat from the sun and
concentrate it to provide heating for domestic hot water. The types of system
range in complexity from simple plastic tubing on a roof for heating swimming
pools to advanced evacuated tube collectors which can offer improved
performance in cloudy conditions. A suitably sized system will typically provide
50% of a households hot water needs over the year.7 The systems can usually
provide all the hot water needs over the summer months and requires back up
from conventional heating methods at other times. Solar water heating can
provide an effective means to reduce fossil fuel energy consumption,
particularly if mains electricity is used for water heating.
A typical solar water heating system is shown below in Figure A1.3.11. The main
variations on a typical system will be in the type and size of collector that is used.

Figure A1.3.11 Typical Solar Water Heating System (Source: European Solar Thermal
Industrial Federation)

7
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Different designs
Unglazed solar collector
This is the simplest method of heating water from the suns energy. The system
consists of plastic tubing or a metal collector plate that is fitted onto a roof.
Water is pumped round the system and heated as it passes through the plate or
tubing. This method is only suitable for low grade heating such as outdoor
swimming pools and this will limit the use of such devices in the UK.
Glazed flat plate collector
There is a wide variety of flat plate solar collectors on the market, but they all
operate on the same principle and have a similar design. They consist of a cover
system, an absorber plate, fluid flow passages, thermal insulation and a frame
structure to allow the system to be mounted. Figure A1.3.12 shows a typical
design.

Figure A1.3.12 Typical Flat Plate Collector (Source: ZENSOLAR/ESTIF)

The devices differ in the types of material that is used and in the approaches as
to how the fluid flows in relation to the collector plate. To increase the
performance, a wide variety of Solar Selective Coatings (SSC) can be used on
the absorber plate to limit the heat losses. These coatings will vary in colour but
tend to be dark blue or black.
If the devices are to be used in climates such as the UK where freezing is
possible then it is advisable to use a transfer fluid that contains antifreeze. A
heat exchanger can then be used to transfer heat to the domestic hot water
storage tank. This type of system is known as a closed loop system. The other
type is an open loop system which feeds directly into the domestic water tank.
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Open loop systems can avoid problems from cold weather by using flexible
piping in the collector that will not be damaged if frozen.
Evacuated tube collector
Evacuated tube solar collectors operate in the same principle as a vacuum flask.
This type of device uses a vacuum inside the tube collectors to insulate the fluid
against heat loss and is more useful in cooler climates with less direct sunlight.
Figure A.1.3.1.38 shows the typical design of an evacuated tube solar collector.

Figure A.1.3.1.3 Typical Evacuated Tube Collector (Source: SCHOTT-Rohrglas/ESTIF)

The scale of technology for household application
A typical household system is recommended by the Energy Savings Trust to be
between 2 to 4m2. The size of system required will depend on the number of
residents in the household, the hot water demand and the area available for
fitting the system. A well designed solar water heating system can provide
around 50% of a household’s hot water requirement.9 The device may be able to
provide all the hot water during the summer months but will almost certainly
require a conventional system to provide the shortfall during the winter.
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A1.3.2 THE CHARACTERISTICS OF SOLAR WATER HEATING
An introduction to the characteristics considered
We consider that the key characteristics from a planning perspective are:

• Visual impact
• Mounting superstructure
• Shading of adjacent properties
• Noise from pumping systems
• Proximity to openable windows
• Mass of system
• Access for maintenance
Visual impact
Solar heating devices are available in a wide range of designs and shapes to suit
the needs and requirements of the user. The dimensions of some typical
designs have been summarised and are given below in Table A1.3.1. This table
represents single devices, a solar water heating system will usually consist of
several of these devices connected together to meet the needs of the
householder. The devices investigated included products accredited under the
Department of Trade and Industry Low Carbon Buildings Program.10
Table A1.3.1 Typical Solar Water Devices
Type of SWH Device

Approximate Area (m2)

Flat Plate Collector

0.8 to 9.0

Evacuated Tube

1.2 to 3.0

The solar water heater’s appearance will vary depending on the design and
coatings that have been applied. Typical devices tend to be dark blue or black to
enhance the ability to absorb heat from the sun. Some types of device can
resemble a skylight or loft window in appearance.
As with any glass structure there will be a certain level of glare and reflection of
sunlight when the sun is at certain heights over the course of the year. This is
likely to be minimal and no greater than conventional glazing. Some light
reflection may be caused but this will be transitory as the sun moves in the sky.
Solar water heaters can be mounted onto buildings in a wide variety of ways,
they can be panel mounted, integrated into a roof or wall or placed on a
mounting superstructure if a flat roof is available. It is also possible to mount
the devices on the ground if a suitable area of un-shaded space is available.
As with PV systems, to maximise the energy that will be produced from the
device it is crucial to position it so that it faces toward the sun for the majority
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of the day. In the UK this means facing within 90° of south and being tilted at an
angle of between 30 to 40° to horizontal depending on the latitude of the
installation. As a rough guide the angle of inclination should be the latitude
minus around 20°.10
It is also important not to position the system where it will be shaded for large
parts of the day as this will energy output from the system. Typical objects that
will provide shading are buildings, chimneys and trees.
Most solar hot water systems that are retrofitted to a building are likely to be
panels that sit proud of the roof or wall. For a typical installation, the surface of
the hot water panel is around 10 cm above the roof line (or proud of the wall).
Figure A1.3.4 shows a typical installation of two hot water panels on the roof of
a domestic house (along with an array of twelve PV panels).

Figure A1.3.4 Installation of Solar Hot Water Panels on a Domestic Roof (on right of
photo) (Source: Chelsfield Solar)

Mounting superstructure
For certain installations it may be desirable to mount the solar water system on
a structure or frame. This will be applicable to households where a suitable
south facing sloping roof is not available. A sloping frame can be placed on a flat
roof assuming that it can be safely mounted. The main impact from this type of
installation is that of visually altering the roofline.
Shading of adjacent properties
In certain circumstances a solar water system can cause shading of
neighbouring properties. This will be an issue particularly in densely populated
urban areas at certain times of the year when the sun is low in the sky. The
effects of this shading can be calculated before a system is installed to keep the
loss of amenity to a minimum. This shading issue will generally affect only
systems mounted on flat roofs that have a mounting superstructure and change
existing roof profiles.
10
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Noise from pumping systems
Most of the solar water systems available rely on electrical pumps to move the
thermal fluid around the system. While these pumps will often be mounted
within the householder’s property care should be taken to mitigate any noise
nuisance from externally mounted pumping systems. Modern pumping systems
will generally not be louder than a domestic fridge.
Mass of system
Solar water heating systems are often retrofitted to existing roofs. It is important
to consider the impact that this added structure will have on the load bearing
properties of the roof. While roof integrated solar water heaters will add an
additional mass, systems that are mounted on a superstructure frame will also
have forces due to strong gusts of wind. It is important to ensure that the roof is
in sound condition and is capable of accommodating the new structure. Table
A1.3.2 below shows the typical mass of a range of solar water heating devices.
Table A1.3.2 Typical Mass of Solar Water Heaters
Type of Device

Approximate Mass (Kgs)

Flat Plate Collector

11.0 to 175.0

Evacuated Tube Collector

20.0 to 45.0

Access for maintenance
Solar water systems operate more effectively when they have a clean collector
face. Dirt and debris will built up over time and will require regular cleaning.
The tilt angle will provide some level of self cleaning due to rainwater running
over the surface of the devices and in a typical domestic dwelling access is likely
to be gained to the system by ladder.

A1.3.3 THE FUTURE DEVELOPMENT OF TECHNOLOGY
Solar water technologies are well developed and are widely used in many
countries across the world. It is likely that mass production will lower the cost of
devices and increase the use of solar water heating devices. It is not expected
that the collector characteristics will change substantially over the next 5 to 10
years as it is expected that flat plate collectors and evacuated tubes will remain
the most popular type of device.
New developments within solar thermal technologies are expected to be in
designing a wider range of systems that can be compatible with the wide variety
of existing boiler systems.
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