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Foreword
One of Changeworks’ main aims is to provide people with the
information they need to make choices that lessen their impact
on the environment, enabling them to lead safer, healthier and
more fulfilled lives.
This document encourages and facilitates a reduction in fossil
fuel use in traditional and historic homes through the integration
of renewable energy systems, and came about as a result of
Changeworks’ Renewable Heritage project. Renewable Heritage
introduced clean energy technologies into traditionally-built,
listed properties in Edinburgh’s Old Town, a Conservation Area
and part of the UNESCO World Heritage Site. This work built on
the success of Changeworks’ earlier energy efficiency project,
Energy Heritage, which has subsequently been nationally and
internationally recognised as an example of best practice.
Renewable Heritage has shown that the sustainability and
efficiency of energy in historic homes can be furthered by
sensitive and appropriate use of clean energy generation systems.
Such systems help minimise the risk of fuel poverty amongst
householders in these homes, without adversely affecting the
historic and architectural character of these valuable buildings.
Leading by example, the Renewable Heritage project demonstrates
how the sustainability of traditional and historic homes across
Scotland can be improved, enabling them to contribute to local and
national carbon reduction targets.

Councillor Ian Perry
Convenor – Changeworks
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A fine example of Edinburgh’s historic buildings (reproduced courtesy of Edinburgh World Heritage)
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Supporting statements
Edinburgh World Heritage:
“Edinburgh World Heritage is very pleased to continue working in partnership with Changeworks,
in shaping the future of energy saving and renewables in traditionally-built homes. The Old and
New Towns of Edinburgh were inscribed as a World Heritage Site by UNESCO in 1995, and
the Site contains the largest concentration of listed buildings in Scotland. Edinburgh’s pre-1919
building stock was largely constructed of regionally sourced sandstone, timber, slate and glass,
and the embodied energy in the buildings makes them inherently sustainable. While much of
the city’s mid-20th-Century building stock is coming to the end of its life, Victorian and Georgian
stone-built properties remain prime examples of sustainable construction. Making these buildings
energy efficient through simple measures (such as the reuse of traditional shutters) adds to a
building’s energy performance and the inhabitants’ comfort. The sensitive addition, on a case-bycase basis, of renewable technologies can further enhance a building’s energy performance and
help reduce fuel poverty, with zero impact on its cultural heritage value”

Adam Wilkinson, Director

The Cockburn Association:
“This practical guide demonstrates that it is possible to generate our domestic energy needs from
natural resources whilst still maintaining the special character and integrity of our historic homes.
We welcome Renewable Heritage as an indispensable guide for householders seeking to install a
renewable energy system in a sympathetic way”

Moira Tasker, Director

Royal Incorporation of Architects in Scotland:
“In the context of target setting by governments, it is encouraging to see guidance about actual
solutions. Dealing with the (poor) energy performance of the existing building stock is one of the
more testing aspects of meeting ‘sustainability’ targets; and traditional and historic buildings have
specific challenges. Microgeneration in its various forms may not be suitable for all applications,
but this guidance shows how appropriate technologies can be applied to traditional and historic
dwellings, one of the sectors where it is most difficult to achieve affordable and practical energy
improvements”

Andrew Leslie, Depute Secretary (Practice)

Scottish Ecological Design Association:
“Following their 2008 report ‘Energy Heritage’, which demonstrated through case studies the
reduction in energy use possible in historic buildings, Changeworks’ new study turns to the
provision of energy from micro-renewables. The full range of micro-renewable technologies is
explored, together with their effect on the fabric and appearance of historic buildings. This is a
most valuable report, which should help to promote the wider adoption of renewable technologies
where appropriate, with a consequent reduction in carbon emissions and energy costs to the
householder”

Richard Atkins, Chair
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How to use this guide
This guide should be read in conjunction with its sister publication Energy
Heritage, published by Changeworks in 2008. Covering all aspects of energy
efficiency in traditional and historic homes, Energy Heritage is available online
at www.changeworks.org.uk/uploads/83096-EnergyHeritage_online1.pdf; hard
copies are available from Changeworks.

PART

This document provides detailed guidance for on-site renewable energy
generation in traditionally built homes, and those that may be protected due
to their historic character. The guide is divided into three parts, and covers the
following questions:

A

What issues affect microgeneration in historic buildings?
Part A outlines the nature of traditional and historic homes, and the opportunity
presented by renewable energy and microgeneration to increase the
sustainability of these valuable buildings.

PART

B

How can microgeneration equipment be installed in
historic homes?
Part B provides guidance on the selection and installation of microgeneration
technologies in historic homes. All the main microgeneration technologies are
covered.

PART

C

What lessons can be learned from other experiences?
Part C describes a case study of a groundbreaking solar water heating
installation project carried out on c.50 flats (Georgian, Victorian and 1980s)
in tenements (a traditional Scottish dwelling type with a common stair) in
Edinburgh’s World Heritage Site. The background to the project is detailed,
together with the system selection, planning and installation processes, and
other key areas of consideration.
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Solar water heating panels in Edinburgh’s World Heritage Site, installed for the Renewable Heritage project

Page 8

A
A1 | Introduction

A1

Introduction
There is a growing interest in generating clean, renewable energy to provide heat and power
to domestic properties. However, due to the relative youth of small-scale renewable energy
in the UK, it can be difficult knowing what options are available and how they vary in different
situations.
In the right conditions, generating energy in the home can be
extremely effective and sustainable. The keys to success are a
good understanding of the technology, and knowing what will and
won’t work in different situations. One of the biggest variables in
determining suitability for a renewable energy technology is the
vastly differing range of properties in the UK.
This guide provides information and advice on installing
microgeneration technology in a traditional or historic home. While
some information is general, wherever possible the content is
tailored in relation to older and historic properties.
Traditionally-built properties can pose challenges, particularly
where a property is protected by its historic status (through listing,
for example). In many cases a different approach is required than
may be recommended for a modern house, in order to balance
technical challenges, cultural values and sustainable energy.

‘The conservation and
management of the historic
environment contributes directly
to sustainability in a number
of ways. These include the
energy and materials invested
in a building, the scope for
adaptation and reuse and
the unique quality of historic
environments which provide a
sense of identity and continuity
in a period of rapid social and
economic change.’
(Scottish Government, 20081)

For background information and detailed guidance on the
issues surrounding energy and traditionally-built homes, a sister
publication Energy Heritage was published by Changeworks
in 2008, with support from Eaga Charitable Trust and
Edinburgh World Heritage. This comprehensive guide deals
with all aspects of energy efficiency in traditional and historic
homes, and is available online at www.changeworks.org.uk/
uploads/83096-EnergyHeritage_online1.pdf; hard copies are
available from Changeworks.

A1.1

WHAT IS RENEWABLE ENERGY?

At present we rely primarily on fossil fuels to meet our energy
demands; these are a finite source of energy and will run
out. Burning fossil fuels to generate our energy creates
environmentally damaging greenhouse gas emissions, which
are contributing to changes in the global climate.
‘Renewable energy’ is energy that comes from a constant and sustainable source, which does not harm
the environment. These sources are predominantly natural, and mostly stem from the sun. Energy can be
harnessed from solar radiation, wind, waves, tides, running water, waste and plant matter, and heat in the
ground, air and water.

1

Scottish Planning Policy 23: planning and the historic environment (Scottish Government, 2008)
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A1.2

WHY RENEWABLE ENERGY?

There are many drivers forcing a move towards renewable energy. These include climate change,
escalating fuel prices, over-dependence on foreign fuels, instability of supply, electricity transmission
losses, dwindling fossil fuels and so on.
The increasing need to generate clean and renewable energy is reflected in the growing number of
Government targets. These targets can be confusing, relating as they do to different things such as
carbon, carbon dioxide, electricity, heat, or energy in general. They range from long-term goals, such
as an 80% reduction in UK CO2 emissions by 2050, to more immediate targets: 31% of Scotland’s
electricity is to come from renewable sources by 2011 (rising to 50% by 2020).

A1.3 WHAT IS MICROGENERATION?
‘The global economy, environment
and social structures are
increasingly affected by climate
change issues, whether it is the
devastating environmental effects
of flooding and storms on people
and land, the depletion of nonrenewable resources and closer to
home – rapidly increasing energy
prices. The UK climate is changing
more rapidly than in the past. These
changes, including rising sea levels,
increased rainfall and increasing
intensity of rainfall and storms, have
the potential to cause considerable
damage to the historic environment.’

Renewable energy often invokes an image of a hillside wind
farm. Large wind turbine farms, tidal power, hydropower plants
and solar farms are all forms of renewable energy designed to
generate energy on a massive scale.
However, clean renewable energy can also be generated on site
and on a much smaller scale. This is known as ‘microgeneration’
(also called ‘micro-renewables’, ‘micropower’ or ‘small scale
renewable energy’), and is used to power individual buildings or
communities, commonly using systems of up to 50kW in power.
The predominant microgeneration technologies are listed below:
●
●
●
●

(Historic Scotland2)

●
●

Solar water heating
Biomass (wood) stoves and boilers
Heat pumps
Small scale wind turbines
Small scale hydro turbines
Photovoltaics (solar electricity)

These technologies generate either heat or electricity, and can be used to provide space heating, hot
water, or to power lighting and appliances. Some systems provide more than one option. Electricitygenerating systems are commonly used to power lighting and appliances, but can also provide
heating and hot water where these systems are electric. The System Overview table in section B1.14
identifies what is provided by each technology.
Microgeneration has a considerable advantage over national energy supplies, in that far less energy
is lost in transmission as the energy source and its point of use are so close. Increasing emphasis is
being placed on local energy generation as a long-term solution to achieve sustainable energy supply,
and nothing is more local than on-site generation.
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Microgeneration in traditional
and historic buildings
‘In many cases, the historic
environment can accommodate
change and in these cases, the
emphasis is on the informed and
sensitive management of change.’
(Scottish Government, 20083)

Gants Mill hydropower system (© British Hydropower Association)

Microgeneration can be extremely effective in older and historic homes, however the way
different technologies work or are installed can make them better suited to certain types
of property. Care is needed when assessing any potential installation to ensure the chosen
technology is compatible with the property. There are several key areas to be considered:

Technical

Material

Visual

Balancing interests

Traditionally-built
homes work in a
different way to
modern properties,
and what may be
appropriate for a
modern property
may not always
be appropriate for
an older building.
Air circulation,
insulation standards,
ventilation levels and
building techniques
all vary widely4.

Traditionally-built
properties are
constructed from
different materials
to those in modern
properties. With a
historic building,
the original
building fabric is
important, and
care must be taken
to avoid damage
or excessive loss
particularly where
the materials are
fragile.

Where a property
is protected due to
its historic status,
proposed changes
to the external or
internal appearance or
its setting should be
carefully assessed. The
external appearance
applies not only to
the householder’s
perspective, but to
the appearance of
a property from a
range of vantage
points, including other
properties.

For historic properties, building
conservation bodies place great
importance on retaining the
original building fabric; planning
departments, local amenity
groups and neighbours are often
most concerned with visual
impact; national environmental
targets place a priority on
minimising greenhouse gas
emissions; meanwhile, the
householders themselves may
prioritise comfort, low fuel bills
or low carbon emissions. Careful
negotiation can be needed to find
solutions that satisfy all parties.

The specific issues surrounding each technology are covered in the relevant sections of this guide.
3
4

Scottish Planning Policy 23: planning and the historic environment (Scottish Government, 2008)
Energy Heritage (Changeworks, 2008)
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Planning and the
historic environment
People’s lifestyles and needs change with time, and for a
building to be sustainable and continue serving its purpose,
it often needs to adapt as well. The fundamental purpose of a
domestic building is to provide a living space. In some cases
a building’s appearance or history lends it a certain cultural
importance.
‘Change should be managed to protect a building’s special
interest while enabling it to remain in active use’5. Conservation
is often defined as ‘management of change’, and this approach
is vital when installing a modern microgeneration system
in an older or protected property. Planning and building
conservation bodies are often keen to support sustainable
energy, and can help ensure that any changes do not harm a
property’s historic character.
In many cases, any proposed change to a historic property will
need formal permission in order to proceed. Full details of the
different permissions, and application processes, are provided
in section B1.4.
If proposed works are considered inappropriate or unsuitable,
the local authority is likely to reject the application. Such a
proposal can be altered and re-submitted. Planning authorities
have enforcement procedures to reverse works that do not
have the necessary consents.

‘‘The keys to successful
inclusion of microgeneration
systems in historic
properties are a good

understanding both
of the buildings and
the technologies, a
sensitive approach,
and flexibility on all
sides. Planning authorities
and developers will both
need to be flexible in
considering locations so as
to ensure an adequate

balance is struck
between maximising
energy production
and minimising
unwelcome visual
impacts’’ .
6

5
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Solar installations at Lister Housing Co-operative in Edinburgh
(© Crown Copyright, image reproduced courtesy of Historic Scotland)
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Key considerations
B1.1

INTRODUCTION

© Crown Copyright,
image reproduced courtesy of
Historic Scotland’

The first steps with any potential microgeneration installation should be to
reduce the amount of energy needed in a property, and ensure it is in good
repair. Not only can this make the microgeneration system more efficient,
it may allow a smaller and cheaper system to be installed. When spending
time and money on clean energy sources it is important to ensure the energy
generated is not wasted through inefficiencies. Likewise, poor maintenance
(damp walls, for example) can threaten the fabric and thereby the sustainability
of a building, negating both the efficiency and cost-effectiveness of a
microgeneration installation.

The importance of energy efficiency cannot be over-emphasised, and some microgeneration systems
simply will not work properly in a poorly-insulated home. The easiest way to reduce the energy
demand of a property is to improve its energy efficiency: improving insulation levels, reducing draughts
and so on. It is recognised that this can be complicated for older or historic homes. The sister guide
Energy Heritage provides detailed guidance on all aspects of improving energy efficiency in traditional
and historic homes (see section A1).

B1.2

MATCHING THE SYSTEM TO THE HOUSEHOLDERS

Which system is best for a particular property is strongly linked to the occupiers, so their needs and
behaviour must be considered. This can make a considerable difference to a system’s efficiency, and
the level of financial and carbon savings.

For a microgeneration system
to be effective, it should be
suited both to the property
and the householders.

Some people may like the interactive nature
of wood-burning stoves, for example, deriving
pleasure from topping them up with logs and
cleaning out the grate; others may prefer the neat,
invisible nature of under-floor heating coupled with
a heat pump system, which can be turned on and
forgotten about for months at a time.

The efficiencies gained by someone who has voluntarily installed and grown with a microgeneration
technology could be very different from those gained by a ‘passive recipient’ of the technology, such
as a new householder who may have no knowledge of microgeneration. As such, understanding the
system is vital, and any potential user of a microgeneration system should familiarise themselves with
the technology in order to gain most benefit from it.
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B1.3

INFORMED DECISION-MAKING

Microgeneration systems are often installed by enthusiasts, whose interest in the system makes them
likely to ensure it works as efficiently as possible. However, for others it may be a new and daunting
venture. Familiarity can overcome this; for most people in the UK, for example, modern central
heating systems are now common and accepted. Installers should provide advice and support,
so the householders can quickly learn about their new system. An installer should provide a range
of information materials, such as instruction and maintenance manuals, performance predictions,
drawings and installation details. The householders should take the time to become familiar with all
these. Further support can be provided by specialists, trade associations and energy advice centres
(see section B1.12).

‘It is essential that the customer understands – or at least appreciates – all
the substantive issues involved [with microgeneration systems] and their
consequences. Customer satisfaction depends to an important extent
on good communication. In particular, expected output and performance
need to be carefully explained’ (Energy Saving Trust, 20047)

B1.4

SELECTING THE MICROGENERATION SYSTEM

Deciding which technology is best suited to a household depends on many factors. The main body
of this guide aims to provide all the information needed to make this decision, but answering the
following general questions may simplify the choice:

What budget is available? Microgeneration technologies vary in how much they cost to install, so a
limited budget could immediately narrow the choice of system (although there are grants to help with costs).
Is the system needed for space heating, hot water or electricity? Space heating
accounts for the majority of energy use in a typical home (see Fig. XXX), so a space-heating system could
provide the greatest benefit. Any system should be chosen to meet the needs of the householders.

Is the system for a single home, or for multiple properties? While most
microgeneration systems are installed to a single property, larger communal systems can spread the cost and
deliver economies of scale.

How well insulated and airtight is the property? Some microgeneration technologies can
work well even if a property has relatively low insulation and airtightness levels; others will not.
Is the property well-situated for a microgeneration system? The natural resources available can determine the
choice of system: is there sunlight, wind, running water, ground space, or a sustainable wood supply available?
Should the system be fully automated, or manually controlled? Most
microgeneration systems can be fully automated, and effectively run themselves. However, others (notably
biomass) have a manual element.

Is visibility important? Some people like microgeneration systems to be discreet, or near-invisible;
others find them pleasing to look at, or wish to make an environmental statement. Discretion is generally
key for historic buildings or areas protected by planning legislation, and limitations may be placed on visual
changes.
Are there similar installations nearby? Precedence can help with planning applications, so
if there are similar installations in the area it is worth talking with the user, and including details in any formal
permission applications.
How well are the different technologies understood? Most microgeneration systems are
not overly complex, but unfamiliarity can make them seem complicated. Taking the time to understand how
they work makes choosing a system easier, and they will be more likely to work efficiently.
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Installing small wind-powered electricity generating systems (Energy Saving Trust, 2004)
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B1.5

PERFORMANCE OF MICROGENERATION SYSTEMS

B1.5.1 Predicting performance
The performance of a microgeneration system can be measured by how much energy it generates.
The power, or capacity, of the system is not the same as its energy generation, and they are measured
in different ways.

Kilowatts (kW) are the measure of a system’s power, denoting the amount of power

●

that a system is capable of producing at any one point in time. Maximum power is
only achieved under ideal conditions; the proportion of time a system runs at full power is
known as its capacity factor.

Kilowatt hours (kWh) are the measure of how much energy a system generates
over time. The amount of energy generated by a system is dependent on a number of
variables, including the capacity factor and the efficiency of the components. Energy
generation can be crudely predicted using the following calculation:
power x time x capacity factor.

●

Example
If a photovoltaic system has a power rating of 1.5kW and a capacity factor of 0.1 (i.e. it
runs at full power 10% of the time), then over a year (8,760 hours) it might generate 1,314
kWh (1.5 x 8,760 x 0.1).
To put this in context, a typical Scottish four-bedroom detached house uses towards
4,000 kWh per year running lighting and appliances8.

It is important not to be misled by a system’s power rating: a larger system
has the potential to generate more power than a smaller one, but only in
good conditions. Accurate sizing of a system is very important.

Predicting energy generation is complicated by various factors, including the system selected, the
installer’s competence, site conditions, householder behaviour, and variable weather conditions
(sunlight, wind etc.). Some energy is also lost in transmission, although in this respect local
microgeneration systems are far more efficient than national supplies, where the source is many miles
from the property.
Manufacturers’ predictions of performance are likely to provide a general figure reflecting test
conditions, and should be taken as a guideline only. A potential installer’s prediction should be more
accurate, as it should take into account the specifics of the individual installation (site conditions, size,
building details etc.). Talking with someone who uses a similar system can be useful; however, each
site is different so performance will vary.

8

Energy Saving Trust
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B1.5.2 Meters
The best way to identify the performance of a system is to install
a meter, which displays how much energy the system is actually
generating. This allows the user to see how efficiently their system is
performing, work out the savings being made by not having to pay
for fossil fuels, and quickly identify if there is a fault. It also allows the
user to monitor performance over time, and identify likely reasons for
any fluctuations.

Monitor installed under Renewable
Heritage project (© Resol)

B1.5.3 Carbon and carbon dioxide savings
The environmental impact of a system can be roughly measured by a householder; although it is
important to note that carbon and carbon dioxide are not the same; this should be remembered when
comparing environmental statistics, to avoid confusion.
Meter readings can be used to calculate how much carbon or carbon dioxide has been saved by
using renewable energy. This is done by multiplying the energy generated by the relevant conversion
factor in the table below9. The lifetime savings of a system can be worked out by multiplying the annual
saving by the expected lifetime of the system.

Carbon Factor
(kgC / kWh)

Carbon Factor
(kgCO2 / kWh)

Gas (natural)

0.052

0.19

Electricity (grid)

0.117

0.43

Oil

0.068

0.25

Coal

0.082

0.3

Liquid Petroleum Gas (LPG)

0.058

0.214

FUEL REPLACED

The average Scottish home emits 6.9 tonnes of carbon dioxide in a year (although this varies
according to the property type, from a detached house at 11.2 to a flat at around 5)10. Older (pre-1919)
homes also generate considerably higher emissions than more modern homes11.

9

Guidelines for the measuring and reporting of emissions by direct participants in the UK Emissions Trading Scheme (Defra, 2003)
Scottish House Condition Survey: energy efficiency and estimated emissions from the Scottish housing stock 2003/4 (Scottish Government, 2006)
Ibid

10

11
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B1.6

MIXING THE TECHNOLOGIES

A property may not be limited to a single microgeneration
system. Some systems can complement each other
particularly well, and multiple grants are also available to
allow more than one technology to be installed.
(see section B1.9.2).
Technologies could be mixed to cover seasonal variations in
performance. For example, a wind turbine could work well
with photovoltaic panels, as there is more wind in the winter
months, but more sun in the summer months.
A heat pump can be combined with an electricity-generating
technology (wind, hydro or photovoltaics): a heat pump
needs electricity to run, so using ‘clean’ electricity will make
the heat pump more sustainable. However, the electricity
source must be able to supply a certain amount of electricity
for the heat pump to turn on (see section B4.4.1).

Photovoltaic and wind systems (courtesy of On Site Generation)

Solar water heating systems can work well with a heat pump, the former providing domestic hot water
and the latter providing space heating.
Similarly, solar water heating can work well with a biomass system, as the solar panels are most
productive in the summer months, when there is less likely to be a need for space heating. This would
allow the solar water heating system to meet the hot water needs, so the biomass system could be
turned off.

B1.7

ENERGY STORAGE AND BACK-UP SYSTEMS

Most microgeneration systems need a means of storing the energy they generate, and a back-up
system for periods when the main system is not generating enough energy and the stored energy is
running out. The most common storage and back-up systems are shown in the table below.

MICROGENERATION
SYSTEM

Storage
facility

Typical Back-up
system

Solar water heating panels

Hot water cylinder

Boiler / immersion heater

Biomass stove

None /
hot water cylinder

Back-boiler & partial central
heating system / room heaters

Biomass boiler

Hot water cylinder

None / conventional boiler

Heat pump

Hot water cylinder
(in some cases)

Boiler / immersion heater / room
heater (e.g. biomass stove)

Wind turbine

Battery bank

Diesel generator / photovoltaic
panels / grid connection

Hydro turbine

Battery bank

Diesel generator / photovoltaic
panels / wind turbine / grid
connection

Photovoltaic panels

Battery bank

Diesel generator / wind turbine /
grid connection

Specific requirements for each system are covered in the relevant sections of this guide.
8
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B1.8

GETTING PERMISSIONS FOR MICROGENERATION INSTALLATIONS

Many of the microgeneration systems included in this guidance will require formal
consents where they are proposed for inclusion on a historic building. In all cases,
the requirements of the local planning department should be researched prior to
carrying out any works. Take the time to discuss proposed works with a Planning or
Conservation Officer, as this will avoid difficulties later on. A simple letter outlining the
extent of the proposed works might be a suitable starting point.
It is always advisable to contact the local planning and building control departments at an early stage,
and confirm if any permissions are needed. This will ensure that the installation is safe, and avoids any
risk and associated costs of having to reverse the work in the future. Any permissions must be secured
before work commences.
There are three main consents to consider in relation to installing microgeneraion systems in historic
homes: planning permission, listed building consent, and the building warrant.

Planning permission
is required for the majority
of building work affecting
the external appearance
of a building (although
in some cases works
may qualify as permitted
development, in which case
no planning permission
is required; see below).
Fixed fees are attached
to planning applications,
and the technical drawings
needed may also attract
professional fees.

Listed building
consent is required for
alteration or extension of a
listed building in any manner
that would affect its character
as a building of special
architectural or historic
interest. This can apply to the
exterior and interior of a listed
building, and any structure
within their grounds. No fees
are attached to listed building
consent, although if technical
drawings are required these
will incur a fee.

Building warrants
are needed for most building
works (except repairs), and
are needed to verify that
a building is safe for use
and fit for purpose. Fees
are attached to building
warrants, based on the
estimated cost of the work.
Consultant services may be
needed (to provide technical
drawings, for example),
which would add to the
costs involved.

If a home is not listed but lies in a protected area, planning constraints may be placed on external
alterations. Such areas include Conservation Areas, World Heritage Sites, Areas of Outstanding
Natural Beauty and Scheduled Monuments. Other permissions may be needed where a proposed
installation could have an environmental or archaeological impact; these are covered in the relevant
sections of this guide.
The local planning department can confirm the status of a building or area, and whether planning
permission or listed building consent is required. The local building control department can confirm
whether proposed works require a building warrant.
The planning application process places responsibility on the applicant to notify neighbouring
properties of certain proposed developments. This gives neighbours the opportunity to raise any
concerns. Involving neighbours in any such proposed installation at an early stage should help
minimise the risk of any disagreement.
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Any microgeneration installation will be assessed individually against the requirements of the local and
national planning systems. As such, even seemingly similar installations may need different
permissions.
Some microgeneration systems are covered by ‘permitted development’ legislation12, meaning
that they can be installed without having to apply for planning permission. This can make
installations much easier, faster and cheaper. Permitted development does not apply to listed
buildings, but can sometimes apply to buildings in conservation areas and World Heritage Sites.
Details of permitted development criteria for each technology are included in the relevant
sections of this guide.

The local planning department should be contacted for further information on any of the above issues.
The charity Planning Aid For Scotland (www.planning-aid-scotland.org.uk) can also provide advice
and support on the planning process.

B1.9

FINANCIAL CONSIDERATIONS

B1.9.1 Overview
The zero or near-zero carbon emissions associated with renewable energy are invaluable, but for many
people the high up-front financial costs of installing microgeneration systems can be off-putting.
Capital costs are relatively high at present, although some technologies are cheaper than others.
These costs should, however, be considered against the savings made over a system’s lifetime: once
installed, most microgeneration systems provide free or very low cost energy for many years.

In the longer term, microgeneration costs will fall as
technology improves and the systems become more
common and the market develops. Conversely,
dwindling and unstable fossil fuel supplies are likely
to ensure their costs will continue rising. These
factors make renewable energy an increasingly
attractive option, with shortening ‘payback periods’.
In the meantime, grants are available for all
householders (see section B1.9.2).

Photograph: www.istockphoto.com

The costs quoted in this guide are estimates, and individual installation costs will depend on individual
circumstances such as site conditions and the system selected.

12

Scottish Statutory Instrument No. 34 (Scottish Government, 2009)
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A planning application may need to include a location plan, site plan, section drawings, photographs
from various aspects, proposed system details, and a photomontage showing the likely visual impact.
It could also be useful to provide details of other similar installations. It may sometimes be possible to
get ‘outline planning permission’, to allow a proper ‘feasibility study’ to go ahead, if needed.
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VAT is currently rated at 5% for all microgeneration technologies13.
Installations in listed dwellings may well be rated at 0% VAT wherever
listed building consent is approved14, providing a considerable
financial incentive for householders in listed buildings to invest in
microgeneration systems.

Aside from the installation costs, other costs might include obtaining permissions (e.g. planning
permission, building warrant etc.), consultancy costs (e.g. technical services, which may be needed to
provide drawings for a planning application), running costs (considerably lower than conventional
systems, or non-existent) and maintenance costs. If an electricity grid connection is needed as part of
the installation, the power company may charge a considerable sum for this.
Knowing the cost of fossil fuels can be helpful in assessing how much money is being saved by a
microgeneration system at any point in time. Up-to-date fuel price information is available from
‘Sutherland Tables’, which are available at www.sutherlandtables.co.uk.
It may be advisable to advise insurers of the installation of any microgeneration system, and to insure
the system as well.

B1.9.2 Funding sources
Scottish householders can get considerable grants towards the costs of purchasing, installing
and commissioning microgeneration systems. Some costs may not be grant eligible, and certain
conditions must be observed (for example, accredited technologies and installers must be used, and
a certain standard of energy efficiency has to be reached before becoming eligible for a grant).
The two main household schemes are the Scottish Community and Householder Renewables
Initiative (SCHRI), and the Low Carbon Buildings Programme (LCBP). A summary of each is
provided in the table below:
GRANT

Summary

Telephone
Email
Web

Scottish Householder and Community
Renewables Initiative*

Low Carbon Buildings
Programme

Grants are available to householders in Scotland.
A household can apply for two separate grants for
two different technologies.

Grants are available to
householders in the UK. They are
currently available until June 2010.

Until recently SCHRI also provided grants for
bigger, community projects. Management of this
funding stream recently changed and this grant
is now called the Communities And Renewable
Energy Scheme (CARES); details can be found
on the following page.

Grants are also available for bigger,
community projects (i.e. multiple
properties). A separate grant stream
(Phase 2) covers these projects.

0800 512012

0800 915 0990

schri@est.org.uk

info@lowcarbonbuildings.org.uk

www.energysavingtrust.org.uk/schri

www.lowcarbonbuildings.org.uk

HM Revenue & Customs VAT Notice 708: buildings and construction (Crown Copyright, 2008)
Ibid
* The title of this grant may change, but it will continue to be managed by the Energy Saving Trust

13
14
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Power companies also provide funding, under the nationwide Carbon Emission Reduction Target
(CERT), managed by Community Energy Scotland, which is in place until April 2011. This Governmentdriven initiative obliges power companies to deliver measures that will lower carbon emissions. Power
companies can be approached directly for further information.
For larger, community projects, several different funding streams may sometimes be combined.

B1.9.3 Funding levels
The SCHRI grant level for all technologies is set at 30% of the installed cost, up to a maximum of
£4,00015.
For LCBP the grant levels are more variable. The table below shows current grant levels available for
householders16. These levels are regularly reviewed and may therefore be subject to change.

15
16

Technology

LCBP grant

Photovoltaics

Maximum £2,000 per kW (£2,500 cap), or 50%
of eligible costs (whichever is the lower)

Wind turbine

Maximum £1,000 per kW (£2,500 cap), or 30%
of eligible costs (whichever is the lower)

Hydro (small)

Maximum £1,000 per kW (£2,500 cap), or 30%
of eligible costs (whichever is the lower)

Solar water heating

Maximum £400, or 30% of eligible costs
(whichever is the lower)

Heat pump (ground source)

Maximum £1,200, or 30% of eligible costs
(whichever is the lower)

Heat pump (air source)

Maximum £900, or 30% of eligible costs
(whichever is the lower)

Biomass stove (automated
pellet system)

Maximum £600, or 20% of eligible costs
(whichever is the lower)

Biomass boiler system

Maximum £1,500, or 30% of eligible costs
(whichever is the lower)

www.energysavingtrust.org.uk (April 2009)
www.lowcarbonbuildings.org.uk (April 2009)
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Larger grants are available for community projects (i.e. multi-property or community building renewable
energy systems). The Communities And Renewable Energy Scheme (CARES, formerly part of
SCHRI), managed by Community Energy Scotland, provides higher levels of capital funding than the
individual household grants, and separate feasibility grants are available to cover the costs of
developing a project. The Scottish Government’s Climate Challenge Fund, currently running until
April 2011, also provides funding for community-based carbon reduction projects; further information
is available at www.keepscotlandbeautiful.org/ccf.asp.

B
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B1.9.4 Renewables Obligation Certificates (ROCs)
All UK electricity suppliers are required by law to supply a minimum proportion of their electricity from
renewable sources. They prove compliance through Renewables Obligation Certificates (ROCs).
Suppliers obtain ROCs either by generating their own renewable electricity, or by buying them from
others who do generate renewable electricity, including private individuals. Anyone who generates their
own electricity can become eligible to receive ROCs by registering with Ofgem.
Ofgem recently doubled the number of ROCs available for electricity generated by microgeneration
systems (50kW or less): two ROCs are now awarded per megawatt (MW) generated. These can
then be sold to an electricity supplier, and their value is dictated by the market; recently a ROC was
worth around £4017. For more information on ROCs from microgeneration systems, see Ofgem’s new
publication Renewables Obligation: guidance for microgenerators (available at www.ofgem.gov.uk/
Sustainability/Environment/RenewablObl/Documents1/microgenerator%20guidance%202009.pdf).
At present ROCs only exist for electricity generation (i.e. wind turbines, hydro turbines and
photovoltaic systems) at present. However, there is growing pressure for a parallel system to be put in
place to reward heat generation (i.e. solar water heating, biomass and heat pump systems) as well. A
national system, called the Renewable Heat Incentive, is likely to be set up by April 201118, but in the
meantime at least one power company is setting up an independent system to reward customers who
generate their own heat from renewable sources19.

B1.9.5 Feed-in tariffs
The ability to sell or ‘export’ electricity to the national grid is seen by many as the most effective way of
increasing the uptake of microgeneration. Several power companies now offer tariffs that pay owners
of microgeneration systems a premium rate for the energy they generate, although the rates they offer
can vary and they may charge for the metering facility needed.
In some European countries there is a legal requirement for power companies to offer such tariffs,
which in some cases guarantee sales of, say, five times the unit cost (so a 10p electricity unit would be
bought by the grid for 50p). The UK Government is likely to introduce a similar mandatory system in
2010.

17
18
19

www.reuk.co.uk
Heat and energy saving strategy: consultation (Crown Copyright, 2009)
www.goodenergy.co.uk
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A good installer and a reputable system can make a big difference to the ease and success of a
microgeneration installation. Accredited installers and technologies should ensure a high standard
and peace of mind. A non-accredited technology or installer is not necessarily untrustworthy, and nonaccredited technologies can be cheaper than accredited ones; however, grants (see section B1.9.2)
are only available where accredited technologies and installers are used.
Both main grant providers (see section B1.9.2) have lists of accredited installers. Other lists of installers
and technologies include the Microgeneration Certification Scheme (MCS), the Solar Keymark
Certification Scheme and Green Book Live.
In addition, all MCS-accredited installers are members of the REAL Assurance Scheme, managed by
the Renewable Energy Association. All members agree to abide by a Consumer Code, which provides
protection both to customers and installers in the case of any disputes.
In all cases, it is advisable to shop around, get several quotes, and be aware that each quote may
include or omit different things.

B1.11

Green tariffs

Making a decision on microgeneration systems can take time. A simple and effective first step, which
can be made at any time, is to set up so-called ‘green tariffs’ for domestic fuel supplies. This can
be done for any property, and should ensure that the fuel being used either comes from a larger
renewable energy system, or that the energy company invests in the development of clean energy.
All energy companies now offer green tariffs. Some companies only supply electricity from renewable
sources; others supply fossil-fuel-derived energy but offset this by investing in renewable energy
elsewhere. Renewable natural gas supplies do not exist, but some gas suppliers offset the emissions
from green tariffs by investing in renewable energy or other areas of environmental benefit.
It is worth checking the credentials of a green tariff to make sure the power company isn’t merely
offering the bare minimum required by law. Good schemes go above and beyond this, and opting for
green fuel tariffs not only makes a positive contribution to the environment but also encourages energy
suppliers to invest more in green tariffs.

B1.12 Further advice and support
The Energy Saving Trust operates a network of energy advice centres throughout Scotland (and the
rest of the UK). Each advice centre has a team of professional advisors who provide detailed advice
on all aspects of domestic energy efficiency and microgeneration. As well as advice and support, they
can provide home visits and help access grant funding.
For more information on energy efficiency,
microgeneration and the grants and
discounts available in Scotland, Energy
Saving Scotland advice centres can be
contacted free on 0800 512012.

For more information on energy efficiency,
microgeneration and the grants and
discounts available elsewhere in the UK,
Energy Saving Trust advice centres can be
contacted free on 0800 512012.
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B1.10 Accredited systems and installers

B1 | Key considerations

B

B1.13 Further information
The Further Reading section at the end of this document suggests useful resources for more in-depth
research.
It may also be helpful to make direct contact with local or national organisations. Contact details for
a wide range of relevant agencies are provided under Sources of Further Information at the end of
this document. Useful agencies include advice centres, local authority planning and building control
departments, renewable energy agencies, and building conservation organisations.

B1.14 System overview
The following table provides a basic summary of the main microgeneration technologies (all details are
estimated based on current guidance). Full details can be found in the relevant sections of this guide.
Technologies
Solar water Biomass
heating
Hot water?

√

Space heating?

Heat
pumps

Wind

Hydro

PV

√

√

√*

√*

√*

√

√

√*

√*

√*

√

√

√

Good

Moderate

Electricity?
Predictability

Moderate

Excellent

Excellent Poor

Correlation with
heating demand**

Moderate

Good

Good

Good

Good

Poor

Lifespan

25 years

15 years

20 years

20 years

50 years

25 years

* Only where water and space heating systems are electric
** Heating demand is higher in winter, making some systems particularly well-suited to provide heating
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B2

Solar water
heating
“If the 19th century was the age of coal and the 20th
of oil, the 21st will be the age of the sun”
(DTI, 1999)20

B2.1

INTRODUCTION

With its unpredictable weather and
frequent cloud cover, the UK receives
both direct (i.e. sunny) and diffuse (i.e.
cloudy) light. Critically, both types are
valuable for solar technologies. Scotland
receives sufficient solar radiation to make
it a useful source of energy.
The sun can be used to generate both
electricity (see section B8) and hot water.
This section covers solar water heating
systems, one of the most viable and most
popular renewable energy technologies for
the UK, due to its simplicity, effectiveness and
relatively low costs.

UK solar radiation chart (Courtesy of eaga Renewables)

Solar air heating systems also exist, but
they are relatively uncommon in the UK at
present, and as such are not covered by this
guidance.

UK solar radiation map (© Solar Trade Association)

20

Photovoltaics in buildings: a design guide (DTI, 1999)

Renewable Heritage A guide to microgeneration in traditional and historic homes

Page 27
| A Changeworks Initiative

B2 | Solar water heating

B

B2.2

HOW IT WORKS

Basic Requirements
●
●

●

Sun (not only direct sunlight, but also that filtered through cloud)
Space (usually on a roof) for the solar panels: generally between 2-5 square metres21,
facing as close to due south as possible and with no overshadowing
Space for a hot water cylinder (either replacing existing cylinder, or adding a
second cylinder)

Solar water heating systems take advantage of the natural solar radiation, by absorbing it & using the
energy to heat water. They are generally straightforward to install, and can usually simply be linked up
to the existing water heating system (see section B2.5).
There are a number of key components:
●
●

●
●

Solar panels, for collecting the solar radiation
Flow and return pipework, for channelling the fluid heated in the panels into the hot
water cylinder
Hot water cylinder, for storing the heated water
Pump, for pumping the fluid around the system

In addition to the above components, a top-up system is needed; this is generally an existing boiler (or
sometimes an electric immersion heater), which is also linked up to the hot water cylinder.

A typical solar water heating system (© AES Solar Systems)

21

Discover renewable energy: heating your water with solar energy (Energy Saving Trust, 2008)
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B2.3

DIFFERENT TECHNOLOGIES

B2.3.1 Panels
There are two main types of solar panel design: the ‘flat plate’ collector and the ‘evacuated tube’
collector.

Flat plate & evacuated tube panels (courtesy of On Site Generation)

A flat plate collector comprises a frame, a base plate, thermal insulation (to minimise heat loss),
a transparent cover (also to minimise heat loss), and piping (usually copper). The piping is filled with
a fluid (containing antifreeze) which circulates in the pipes and is heated by the sun. There are many
different models of flat plate collector, and a wide range of appearances (colour, reflectivity, shape and
so on), make it easier to select panels that complement the building on which they are sited.

An evacuated tube collector comprises a row of glass tubes, each of which contains an
‘absorber tube’ with a covering that minimises heat loss. There is a vacuum in the glass tube, which
further reduces heat loss. The tubes can sit within a frame, or they can be modular which allows tubes
to be combined, added or removed (making it a more bespoke and flexible system).
There are two main types of evacuated tube:
●

Direct flow – the fluid in the tubes circulates through the system, passing through the
hot water cylinder in sealed pipework

●

Heat pipes – each tube is filled with a fluid that evaporates at relatively low
temperature, and is set at a slight angle. As the fluid heats up it evaporates, rises to the
top of the tube and condenses. This hot condensate transfers its heat (and the latent
heat caused by condensation) to the pipework, which runs into the hot water cylinder.
This pipework carries now-heated fluid into the hot water cylinder, where it heats the
stored water. The condensed fluid in the tube then runs back down to the bottom, where
the process repeats itself.
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The table below provides a basic comparison of some key features of the two systems.
FLAT PLATE

EVACUATED TUBE

Efficiency

Slightly less efficient

Slightly more efficient

Cost

Cheaper

More expensive

Robustness

More robust

Fragile

Predominance (in UK)

Most common

Less common

Size

Slightly bigger

Slightly smaller

Visual impact

Can be more discreet on pitched
roofs: often less reflective due to
uniform surface (not always the
case)

Their tubular design can make
them more eye-catching.
However, on flat roofs they can
be laid flat which makes them
less visible

B2.3.2 Systems
As well as the different panel options, there are also different types of solar water heating system. The
main types are summarised below.
●

Direct / Indirect
All systems are either ‘direct’ or ‘indirect’. With direct systems, the water heated inside the
solar panel is the same water that comes out of the hot tap. Direct systems can be more
efficient than indirect systems, but can be problematic and cost more to maintain than
indirect systems, due to an increased likelihood of scale build-up and corrosion22. Direct
systems are uncommon in the UK.
With indirect systems, the fluid heated inside the solar panel never comes into contact with the
water that comes out of the tap. Instead, it remains in a sealed, coiled pipework system, which
goes through the hot water cylinder and transmits heat to the stored water indirectly.

●

Drainback
The fluid stops circulating when the panel is colder than the hot water cylinder or when the
hot water cylinder temperature exceeds a certain temperature. When the pump stops, all the
fluid in the system sinks (or ‘drains back’) below the level of the panels. This prevents the
stored hot water from overheating or the panels from freezing. (Other systems include
alternative safety features.)

●

Integrated photovoltaics
These solar panels include small photovoltaic
modules that generate electricity (see section B7),
providing free, clean energy to drive the circulation
pump. This is a simple system, with minimal
plumbing and has recently become an accredited
technology.
Solar water heating panel with integrated
photovoltaic cells (© Solartwin)

22

Renewable energy sources in rural environments (Energy Saving Trust, 2004)
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●

Thermosyphon
The hot water cylinder is sited above the panels (i.e. outside, on the roof). The benefit of this
system is that it does not need a pump, as the heated water rises into the tank naturally,
which drives the flow around the system. Larger-bore pipework is needed, which could
increase the installation works in older properties where the existing heating system pipes
are often narrow. Thermosyphon systems are not viable for use in the UK, due to the
likelihood of frost damage.

B2.3.3 Hot water cylinders
The other main component of the solar water heating system is the hot water cylinder, needed to store
the heated water. There are several options available.
●

A second cylinder can be installed alongside an existing one. The heating coil from the solar
panels is installed in one cylinder, with the heating coil from the boiler in the other cylinder.
This can be a good option where there is space available for a second cylinder, as it creates
more water storage and allows the existing cylinder to continue being used.

●

A single twin-coil tank can replace the existing cylinder. This cylinder contains two heating
coils, with the lower coil connected to the solar panels and the higher coil connected to boiler.
The boiler acts as a top-up system when needed. All-in-one cylinders generally need less
space than two separate cylinders, but they are generally taller than standard cylinders.

●

A single cylinder can be installed to support a combi boiler. This can be complex and it not
always viable (see section B2.8).

In all cases, there is a coil of pipework within the hot water cylinder, which the fluid heated inside
the solar panel runs through. The coil is designed to maximise heat transfer: it can have a very large
surface area, and some models have ‘fins’ on the coil to increase this surface area further.
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B2.4

HOW IT IS INSTALLED

Solar water heating systems are commonly added onto existing central heating systems, and should
be a straightforward process. The hot water cylinder has to be replaced or added to. Checks should
be made to ensure any existing boiler is compatible with a solar water heating system; if not, a
replacement boiler will be needed. This is particularly common where the existing boiler is a combi
model (see section B2.8).
It is possible to install a solar water heating system for an individual property within a shared building
(e.g. a flat in a tenement), however unless the property is on the top floor the pipework will need to run
through the intermediate properties. Neighbour consent would be needed for such installations
(see section B2.10). Part C provides a case study of such installations.

B2.4.1 Sizing
A solar water heating system should be sized according to the potential hot water demand (based on
property size), or according to actual hot water demand (based on current occupancy). It should be
designed to meet demand (but not to exceed it). A typical Scottish domestic installation may comprise
3-4m2 of solar panels23.
If a system is sized based on the hot water demands of the current occupants, viability for future
occupants (who may have different demands) should be considered. Systems can be re-sized, but this
could be costly once panels, cylinders, pumps and plumbing are taken into account.
Typical domestic hot water demand is 50 litres per person per day24. In properties where the
appliances (e.g. washing machines) are fed with cold water and the showers are electric, hot water
demand will be considerably lower. Replacing electric showers with mixer showers can also be
considered, as this would allow use of the solar water heating system to be maximised.

B2.4.2 Panel installations
A roof survey should be carried out to ensure the roof will support the weight of the solar panels.
For high roofs (e.g. on tenements), getting the panels onto the roof is the first step. Scaffolding may be
needed, or a crane could lift the panels straight onto the roof (see Part C). Where there is a roof hatch,
internal access is possible as long as the loft and roof hatches are big enough (loft and roof hatches
could be enlarged if needed). Individual panels can be very heavy, but some types (particularly
evacuated tube systems) can be disassembled and moved one part at a time.
A solar panel is usually fixed to a roof on short struts that pass through the roof finish and are secured
to the rafters. This means the panel will sit proud of the roof plane. Other systems allow the panel to be
recessed into the roof, so that its surface is flush with the rest of the roof. This system is more labourintensive, but can have a ‘cleaner’ finish (in terms of unbroken roof lines), which may be deemed
preferable by the planning department in some cases.

23
24

www.onsitegeneration.co.uk
Ibid
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Standard panel installation
(courtesy of On Site Generation)

Recessed panel installation
(courtesy of On Site Generation)

Panel fixing detail
(courtesy of On Site Generation)

Flat roof installation
(courtesy of On Site Generation)

On flat roofs, flat plate panels can be sited on metal ‘A frames’, so the panel can be angled to receive
as much sun as possible. With some evacuated tube systems, each tube can be angled to catch
the sun’s rays, allowing the array as a whole to be placed flat on the roof (‘heat pipe’ systems are the
exception, as they need a slight angle in order to work properly; see section B2.4.1).
In all cases, durable, long-lasting roof fixings should be selected where possible, so they can be reused if a solar panel needs to be replaced in the future.
Security should also be considered when installing solar panels. Evacuated tube systems should not
be sited in areas where things might fall on (or be thrown at) the panels, as they are relatively fragile.
Any pipework or fixings which penetrate the roof covering must be weather-sealed, to prevent moisture
entering the roof space.

B2.5

CAPACITY & EFFICIENCY

In Scotland, a standard 1m2 panel can generate around 450 kWh of energy per year25. A panel
installation of 3-4m2 should provide all domestic hot water needs in summer, and around 50% of the
annual needs26.
How to maximise efficiency

25
26

●

Flat plate panels should be set at an angle to get as much energy as possible from
the sun. Due to the sun’s differing height in different seasons, lower panel pitches
generally generate more energy during summer months, while steeper angles collect
more of the sun’s energy during winter months.

●

The optimum orientation for a solar panel to face in the UK is due south. Any angle
between south-east and south-west can be viable however there will be a drop-off
in efficiency. If the two sides of a pitched roof face east and west, it is possible to put
half the system on each side of the roof, however this involves a more complicated (and
therefore more expensive) installation, and is not always recommended.

Ibid
Ibid
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How to maximise efficiency (continued)
●

As the pump needs electricity to run (a relatively small amount relative to the amount
of energy generated by the system), installing other microgeneration technologies to
generate electricity will increase the system’s efficiency (by minimising the running costs
and the need for fossil fuels).

●

The type of panels chosen will affect the system’s efficiency. Evacuated tube systems
tend to be slightly more efficient (see section B2.4), however there are many variants of
all panel types, and different models will suit different properties.

●

Solar water heating systems work best when the water in the hot water cylinder is cool.
This makes larger, taller cylinders more effective, as the water at the bottom of the tank
(where the solar heating coil sits) is more likely to be cool27.

●

Solar systems work during daylight hours, so the top-up system should ideally be
programmed to come on in the evening (if needed). This should ensure there is enough
hot water for use that night or the next morning, and means the top-up system will not be
needed if the solar system has provided enough hot water.

●

Any solar water heating installation should work in harmony with the existing system.
Proper research and installation should ensure the solar system gets maximum possible
use, with the back-up system being used as little as possible.

B2.6

MAINTENANCE AND HEALTH & SAFETY

A typical solar water heating system should last around 25 years28, and have a 10-year warranty29.
Minimal maintenance should be needed, other than an annual maintenance check (usually by the
installer). The panel surfaces may need cleaning from time to time although rain will help keep the
panels clean.
The fluid usually includes antifreeze and corrosion inhibitors, so the panels should not freeze and there
should be no build-up of limescale or sludge. The fluid is of low toxicity, and should also be able to
withstand high stagnation temperatures and freezing (on a sunny day the fluid in the panels can reach
very high temperatures). It may need replacing eventually, as may the pump.
The stored hot water must be heated to 60oC regularly (installers can advise on frequency) to avoid the
risk of legionella bacteria forming30. The top-up system will cover those times when there is not enough
solar energy to provide this level of heating.
Some systems can generate very hot water. To minimise any risk of scalding, thermostatic mixing
valves can be fitted to control the temperature of the water going to the taps. Mixer taps can also be
installed to help regulate temperature.

Solar water heating systems: guidance for professionals, conventional indirect systems (Energy Saving Trust, 2006)
www.onsitegeneration.co.uk
Discover renewable energy: heating your water with solar energy (Energy Saving Trust, 2008)
30
Renewable energy sources in rural environments (Energy Saving Trust, 2004)
27

28

29
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ANY OTHER CONSIDERATIONS

Solar water heating systems only provide hot water; an additional system is needed for space heating.
It is physically possible to oversize a solar water heating system and supplement the space heating,
however, the viability of this system in the UK is questionable as there is not enough sun in the winter,
when most space heating is needed. By the same token, it may not be necessary in warmer countries,
as there is less need for space heating in general.
There can be compatibility issues with combi boilers, which have no storage system. Some combi
boilers accept preheated water and can be connected to a solar water heating system with a new hot
water cylinder installed; it is recommended that checks are made with the boiler manufacturer or the
solar water heating system installer. Combi boilers can be adapted to work like conventional boilers,
but care is needed and warranties could become void. Such complications may often make it simpler
to install a conventional boiler instead.
There may be some noise from the pump, however this should be relatively quiet, as with the pump in
conventional central heating systems.
Future obstacles, such as tree growth or a new building development, could compromise a solar
panel’s performance. There are currently no laws protecting against future overshadowing, although
the Scottish Government’s Planning Advice Note on microgeneration states that ‘developers and
planning authorities should…try to ensure that new buildings or extensions do not overshadow existing
solar panels on neighbouring buildings’ 31. Objections can be made against any proposed development.
Maintaining good relationships with neighbours may be the simplest and most effective protection,
as well as checking with the local planning department to ensure there are no such developments
planned at the time of installation.

B2.8

COSTS

As with all microgeneration systems, the cost of a solar water heating system is dependent on the
technology, the property and other variables.
A typical system could cost between £3,000 and £4,50032. Installing a solar water heating system can
be made cheaper if it is combined with related maintenance works, for example roof replacement.
Grants are available to help cover installation costs (see section B1.9).
Running costs should be relatively low. They will typically include an annual inspection, maintenance
works, and the cost of the electricity needed to run the pump. The back-up system will also have
running costs attached, unless the energy is sourced from another microgeneration technology.
The Renewable Heat Incentive being offered by some energy companies can provide ongoing income
as a direct benefit of using a solar water heating system (see section B1.9.4).

31
32

Planning Advice Note 45 Annex: planning for micro renewables (Scottish Executive, 2006)
www.onsitegeneration.co.uk
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B2.9

PERMISSIONS

The table below outlines which permissions may be needed for a solar panel installation. Local
planning and building control departments should be contacted at an early stage to confirm these and
any other requirements.

Planning permission

Only needed where the panels do not meet Permitted Development
criteria (see below); if planning permission is required, proof of
neighbour notification will be needed

Listed building consent

Needed for any panel installations on or within the grounds of a
listed building

Building warrant

May be needed to ensure a structure can take the weight of the
panels, where pipework penetrates the walls or roof or where there
are electrical works

Other permissions

●

Neighbours must be notified if installing panels on a shared
roof or if running pipework through other properties. For any
installation on a shared roof or where pipework runs through
other properties, maintenance liabilities may need to be
confirmed

●

Historic Scotland (or equivalent) should be contacted if a freestanding installation is likely to disrupt archaeological remains

Permitted development (see section B1.8)
Under the following criteria33, solar water heating panels may be installed without having to apply
for planning permission:
●

On a pitched roof or a wall, a maximum protrusion of 200mm above the surface,
and no higher than the highest point of a roof on which they are installed

●

On a flat roof, no more than 1m in height, and at least 1m from the roof’s edge

●

On a building containing a flat, no panels are installed on the walls

●

On the ground, no more than 4m in height and 9m2 in size, at least as far away from
all land boundaries as their height, and no more than 1 per property

●

For buildings in protected areas (such as conservation areas), they are not on
the principal elevation or visible from the road, are as discreet as is reasonably possible,
and are removed if no longer needed or functioning

If a proposed installation does not meet these criteria, it does not automatically mean it will not be
permitted, however it does mean that planning permission is needed.
Permitted development applies only to planning permission; other permissions may still be
needed (see above).

33

Scottish Statutory Instrument No. 34 (Scottish Government, 2009)
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Considerations for historic buildings
Solar panels may not be permitted on roofs above the principal elevation (the side of the
building most viewed, generally that facing onto a road). If the south-facing roof space is
above the principal elevation, it may therefore not be a viable installation.
A potential solution to this is to use a recessed panel system (see section B2.5), which
reduces the visual impact of the panels and could satisfy planning requirements.
Alternatively, the panels may sometimes be sited elsewhere (e.g. on the ground, or on a
garage roof) and linked to the property’s hot water system from there.
The type of panel affects the visual impact. Evacuated tube panels have a different
appearance to flat panels, which in turn vary according to the covering on them. Views on
appearance can be subjective, and the local planning department may have a preferred type.
Flat roofs are less visible than pitched roofs, and as evacuated tube systems can often be
sited flat this makes them a less obtrusive option. Where a flat roof has a lead covering, a
specialist lead contractor should be consulted to ensure there is no damage caused to the
roof by installing the system’s pipework34.
Some older roof types can be particularly well-suited for solar panels. The design of a
double-pitched ‘M-shaped’ roof (common on Georgian buildings) creates a central valley.
If this runs in a broadly east-west direction, this provides a hidden south-facing roof within
the valley. This should remove any planning issues concerning visual impact, and can be
an excellent solution for solar panel installations in historic homes. (Part C provides a
detailed case study of a successful installation on this type of roof.)
Thatched roofs are generally not suitable for solar panel installations35.
Original building fabric is considered important
to the cultural value of a historic building.
As such, installation of solar panels and
associated pipework should minimise loss or
damage of this fabric. In most cases this can be
limited to holes made in the roof for the panel
fixings and pipework, and holes drilled within
the building for the pipework run. Recessed
solar panel systems entail removing an area of
the roof covering; this should be stored, and
reinstated if the solar panels are ever removed.
It can be difficult finding replacement slates or
old handmade tiles36, so it may be advisable
to source replacements in advance, in case
any tiles are damaged during installation.
Photograph courtesy of On Site Generation
Local architectural salvage yards can be
good sources for such materials. To minimise damage, the installer should ensure they
understand the different ways that different roof coverings are put together.

Small-scale solar thermal energy and traditional buildings (English Heritage, 2008)
Ibid
36
Ibid
34
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Considerations for historic buildings (continued)
Building conservation organisations are often concerned with the ‘reversibility’ of any
work done to a historic building. As a solar panel’s lifespan is considerably shorter than
that of the average building, removal and replacement options should be considered
before the initial installation to minimise loss or damage of original fabric.
The roof areas of older buildings can sometimes house wildlife. Some birds and all bats
are protected under law, which may mean that solar installations and maintenance can
only go ahead when they are not present. Guidance can be found at www.rspb.org.uk and
www.bats.org.uk.
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B3

Biomass
B3.1

INTRODUCTION

Burning wood to generate heat is one of the
oldest forms of energy generation. Due to
the different forms of wood fuel, and different
plant fuels available, the collective term is
known as ‘biomass’. (In this guide, ‘biomass’
refers solely to wood fuel.) Modern biomass
heating systems can provide both space and
water heating, and come in a wide range of
sizes, from individual room-heaters to wholehouse systems.
Unlike the other microgeneration
technologies, biomass requires ongoing
fuel to power the system, which creates CO2
emissions. However, burning biomass only
emits as much CO2 as the trees took in while
growing, making it ‘carbon neutral’. As such, it
is now commonly accepted as a viable source
of sustainable energy.

The fact biomass systems
can be very easily
controlled makes them an
excellent heating solution
for many properties. In
addition, the fact they
can be used efficiently
to heat even poorlyinsulated buildings can
make them an excellent
option for traditionallybuilt properties, which
are often draughty and
have less insulation. Many
older properties were also
designed and built with
similar heating systems in
mind, and have fireplaces
and chimneys ideal for
siting modern stoves.
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B3.2

HOW IT WORKS

Basic requirements
●

Source of fuel – this must be available on an ongoing basis, and ideally should be
from a local and sustainable source

●

Space for the heating system (stove or boiler, and hot water cylinder if applicable)

●

Local fuel supply

●

Fuel storage space

●

Access space – a delivery vehicle will generally have to get within 20 metres of the
fuel storage space

●

Flue – this can be an existing chimney, or a new flue

●

Ventilation – needed to ensure the system operates properly

Biomass systems can provide both space and water heating, and generally comprise a small internal
stove system, an internal stove boiler, or a bigger boiler system that is generally sited in an out-building.
For space heating, a small biomass stove can be used for direct heating of a single room, or a bigger
biomass boiler can be used to heat enough water to supply a whole-house central heating system.
Both systems can also be used to provide hot water.
Stoves are installed inside the main living area of a property. They are often only used as room heating,
but if they are connected to a back boiler they can provide hot water as well. Biomass boilers, on
the other hand, are usually installed outside the living area, and heat water that can then be pumped
around a central heating system and used for domestic hot water needs.
Both systems need somewhere to store the fuel, a flue to expel smoke and combustion gases from the
property, and adequate ventilation to ensure the system operates properly. Bigger systems that provide
whole-house central heating and hot water include a large hot water cylinder.
The fuel is either manually or automatically fed into the system. Automatic systems are generally more
efficient, and minimise the need for householder intervention.
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B3.2.1 Fuel types
Regardless of the system, the energy is generated by burning wood. This wood comes in three
main forms: logs, pellets and woodchips. Each has its own characteristics and is suited to different
situations. Logs or pellets are generally the best fuels for domestic-scale systems. More details are
provided below.

Logs – these are the simplest and cheapest form of fuel. They can
be best-suited to rural areas, particularly where there is adequate
storage space and a local supply. If wood can be grown and cut on
site, this will greatly reduce the fuel costs; a Forestry Commission
survey can determine how much woodland would be needed for a
sustainable supply. Logs are bulky so considerable storage space
is needed, and they are less efficient than some other fuels. Logburning systems tend to be manually fed, requiring more work by the
householder; and manually-fed systems are not currently grant-eligible
(see section B3.8).
Pellets – these are the most efficient fuel. They are small (usually
6mm wide) and regularly-shaped, and in the UK generally comprise
sawdust, wooden pallets and recycled untreated wood37. They are
more efficient due to their high ‘energy density’ – they are nearly
twice as ‘energy dense’ as logs, and four times as energy dense as
woodchip38. As such, less fuel is needed to generate heat, it lasts
longer, needs to be topped up less often, and less storage space and
fewer deliveries are needed. However, pellets cost more than other
biomass fuels.
Courtesy of Centre for Sustainable Energy

Woodchips – these are generally not suitable for domestic
properties unless they are very large and have significant storage
space. They consist of small strips or ‘chips’ or wood. The size
and moisture content of woodchips is an important factor in their
efficiency. They are not very energy dense, so considerable storage
space is needed. Woodchip systems can be well-suited to farms or
large country houses, or communal systems where several properties
are served by the system.
Courtesy of Centre for Sustainable Energy

B3.3

DIFFERENT TECHNOLOGIES

At the simplest level, a biomass system consists of an open fireplace. However, these are very
inefficient (see section B3.5). Installing a fire-front increases their efficiency, and installing a back
boiler to provide hot water will increase the fuel efficiency further. The most efficient systems, however,
are stoves and boilers.

37
38

Renewable energy sources in rural environments (Energy Saving Trust, 2004)
Ibid
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B3.3.1 Biomass stoves
A biomass stove provides direct heat to the room in which it is
installed. This heat may spread to adjoining rooms, and possibly
to upstairs rooms if vents are installed in the ceiling. Stoves can
also be connected to a back boiler, allowing them to provide hot
water that can then be used for domestic hot water needs or for
space heating via a central heating system. Stoves are generally
best suited to smaller properties.
Some stoves have an integrated fuel store, allowing them to store
pellets and feed them into the burner automatically. The store will
have to be refilled regularly, but a full store can allow the stove to
run for several days before it needs refilling from the main store.

© J Heath

B3.3.2 Biomass boilers
A biomass boiler works by heating water that is then stored in a large hot
water cylinder. This water can then be used to provide space heating, via a
central heating system, and to provide domestic hot water. Biomass boilers
can supply water at different temperatures and pressures depending on the
heating ‘distribution system’ (i.e. radiators or under-floor heating); radiators
need hotter water than under-floor heating coils.
Pellet boilers often have integrated storage space, which can store enough
pellets to last for several days before having to be refilled from the main store.
Log boilers are also available, but these are not appropriate for domestic
heating unless the property is very large (e.g. a large country house). They can
be around 90% efficient39, and some include an automatic fuel feed, which
needs regular refilling. They can heat and store a considerable quantity of hot
water (sometimes thousands of litres).
Woodchip boilers need a large storage space. The chips are automatically fed into the boiler via a
screw or ‘auger’, which draws the woodchips into the boiler as it turns.

B3.3.3 Other components
If a dedicated fuel storage space
is needed, this is generally sited
outside a property.
A flue is necessary for all biomass
systems. Where there is an
existing chimney this can often be
utilised, installing a chimney liner
rather than a separate flue.
Photographs courtesy of On Site Generation

39

Renewable energy sources in rural environments (Energy Saving Trust, 2004)
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B3.4

HOW IT IS INSTALLED

Prior to installing a biomass system, checks should be made to ensure there are no air quality
regulations in the area (see section B3.6), as these can dictate the size and type of system permitted.

B3.4.1 Sizing
Biomass systems must be appropriately sized for the property, and for the occupants’ heating needs.
Biomass systems operate most efficiently when they are hot and working close to their maximum
capacity, so over-sizing a system will lower its efficiency. As such, a biomass boiler that provides
whole-house heating can be made to work very efficiently by slightly under-sizing it. The system will
then provide most of the annual heating requirement, and a small back-up system can be installed to
provide top-up heating at times of peak demand (e.g. a cold winter day).
The fuel store for pellet boilers should ideally be slightly over-sized, so that it doesn’t need to be
completely empty when a new delivery arrives. This will also cater for any delivery delays. Sizing the
fuel store should also take into account peak (i.e. winter) demand, available space, construction costs
(if a new building is needed), frequency of fuel deliveries, and the size of fuel delivery needed to get
the best price.

B3.4.2 Installation
A stove system in its simplest form is a stand-alone
system, requiring only a stove and flue. In older
properties this can often use an existing chimney,
although it may have to be lined (the type of flue
liner needed depends on the individual situation).
Lining chimneys can be relatively expensive (see
section B3.8). If there is no chimney a new flue can
be installed, exiting the property through the roof or a
wall. Air vents may need to be installed. If the stove is
to be connected to a back-boiler this will also need to
be installed (if not already present). An existing shed, garage or out-building may sometimes be used
to store the fuel, or a new storage area can be built to protect the fuel from the weather.
Biomass boiler systems are considerably bigger, and are usually installed outside a property. All
associated components (e.g. fuel store, hot water cylinder and flue), are usually sited next to the
boiler. If there is a suitable out-building this could be used, otherwise a purpose-built structure may be
needed. If an existing building is being used, it may need additional ventilation. The hot water cylinder
is connected to the central heating system and domestic hot water via pipework.

B3.5

CAPACITY & EFFICIENCY

Stand-alone stoves generally have a capacity of around 6-12kW40. Boiler systems are bigger, and
generally have a capacity of at least 15kW41 (woodchip boilers are often significantly larger).

40

Discover renewable energy: heating your home with biomass (Energy Saving Trust, 2008)
Ibid
Renewable energy sources in rural environments (Energy Saving Trust, 2004)
43
Ibid
41
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Up to 85% of the heat generated by burning logs in open fireplaces is wasted42. By contrast, the best
biomass systems can be over 90% efficient43, and even non-automated systems (e.g. log stoves) can
be very efficient. Biomass boilers can provide all the space and water heating needs for even a poorlyinsulated property (making them particularly well-suited to many older properties).
The keys to biomass heating are efficiency (of the system selected) and control (i.e. how well it can
be controlled, ideally through in-built timers and thermostats).
Fuel with a high moisture content is less efficient, as the boiler or stove has to work harder to generate
heat, so more fuel is needed. When wood is cut from a tree it can be up to 60% water44, and freshlycut logs should be left to dry out or ‘season’ for 1-2 years before being used45. Seasoning time varies
according to the time of year the logs are cut: wood cut in winter months has a lower moisture content
than that cut in summer months, so less time is needed for seasoning46.
The type of wood affects the system’s efficiency. Softwood burns easily but quickly, while hardwood
burns for longer but can be harder to ignite. Some of the best woods to burn include ash, beech,
crabapple, hawthorn, hornbeam and wild cherry47.
The smaller the system (i.e. a small stove), the drier the fuel has to for it to work efficiently; this makes
pellets a good option in such situations. Woodchips tend to have a high moisture content.
In larger properties, stoves and individual room heaters can become less viable economically.
Biomass boilers can be more efficient, as they can burn at steady and constant rate, which increases
their efficiency, and can provide heat and hot water whenever they are needed, making them very
controllable.
Supplying biomass fuel does generate carbon emissions. However, even taking into account planting,
harvesting, processing and transportation, using wood instead of fossil fuels will reduce carbon
emissions by around 90%48. This indirectly-generated carbon is sometimes known as the ‘carbon load’.
How to maximise efficiency
●

Use a system with automatic feed and controls (ignition, thermostat and timer)

●

Install a system which provides as much heating as possible (i.e. whole-house
space and water heating)

●

Some stoves have heat plates on top, which can be used for heating water or even for
cooking food

●

Do not oversize the system, and include large hot water cylinders, so the biomass
boiler can work at or close to maximum capacity

●

Use the most efficient fuel type (i.e. pellets). If using logs, ensure they have had
time to dry out before using them

●

Use a local fuel supplier to minimise costs and benefit the local economy
(find suppliers at www.nef.org.uk/logpile)

●

Get fewer, bigger deliveries to minimise costs (where storage space allows)

●

Some properties may be able to grow their own fuel. If home-grown fuel needs to
be processed before being used, chipping machines can be bought or hired

Renewable energy sources in rural environments (Energy Saving Trust, 2004)
www.nef.org.uk/logpile
46
Ibid
47
Ibid
48
Renewable energy sources in rural environments (Energy Saving Trust, 2004)
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B3.6

MAINTENANCE AND HEALTH & SAFETY

Biomass systems have minimal maintenance requirements. However, most domestic systems need
regular fuel refills even if they are automatically-fed.
Manual systems (such as small log stoves) need more regular input, which will suit some householders
more than others. If using log systems, the weight of the logs may be a consideration for some
householders, and re-filling the basket from an outside store entails going outside in all weathers.
Ash needs to be emptied once the ash box gets full. In most cases, very little waste or smoke is
produced.
Poor-quality fuel can block an automated biomass system, so suitable and reputable fuel sources are
important.
The installer should provide an annual service, which should include cleaning the flue.
When pellets are delivered, they generally come in bags or are blown loose into the fuel store through
a pipe. Bags range from small sacks to 1 tonne bags; these smaller bags can either be delivered
individually, or on pallets by the tonne. During delivery, the fuel should be sheltered from any rain.
In some situations (mainly urban), the local authority’s Environmental Health department may have
designated certain areas as Smoke Control Areas (see www.uksmokecontrolareas.co.uk). In these
areas only stoves or boilers that comply with the Clean Air Act can be installed, and only authorised
fuels used. This Act is due to be updated, which may affect the eligibility criteria for biomass systems.
Restrictions can also be put in place if an area is designated as an Air Quality Management Area
(AQMA). These are generally urban areas; maps of all UK AQMAs can be accessed at www.airquality.
co.uk/archive/laqm/laqm.php. Scotland has tighter emissions restrictions than most other European
countries, and some Environmental Health departments currently advise against biomass installations
in these Areas (see section B3.9) due to concerns over certain particulates emitted by burning
biomass, despite recent research49 which found little concern with current or predicted levels of
biomass use. It may be possible to satisfy any concerns by installing ‘emissions abatement equipment’
as part of a biomass system50.

B3.7

ANY OTHER CONSIDERATIONS

The fuel source should be sustainable (i.e. ongoing, local and
causing no harm to the local environment in terms of land, flora and
fauna). Biomass fuel often has an added environmental benefit of
reducing the amount of wood going to landfill. In Scotland there
are several pellet producers, and a further large production plant
is currently in development. On a national scale, maintaining a
sustainable fuel supply could become difficult if biomass heating
were to become a predominant form of energy generation in the
UK; this makes biomass best suited for use in combination with
other clean energy sources.

The low light levels inside many
plantations can be detrimental to
wildlife, plants and land conditions

Biomass systems can often be best-suited to rural areas, as fuel supply, access and emissions are
less likely to be an issue. Rural properties are also more likely to be off the gas or electricity networks.
Storage space can be a limiting factor for urban installations. The chart on the following page
illustrates the relative space needed for different fuels.
49

Measurement and modelling of fine particulate (PM10 & PM2.5) emissions from wood-burning biomass boilers
(AEA Energy & Environment, 2008)
50
Biomass heating: a practical guide for potential users (Carbon Trust, 2009)
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A communal biomass system can have lower associated emissions than the equivalent number of
individual biomass systems51.
Using biomass systems can be a very effective
way of becoming more aware of energy
consumption. Whereas many fossil fuel systems
are delivered to households ‘invisibly’ and
the supply is rarely in doubt, biomass can
highlight issues of supply and sustainability:
as the fuel sits in a pile in or next to a property,
householders are often very aware of how
much fuel is left, and can modify their behaviour
according to fuel supply.
Biomass is also in some ways a satisfactory
medium between a conventional (fossil-fuel)
heating system and a pure microgeneration
system: the fuel supply is environmentally
sustainable, and it can be stored very simply and used on demand, making it very controllable. Indeed,
achieving a comfortable temperature can to some degree be achieved simply by sitting closer or further
away from a stove.
Volume of fuels needed to meet annual heating demand
(courtesy of Centre for Sustainable Energy)

Perhaps one of the biggest benefits of biomass systems for traditionally-built properties is that it
can be very effective even where a property has relatively poor energy efficiency, unlike some other
microgeneration systems (this should not encourage a lack of attention to energy efficiency, however).

B3.8

COSTS

Costs are very dependent on individual circumstances, as well as the size, efficiency and controllability
of the system.
Installation of a small (6-12 kW) pellet stove could cost around £3,00052, while a typical 20kW biomass
boiler could cost between £10,000-£15,00053. Any associated works (e.g. flue, plumbing, storage
shed, hot water cylinder, new radiators or commissioning) could substantially increase the total cost.
The cost of lining a chimney is dependent largely on its height, and tall chimneys (e.g. in a lower-floor
tenement flat) can make a biomass installation considerably more expensive.
Grants are available to help cover installation costs (see section B1.9). Grants cover most aspects of
a biomass installation except for the ‘heating distribution system’ (i.e. radiators or under-floor heating),
although in many cases this will already be in place. Log stoves and most non-automated systems are
not currently eligible for grants; this may change in the future, which would help increase the uptake of
biomass systems.
The running costs of biomass systems are higher
than those of other microgeneration technologies, as
a constant fuel supply is needed. However, prices are
becoming very competitive with fossil fuels, and this
should increase as fossil fuels rise in price as their
availability reduces. The table below shows current fuel
price comparisons54.

Fuel
Wood pellets
Gas (natural)
Heating oil
LPG (domestic)
Electricity

Cost per
kWh (pence)
4.0 p
4.2 p
4.5 p
5.0 p
9.0 p

51

Ibid
Discover renewable energy: heating your home with biomass (Energy Saving Trust, 2008)
www.onsitegeneration.co.uk
54
www.arranwoodfuels.co.uk (Spring 2009) / www.biomassenergycentre.org.uk for natural gas figure (November 2008)

52
53
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B3.9

PERMISSIONS

The table below outlines which permissions may be needed for a biomass installation. Local planning
and building control departments should be contacted at an early stage to confirm these and any
other requirements.

Planning permission

May be needed for a flue installation that does not meet Permitted
Development criteria (see below), or for a new building to house the
system or fuel store

Listed building consent

Needed for a new flue or building on or within the grounds of a
listed building

Building warrant

May be needed for a flue installation, or for a new building to house
the system or fuel store

Other permissions

●

Where a biomass installation is proposed in an AQMA
(see below, and section B3.6), the local Environmental
Health department should be contacted before proceeding,
to confirm whether any additional abatement equipment is
needed and whether the installation can go ahead.

There is currently a lack of clarity over biomass installations in AQMAs (see
above, and section B3.6). Environmental Health departments may object to
planning applications for biomass systems in AQMAs, which would result in the
application being rejected. However, Environmental Health departments only
become involved where a proposed installation passes through the planning or
building control system. As planning permission for biomass systems mainly
relates to new flues, a system that does not require a new flue would not need
planning permission. It is unclear whether such a system could be legally
installed in an AQMA. As such, it is always advisable to contact both installers
and Environmental Health officers at an early stage.

55
56

www.onsitegeneration.org.uk
Ibid
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Logs are the cheapest biomass fuel, costing around £50 per tonne55; pellets cost more (but are more
efficient), costing around £130-£200 per tonne depending on the quantity purchased56. A local fuel
supply and fewer, bigger deliveries will minimise costs, and fuel can sometimes be grown on site. The
moisture content of the fuel will also affect its price, with drier, more efficient fuel costing more; if a
property has sufficient interim supply, however, fresh logs high in moisture could be purchased and
stored for seasoning.
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Permitted development (see section B1.8)
Under the following criteria57, a biomass flue may be installed without having to apply for planning
permission:
●
The flue is no more than 1m above the highest point of the roof
●

For buildings in protected areas (such as conservation areas), the flue is not on the
principal elevation or visible from the road

●

The flue is not within an Air Quality Management Area

If a proposed installation does not meet these criteria, it does not automatically mean it will not be
permitted, however it does mean that planning permission is needed.
Permitted development does not apply to any new outbuildings required for a biomass system.
Permitted development applies only to planning permission; other permissions may still be
needed (see previous page).

Considerations for historic buildings
The air-tightness and insulation of a building do not necessarily affect the viability or
effectiveness of biomass heating system. This can make biomass an excellent energy source
for older buildings, which may be inherently more draughty and less well insulated. Energy
efficiency should always be improved as much as possible, however: regardless of the
heating system, the less heat that escapes from a property the less fuel will be needed, the
smaller the system will need to be, and the cheaper the running costs will be.

This stove utilises the original fireplace
and chimney, and the fuel is from local
land. The system is made more efficient
by heating water for coffee!
(© R Heath)

Stoves can be effective in heating the thermal mass (i.e.
solid walls) of traditional buildings; this heat is stored in the
walls and given back out into the property gradually. This
can benefit all the walls of the room containing a stove,
but will be most effective on the wall next to the stove (or
above it if it sits in a recessed fireplace), particularly where
it comprises an original chimney. This can be particularly
effective where the stove is sited centrally (i.e. under or
against an internal wall), as any heat given out on the
other side of the wall will benefit that room (as opposed to
external walls, where the heat given out on the other side of
the wall is lost).

Where a building has an existing fireplace and / or chimney,
this can be an ideal site for a biomass stove. The existing chimney can then be used as the
flue (although it may need lining).
If a new flue is needed on a historic building, this could be an issue for the local planning
department. Siting a flue as discreetly as possible, and away from the principal elevation,
should minimise the likelihood of any difficulty in obtaining permission for the installation.
Similarly, any new structure needed to house a biomass boiler system or fuel supply needs
careful siting and design. Where an existing building can be used, this may be preferable to
the local planning department.
The roof areas of older buildings can sometimes house wildlife. Some birds and all bats are
protected under law, which may mean that flue installations and maintenance can only go
ahead when they are not present. Guidance can be found at www.rspb.org.uk and www.bats.
org.uk.
57

Scottish Statutory Instrument No. 34 (Scottish Government, 2009)
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B4

Heat Pumps
B4.1

INTRODUCTION

Heat pumps are common in our households, in the form of refrigerators. It is only recently, however,
that this technology has been used to generate heat. The majority of heat pump systems generate hot
water, which can be used to provide space heating or a domestic hot water supply.
Heat pumps are tried and tested, particularly in other countries, and can be a very efficient form of
heating. Depending on the technology, they can be nearly invisible, and some can provide space
cooling in hotter periods.
If a property is well-insulated and relatively airtight, a heat pump could be an effective microgeneration
option.

B4.2

HOW IT WORKS

Basic requirements
●

Space for the heat pump (inside the property)

●

Ground space (for a ground source heat pump)

●

Machinery access for installation (for a ground source heat pump)

●

High levels of insulation and airtightness in property

●

Top-up heating system for times of peak need

●

Heating distribution system (i.e. under-floor heating or radiators)

●

Sufficient power from grid or other generation source to start heat pump

Heat pumps take the heat from the ground, air or water, and increase it to usable temperatures
for a property. They are generally used for space heating, and sometimes for hot water. The heat
they generate is normally distributed via under-floor heating or radiators. A heat pump can be
connected to an existing central heating system (although some alterations may be needed;
see section B4.4).
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There are three main components in a heat pump system:
●
●

Heat exchanger - extracts heat from the source (ground, air or water)
Heat pump – increases the extracted heat to a high enough temperature to
heat a property

●

Distribution system – the way heat is transmitted around a property
(this comprises either radiators or, ideally, under-floor heating)

Heat pumps work most efficiently when they heat water to relatively low temperatures. This makes
them most effective when combined with under-floor heating, which needs a lower circulating
water temperature than that needed for radiator systems. The constant, lower temperature of such
a system should provide the same comfort levels as the shorter, higher bursts of heat common with
conventional central heating systems.
Controls for space heating can be simple indoor thermostats, or they can be set to follow weather
conditions through outdoor air sensors. In some systems a timer can ensure that the heat pump does
most work during cheaper, off-peak electricity periods (see section B4.8). Some systems can be
remotely controlled, allowing a system in a holiday home (for example) to be activated in advance so
that the property is heated on arrival.
Heat pump systems are fully controllable, however they differ fundamentally from conventional central
heating systems in that they should be set to provide a constant temperature, rather than coming on
and off at timed intervals. A system is set initially at the desired temperature, and once set it stays at
that temperature. It can be altered or over-ridden, but this should only be necessary for periods of
unusually high heating need, or to reflect seasonal temperature variations. They are slow to react to
changes, and can take some time to reach the new temperature.
The control system can be programmed to divert any surplus heating to a hot water system. If
this is insufficient for all hot water needs, a back-up water heating system can be set to come on
automatically.
Like a conventional central heating system, a heat pump needs electricity to run. However, it generates
much more energy than it uses (see section B4.5). Many heat pumps require a relatively powerful
surge of electricity to turn on (see section B4.4.1).

B4.3

DIFFERENT TECHNOLOGIES

Heat pumps are categorised according to the heat source: ground source, water source, and air
source (either fresh air, or warm air within a property or ventilation system).

B4.3.1 Ground source heat pump
The earth is warmed by the sun, and this warmth is stored close to the surface. This stored heat
remains at a constant temperature making it an ideal heat source.
A ground source heat pump extracts this heat via a long, fluid-filled underground pipe. This fluid is
pumped around the pipe, and collects the heat from the ground. This heat is then transmitted to the
heat pump, where it is increased to a usable temperature.
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Trench system (courtesy of Ice Energy)

Borehole system (courtesy of Ice Energy)

Ground source heat pump systems can be either direct or indirect. Direct systems circulate the liquid
through the entire system; they are rare in the UK58. More common are indirect systems, where
the liquid circulates only in the underground pipework. In these systems, the heat from the liquid is
transferred to the heat pump via a heat exchanger.

B4.3.2 Water source heat pump
A water source heat pump uses exactly the same technology as the ground source heat pump. The
only difference is that the pipe runs through water rather than the ground.
The water source is commonly a pond, lake or a river. The piping is installed very simply as no
borehole or trench is needed; it is simply laid along the bed of the water source.
Water temperature is more variable than ground temperature, so their heating provision may fluctuate
more than a ground source heat pump. However, water is a good conductor, so a water source heat
pump can work very efficiently (see section B4.5).

B4.3.3 Air source heat pump
While the principle of an air source heat pump is the same as that of
other heat pumps, it collects heat in a different way. A fan draws in air
over a heat exchanger, which extracts the heat in the air, and transfers it
to the heat pump.

Air source heat pump (courtesy of Ecoliving)
58

Domestic ground source heat pumps: design and installation of closed-loop systems (Energy Saving Trust, 2007)
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The underground pipe is commonly known as a ‘ground loop’, and is located either in one or several
deep boreholes, or runs through a long shallow trench. With a borehole system, a deep hole is drilled
into the earth: the pipe runs down to the bottom of this hole, turns on itself and runs back up to the
top. With a trench system, a long shallow trench or series of trenches are dug, and the pipe is laid to
run along the bottom of the trenches. The pipe can either be laid straight or in coils; a straight system
needs a longer trench. The coil system is often called a ‘slinky’ system.
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The variability of air temperature affects the efficiency of an air source heat pump;
as such, it may not be able to provide all of a property’s space heating requirements
on cold days without help from the back-up heating system. Air source heat pumps
are a good option for providing hot water in the summer, when the air temperatures
are higher and more constant. Air source heat pumps can be installed relatively
simply, since they do not need any major ground works.
Another type of air source heat pump is the exhaust air heat pump, which collects
heat from stale or ‘exhaust’ air. It works via a mechanical ventilation system, which
Exhaust air heat pump
(courtesy of On Site Generation)
pulls stale air out of rooms and replaces it with fresh air. Before being expelled from
the property the stale air passes over a heat exchanger, which extracts the heat from the air.
Exhaust air heat pumps can provide fresh air in a property, and some systems have space-saving
benefits as everything is contained within one unit, with no need for a separate heat pump, hot water
cylinder or ventilation fan. They are generally better suited to smaller properties, and require ducting for
the ventilation system, which may not be suitable for some traditional or historic properties.

B4.3.4 Distribution system
The main options for a heat pump’s distribution system
are underfloor heating, conventional radiators, or larger
low-temperature radiators. Some systems distribute heat
by blowing hot air into rooms, however these are relatively
uncommon.

Under-floor heating being installed
(courtesy of Centre for Sustainable Energy)

Under-floor heating does not require very hot water (3045oC59). As most heat pumps work most efficiently when
heating water to lower temperatures, this makes them
best suited to under-floor heating. Some heat pumps can
provide water at higher temperatures, but their efficiency
could be compromised.

Conventional radiators, installed with conventional central heating systems, work at high temperatures
(60-90oC60). If the cooler water from a heat pump runs through them, they will not provide adequate
heat unless they are very large. Larger, low-temperature (45-55oC61) radiators are available, however
they can take up a lot of space. Some older conventional radiator systems may have been over-sized
when installed, in which case it may be possible to use them with a heat pump system.

B4.3.5 Cooling systems
Some heat pumps can be reversed during warmer periods, to cool rather than heat a property.
Such systems are less efficient than standard heat pump systems (see section B4.5). In Scotland
and the rest of the UK, it is not anticipated that dedicated cooling systems are likely to be needed in
traditionally-built domestic properties in the near future. This guide does not cover such systems.

59
60
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Ibid
Ibid
Ibid
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B4.4

HOW IT IS INSTALLED

B4.4.1 System selection and sizing
The choice of heat pump system is dependent both on site conditions and householder needs. The
first step should be to decide whether the system is for space heating or hot water, or both. If opting
for hot water or both, the back-up system will need to be used more than would otherwise be the case
(see section B4.5). The installer should design and size the system.

For any heat pump to be a viable option, the property must be wellinsulated and relatively airtight. If this is not the case, remedial
work should be undertaken to remedy the situation, or a different
microgeneration technology should be selected. This can pose a potential
issue for many older buildings; the Considerations for historic buildings
box at the end of this section provides further details.
An air source heat pump can be the best option where there is no water source, limited ground space
or a limited budget (see section B4.8). An exhaust air heat pump may be a good option where a
ventilation system exists or is planned, and where the property is relatively small. They also function
most efficiently where a reasonable amount of heat is common in the building (through solar gain,
people or appliances, for example).
System size is dictated by the heating requirement. For existing buildings, this data is best obtained from
current fuel consumption, available from fuel bills. A building’s heat loss can be calculated using special
software, but the accuracy of most software packages varies, particularly in relation to older buildings62.
Accurate sizing is very important. A larger heat pump could cover all possible heating needs, but this
will result in an inefficient system as the maximum heating need (e.g. a very cold winter’s day) is rare.
It is generally considered more efficient to under-size the heat pump system slightly so it caters for a
household’s average heating needs, and to have a back-up system for times of peak need. As heat
pumps are slow to respond to changes, the back-up system should be able to provide heat rapidly
(e.g. immersion heater, biomass stove, or boiler).
If a heat pump is being used to provide hot water, it needs to be capable of providing water at 60oC, to
protect against legionella. While some heat pump systems can now provide water at this temperature,
most do not and so a top-up system is needed. The heat pump system should be sized so that most or
all of the heating can be done during an off-peak electricity tariff period (e.g. Economy 10).
It can be hard to size an air source heat pump accurately, due to the changeability of air temperature
(compared to the consistency of ground and water temperatures). A larger system may therefore be
needed, although design software often accounts for this.
A heat pump needs a powerful surge of electricity to activate it. If a property is grid-connected, the
installer should contact the Distribution Network Operator (DNO) early on to confirm the grid can
provide the surge needed for the proposed system. In some cases a smaller system may have to be
selected, or a ‘soft start’ system that comes on gradually could be used (such systems are becoming
more common). If a property is off-grid, the back-up system must be capable of delivering the start-up
surge needed; this could be difficult, and careful consideration is needed before installing a heat pump
system with no grid connection. In many cases a grid connection may be a necessity.
62

Energy modelling analysis of a traditionally built Scottish tenement flat (Changeworks, 2008)
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B4.4.2 System installation
An air source heat pump is installed relatively simply. The external fan unit is generally sited outside,
commonly next to the property, with a gap between the unit and the property to ensure adequate
ventilation. It may sometimes be possible to partially cover or hide it (through use of fencing, shrubbery
or a lean-to, for example) to minimise visual impact, noise and cold draughts, but adequate ventilation
must be maintained. Some systems are small and quiet enough to be installed out of sight in a loft
space. In such cases the loft hatch would need to be big enough for the system to pass through it, or
else it would need to be enlarged.

Borehole installation
(courtesy of On Site Generation)

Trench installation
(courtesy of Ecoliving)

Installing a ground source heat
pump is more laborious, but it is
practically invisible once installed.
The installation of the ground
loop for a typical domestic system
should take 1-2 days (depending
on ground conditions)63, whether
it runs along a trench or down a
borehole. Installation summaries
for both options are provided
below:

Borehole
●

One borehole should service an average home. Multiple boreholes should
not be too close together, to avoid them taking each other’s heat and reducing the
system’s efficiency; recommendations vary from 5 to 15 metres apart. Fewer, deeper
boreholes can be more efficient than more, shallower boreholes

●

A borehole is fairly narrow, and can usually be drilled reasonably quickly

●

A geological survey may be needed. Sometimes these can be purchased online from British Geological Survey at www.bgs.ac.uk/georeports

●

Most installers do not carry out the drilling, and the householder may have to arrange
the drilling separately. It is advisable to use a driller with experience of drilling for heat
pumps, and contracts should be checked for disclaimers

●

A run-off or drain should be set up before drilling, to drain any water struck; care must
be taken to comply with drainage regulations

●

Following installation, the borehole is backfilled with high-conductivity material

Trench

63

●

The trench is commonly 1-2 metres deep

●

Before digging, the site should be checked for local service pipes, cables, tree roots,
boulders and other blockages

●

A layer of sand is poured into the trench, the ground loop is laid on the sand,
and then covered with more sand to ensure good contact and conductivity

●

Multiple pipe runs can be laid in each trench, but they should not be too
close together (recommendations vary from 30cm to 1 metre apart). Likewise, parallel
trenches should not be too close together

●

Using slinky systems or multiple pipe runs in a trench will reduce the length of
trench needed

Domestic ground source heat pumps: design and installation of closed-loop systems (Energy Saving Trust, 2007)
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Pond loop being dropped into
water source (courtesy of Ecoliving)

For ground and water source heat pumps, any air should be flushed from the pipes before filling
them with the liquid. The antifreeze mixture used is dependent on the system and the location, so
the manufacturer and installer’s recommendations should always be followed to avoid freezing or
sludging.
For all the above systems, the external parts are connected to the heat pumps via insulated pipework
running through the wall of the property.
An exhaust air heat pump is installed in a different manner to the other heat pump systems, via a
system of ventilation ducts. These may be less viable for traditional and historic properties, and their
installation is not covered by this guide.
The actual heat pump unit looks like a large boiler, and is installed inside the property. Good systems
should be acoustically insulated and mounted on internal suspension pads, to dampen any noise.
Some noise may be emitted regardless, so siting a heat pump next to sensitive areas (such as
bedrooms) should be avoided.
In many cases a distribution system may already exist, in the form of radiators. However, for reasons
covered elsewhere (see section B4.3.5), alteration or upgrade may be necessary. These works may
include the following:
●

Installation of additional building insulation, to minimise heat loss

●

Increasing the radiator surface area by installing larger radiators (increasing the radiator
surface by 30-40%, and using water 20oC cooler, will provide the same heating levels as a
conventional system65)

●

Removing the radiators and installing under-floor
heating coils (careful consideration, and formal
permissions may be needed for historic homes; see
section B4.9 and the Considerations for historic
buildings box)

●

Changing the heating pipework (the distribution
system pipes must be a certain diameter, and many
older properties have narrow ‘microbore’ pipes)
Care is needed when lifting original flagstones
(© Crown Copyright, image reproduced courtesy of Historic Scotland)

In some cases a ‘buffer’ tank may be installed as well (some heat pump systems need a certain
amount of fluid in the system; if the distribution system is not big enough to hold all this fluid, a buffer
tank can take the excess). Where a heat pump is also contributing to the hot water supply, a top-up
system (e.g. condensing boiler or immersion heater) should also be installed if not already present.

64
65

Ibid
Ibid
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A water source heat pump is installed relatively simply. The pipe is
laid out similar to the trench system, but no trench is needed as it sits
on the bed of the water source. The pipe should be at a depth of at
least 2m64, and the water body must be big enough to prevent it from
freezing due to excess heat loss to the heat pump system (installers
should provide advice for individual situations).
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B4.5

CAPACITY & EFFICIENCY

A heat pump system can provide the majority of space heating needs and contribute to domestic hot
water as well, or be used solely for hot water. The single most important efficiency factor is the energy
efficiency of the property: if the property is poorly insulated and draughty, a heat pump will struggle to
work efficiently and is likely to cost more to run.
Ground source heat pumps are usually more efficient than air source heat pumps, as the source
temperature is more consistent. Air and water source heat pumps are subject to seasonal variations in
efficiency, but a water source heat pump can be the most efficient of all heat pumps overall, due to the
excellent conductivity of water66.
A heat pump generates far more energy than it uses. This is known as the ‘coefficient of performance’
(CoP). A heat pump with a CoP of 3, for example, will generate three times more energy than it uses (in
other words, it is 300% efficient). Most systems should have a CoP somewhere between 2.5 and 5.
The difference between the temperature received by the heat pump and the temperature needed for
use in the property is critical: the smaller this ‘in-out’ difference, the more efficiently the heat
pump operates. The example below demonstrates this.
Example
A ground source heat pump might get 10oC from the earth. If the heat pump has to
increase this to 40oC to serve an under-floor heating system, the in-out difference is 30.
Such a system would operate fairly efficiently. If, on the other hand, the same heat pump
were being used for domestic hot water and had to heat the water to 60oC, it would be far
less efficient as this is a difference of 50.

A ground source heat pump’s efficiency is affected by the ground conditions. For boreholes, the
rock’s thermal conductivity is important, and for trench systems the type and moisture content of the
soil is the determining factor (dry soil, with its poor thermal conductivity, can need 50% more piping
than moist soil67). A borehole system is more efficient than a trench system, as the deeper ground
temperature varies less.
A heat pump system’s economic efficiency is also dependent on how much any back-up system is
used, unless the back-up system also runs on renewable energy.
Under-floor heating is more efficient than radiator heating, as the lower water temperature needed
(see section 4.3.5) means the heat pump doesn’t have to work so hard.
If a heat pump is used to provide hot water as well as space heating, its efficiency will be compromised
since higher water temperatures are needed. Where the top-up system is a condensing boiler, it may
be most efficient to use the heat pump to heat the water to around 45oC (before its efficiency drops off)
and let the boiler bring it up to 60oC68.
Similarly, systems which are used to provide air cooling as well as heating can operate considerably
less efficiently than other systems69.

66

Ibid
Ibid
Ibid
69
Renewable energy factsheet 5: ground source heat pumps (Energy Saving Trust, 2005)
67

68
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In general, heat pumps should be turned on and left on: frequent alterations will result in less efficient
operation.
How to maximise efficiency
●

Ensure the property is as well-insulated and airtight as possible

●

Choose the heat source with the highest temperature possible

●

Select the most efficient system possible

●

Avoid over-sizing the system

●

Use under-floor heating where possible

●

Don’t over-ride the controls more than necessary

●

Don’t open windows more than necessary

●

Install other microgeneration technology to provide the electricity needed to run the
heat pump; if this isn’t possible, use a ‘green tariff’ from the power company

●

(If grid-connected) Use a cheap daytime tariff (Economy 7 or Economy 10)

B4.6

MAINTENANCE AND HEALTH & SAFETY

Heat pumps should last for around 25 years, and ground loops around 50 years70. Simple design and
little weather exposure should mean minimal maintenance needs.
An annual check by the installer is not a requirement, but may be advisable for peace of mind. The
refrigerant may need replacing eventually; this should be done by a specialist. If air gets into the system
it should be bled out, as with a conventional central heating system. The filter should be cleaned from
time to time.
Care should be taken not to damage trench-laid ground loops after installation (by digging, for
example). Borehole systems are less likely to suffer damage once installed.
For air source heat pumps, there have been instances of ice forming on the fan blades during cold
periods, which then causes a considerable noise when the fan spins. Careful system selection and
installation should eliminate this risk.
Poorly matched components may well not work properly together. This can be avoided by selecting a
well-matched system.
To avoid any problems in the distribution system, it should be constantly circulating so thermostatic
radiator valves (where present) should mostly be kept fully open (i.e. at their highest setting).
There should be no health and safety issues with heat pumps. The refrigerant liquid can be toxic,
however leaks should be avoided through proper installation.

70

Domestic ground source heat pumps: design and installation of closed-loop systems (Energy Saving Trust, 2007)
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Some air source heat pumps are less well suited to times of peak heating demand in the UK, as less
heat can be extracted from winter air. This makes such systems potentially better suited to summer
use for hot water only, or year-round use for low-level background heating, which could be particularly
applicable to protect the fabric of some historic buildings.
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B4.7

ANY OTHER CONSIDERATIONS

Heat pumps do vibrate, but this is unlikely to cause any harm to a building’s structure, particularly
where the heat pump has internal suspension.
Air source heat pumps produce a certain amount of noise. Discreet siting, even internally in a roof
space (see section B4.4.2), can minimise any disturbance, however if sited in a garden they could be
a disturbance for some householders. This could be magnified where several air source heat pumps
are sited in one area; as such, securing planning permission where there is already an air source heat
pump in a neighbouring home may sometimes be difficult (see section B4.9).
If multiple boreholes are too close together, there are reports of them taking so much heat from
the ground that the ground becomes cold and may damage plant and tree roots. Most domestic
installations are not big enough for this to be an issue.
The electrical surge (see section B4.4.1) that occurs when a heat pump starts up can affect electronic
equipment and make lights flicker, particularly in domestic situations. A ‘soft start’ system should minimise
any such effects. Alternative options include installing multiple, smaller heat pumps (e.g. one per floor), or
accessing a three-phase electricity supply71 if possible. Three-phase electricity provides a smoother and
more consistent supply than single-phase electricity72, but most UK domestic supplies are single phase.
Most heat pumps are manufactured abroad, and there have been instances of poorly-translated
installation and operating instructions complicating the set-up and running of a system. Likewise,
it could take longer tan usual to receive replacement parts if they need to be shipped from abroad.
However, these issues should become less likely as UK heat pump installations increase.
Constant fluctuations in
airtightness through frequent
window opening will affect a heat
pump’s efficiency. If a householder
it regulates the air and temperature
in their property by opening and
closing of windows, a heat pump
may not a viable option.

B4.8

Perhaps the most important consideration for the user of
a heat pump system is the behavioural change needed.
As a heat pump provides constant, lower-level heat rather
than the frequent high-level bursts of conventional heating
systems, householders should ensure they understand how
works. This can be exacerbated where radiators are replaced
with an under-floor heating system, which is both invisible
and provides no focal point. For those used to changing the
heating settings frequently, or sitting next to a hot radiator or
fireplace, these changes may take some getting used to.

COSTS

The main cost of a heat pump is its installation. The following costs are guidelines only, and include
everything apart from the distribution system.
For ground source heat pumps, a trench system could cost £600-£1,150 per kW installed, and a
borehole system £800-£1,500 per kW installed73. A trench system is cheaper than a borehole as no
drilling is needed. A bigger drilling rig should cost less than a smaller one, as it can do the drilling
more quickly.
An 8kW air source heat pump system, to serve a 2-3 bedroom house, should cost £8,000-£10,00074 to
install. A water source heat pump is the cheapest heat pump option, as no ground works are needed.
There are running costs associated with heat pumps, as they require electricity to operate. However,
the running costs of an efficient system can be cheaper than those of fossil fuel heating systems, even
gas-powered systems75.
71

Ibid
www.electricityforum.com
Domestic ground source heat pumps: design and installation of closed-loop systems (Energy Saving Trust, 2007)
74
www.onsitegeneration.co.uk
75
Renewable energy factsheet 5: ground source heat pumps (Energy Saving Trust, 2005)
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However, as heat pumps are still relatively new to the UK, some power companies may not be aware
that they consume less energy than they generate. As a consequence they may attempt to levy a
charge for an electrical upgrade that is not necessary77; providing a clear explanation of the system
should avoid this.
Grants are available to help cover installation costs (see section B1.9).

B4.9

PERMISSIONS

The table below outlines which permissions may be needed for a heat pump installation. Local
planning and building control departments should be contacted at an early stage to confirm these and
any other requirements.

Planning
permission

Needed for external elements of an air source heat pump (if there is another
air source heat pump installed nearby, it may be harder to secure planning
permission for others due to noise concerns); may be needed for an exhaust
air heat pump flue; all other installations are Permitted Development (see below)

Listed building
consent

Needed for an air source heat pump, any new building to house an air source
heat pump, or any flue needed for an exhaust air heat pump, on or within the
grounds of a listed building; may be needed for ground and water source heat
pumps; may be needed for under-floor heating systems

Building
warrant

May be needed where pipework penetrates property walls, for a new building
to house an air source heat pump, or for any flue needed for an exhaust air
heat pump

Other
permissions

●
●
●

Historic Scotland (or equivalent) should be contacted if the installation
could disrupt archaeological remains
The Scottish Environment Protection Agency should be contacted if
any ground or water installations are proposed in a protected natural site
Permission needed from Distribution Network Operator before
connecting system to electricity grid (installer should do this)

Permitted development (see section B1.8)
Under the following criteria78, a heat pump system may be installed without having to apply for
planning permission, even where the building is in a protected area (e.g. conservation area):
●
●

Ground source heat pumps are permitted, with no restrictions
Water source heat pumps are permitted, with no restrictions

If a proposed installation does not meet these criteria, it does not automatically mean it will not be
permitted, however it does mean that planning permission is needed.
Permitted development does not currently apply to air source heat pumps.
Permitted development applies only to planning permission; other permissions may still be
needed (see above).

76
77
78

The Scottish renewable heating pilot: an operational perspective (Energy Saving Trust, 2008)
Ibid
Scottish Statutory Instrument No. 34 (Scottish Government, 2009)
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As a heat pump runs constantly, it uses electricity at peak times (i.e. daytime) which can cost
significantly more. Changing to a cheap daytime tariff (e.g. Economy 10) will minimise the running
costs (a new meter will be needed). As heat pumps become more popular, UK power companies are
making it easier to change tariff76.
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Considerations for historic buildings
The minimal visibility of ground and water source heat pumps is a benefit from a
planning perspective, as they have no external visual impact on a historic building.
Perhaps the greatest barrier to the installation of heat pumps in historic buildings is their
reliance on high levels of insulation and airtightness. Traditionally-built properties tend to be
over-ventilated and often have low levels of insulation: neither of these is insurmountable,
however they were designed to breathe, and may not cope well with being over-sealed.
However, if adequate insulation levels can be achieved, and effective draughtproofing
installed, then heat pumps could be a viable energy source.
In certain cases, a historic building may benefit from constant, low-level heating to protect its
fabric or its contents (paintings, artefacts, furniture etc.). Such a system would need careful
design, but could perform very efficiently due to the low temperatures that would be needed.
If a ground source heat pump is being considered where there may be archaeological
remains, care should be taken to avoid disturbance, where possible.
Air source heat pumps can be well-suited to existing properties, as they do not require many
ground works and can link up with an existing central heating system (which can be used as
a backup system when needed). The main issue with air source heat pumps is the fact the
external fan is often visible. If it is likely to cause problems it may be possible to site it in an
out-building, or in the loft space.
While it is possible to retro-fit an exhaust air heat pump to a historic property, it may not
often be suitable as the ducting required may be out of keeping with the historic nature
of a property’s interior. Any flue needed for the exhaust air should be sited away from the
principal elevation. Ventilation systems are perhaps less viable for traditionally-built homes as
they rarely need additional ventilation (basement-level properties that lack windows may be
an exception).
The vibration from a typical domestic heat pump should not have any impact on the building
fabric. However, care should be taken if drilling near historic buildings, particularly where
their fabric or structure is sensitive.
Where older central heating systems are already present, the radiators may have been
over-sized. In such cases, it may sometimes be possible to use these existing radiators with
a heat pump system, as their greater surface area could compensate for the lower water
temperature. However, microbore pipes, which are more common in older properties, are
not compatible with many heat pump systems, and may
well need to be replaced with standard bore pipework.
Where new, low-temperature radiators are an option, their
appearance should be considered, as they are bulky and
have a different appearance from conventional radiators,
making them potentially more visually intrusive.

Borehole installation in Edinburgh’s New Town;
once installed, the system is invisible externally
(© Solar & Wind Applications)

Under-floor heating is the most discreet (and efficient)
distribution system, however careful consideration is
needed where there is an original (e.g. flagstone) floor on
the ground floor, to avoid damaging any original fabric. It
should be possible to lift the original flooring and re-lay
it on top of the under-floor system; the flagstones could
then act as a thermal store and help retain the heat.
Alternatively, a floor covering in keeping with the property
could be installed.
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Electricity-generating systems
B5.1

COMPONENTS

All microgeneration systems that generate electricity need the same core components in order to
operate. These are outlined in the table below.
Component

Description

Cable

Connects the microgeneration system to the other components

Rectifier

Regulates current and voltage

Inverter

Microgeneration systems generate Direct Current (DC) electricity.
The inverter changes this to Alternating Current (AC) current so it
can be used in domestic properties

Meter

Measures the electricity generated. As well as informing the
householder, a special meter is needed for selling ROCs and
exporting electricity to the grid (see section B1.9)

Control system

Adjusts system operation according to conditions, to prevent
overloading and damage, and to optimise performance

Isolator

Allows system to be isolated (cut off) for safety reasons when
works are needed to the system or to the grid (if grid-connected)

MCB

Miniature Circuit Breaker. This is installed in the main fuse box

Back-up system

Grid, battery bank or other electricity generator (see section B5.2)

Where a microgeneration system is connected to the grid, there will also be an additional input to the
fuse board from the grid.

B5.2

BACK-UP AND STORAGE SYSTEMS

A renewable electricity system only generates electricity when it is running (i.e. when a wind or hydro
turbine is turning, or when light is hitting a photovoltaic array). It also has no means of storing the
electricity it generates. A back-up supply is therefore needed for periods when no energy is being
generated. This can be achieved by connecting a property to the electricity grid, or by installing
storage batteries (a ‘battery bank’) and a back-up electricity generator.
A grid connection can provide the most reliable back-up source, but this is likely to generate indirect
carbon emissions, so this may not be the best option where environmental considerations are a priority.

Page 61

Renewable Heritage A guide to microgeneration in traditional and historic homes

| A Changeworks Initiative

B5 | Electricity-generating systems

B5

B5 | Electricity-generating systems

B

The other main option is to install a battery bank and a back-up electricity generator. The electricity
generated by the microgeneration system is sent to the battery bank, where it is stored until it needs to be
used. The back-up generator provides electricity at times when there is not enough energy stored in the
battery bank. The back-up generator can either be diesel-powered, or another microgeneration technology.

Battery bank
(Courtesy of On Site Generation)

B5.3

Diesel generator

If the battery bank is full and a
microgeneration system is continuing
to generate electricity, this excess
electricity can be diverted to a point of
use within the building (for example,
an electric room heater). Where a
property has a grid connection, this
excess electricity can be ‘exported’
to the grid, which pays the system’s
owner for any electricity received.

INSTALLATION

The cable connecting the microgeneration system to the other components, and to the property
being served, is generally sited underground in a shallow trench. It can also be run above ground on
poles, although this is potentially more intrusive. The cable’s access point into the building should be
properly sealed after installation, to prevent ingress of water or pests and to meet fire safety regulations.
Internal cables can often be fed through existing cable routes, with minimal disruption to fittings or
decoration79.
The cable links up with the electrical components (rectifier, inverter, meter, isolator), which are usually
fixed next to one another on a wall; this may be somewhere inside the property, or in an out-building
used to house the battery bank and diesel generator (see below). The meter, in particular, should be
easily visible by the householder.
A battery bank should be sized to store several days’ worth of the household’s electricity needs. It
is generally best sited in an out-building, although it could be installed inside a property if there is
sufficient space. Wherever it is sited, it must have adequate ventilation, as batteries give off gases that
can be dangerous if allowed to build up. The area should also be kept cool, as warmer temperatures
reduce battery life and capacity; the ideal ambient temperature is around 25oC80.

79
80

Photovoltaics: a guide for householders (Energy Saving Trust, 2007)
Installing small wind-powered electricity generating systems (Energy Saving Trust, 2004)
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Where a microgeneration system will be connected to the electricity grid, the installer must obtain
permission from the Distribution Network Operator (DNO) before commissioning (‘turning on’) the
system. The DNO owns or runs a distribution network, and is responsible for confirming requirements
for network connections. The installer should send copies of the Commissioning Form, Inverter
Certificate and electrical design to DNO81. A list of DNOs is available from the Energy Networks
Association.

B5.4

EFFICIENCY

Transmission losses from the cable should be relatively small (up to 4%82). These losses can be
minimised by siting the microgeneration system as close as possible to the property it is serving.
If a battery bank falls below 50% of its capacity, its efficiency will be compromised. This can be
avoided by a well-controlled system, whereby the back-up system automatically tops up the battery
bank to ensure it remains above 50% capacity. As mentioned previously, batteries kept in unsuitable
conditions could have a reduced efficiency, as could old batteries. They have a relatively short lifespan,
and will probably need replacing approximately every 10 years83.
If a battery bank is full and the microgeneration system is continuing to generate electricity, this surplus
can be automatically diverted to another point of use (such as a room heater), or to the grid (if gridconnected).
Using another microgeneration technology as the back-up system will ensure the property’s electricity
needs have no environmental impact. Some systems can be well suited to work together; see section
B1.6 for further information.

B5.5

COSTS

If a property is not connected to the electricity grid, this connection can be very expensive. In some
cases it could be cheaper to install a battery bank and back-up system, and remain off the grid.
Depending on its size, a battery bank could cost £1,500-£2,00084. The cost of a diesel generator is
dependent on its size, and fuel costs should also be considered.
One particular benefit of microgeneration systems that generate electricity is the potential money that
can be earned from them. Selling ROCs, selling electricity to the grid and feed-in tariffs can all generate
an income; see section B1.9 for further information.

A guide to UK mini-hydro developments (British Hydropower Association, 2005)
Installing small wind-powered electricity generating systems (Energy Saving Trust, 2004)
Renewable energy sources in rural environments (Energy Saving Trust, 2004)
84
Ibid

81

82

83
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In terms of a back-up system, a diesel-powered generator can be installed alongside the battery
bank. Due to the noise it makes, it may be best sited in an out-building. Adequate ventilation is also
needed for diesel generators, to prevent a build-up of exhaust fumes. Installation guidelines for other
microgeneration systems selected for the back-up system are included in the relevant sections of this
guide.

B5 | Electricity-generating systems

B

B5.6

PERMISSIONS

The table below outlines which permissions may be needed to install the back-up system and
electrical components. Local planning and building control departments should be contacted at an
early stage to confirm these and other requirements.
Permissions

Needed

Planning permission

Needed for any new structure to house the back-up system

Listed building consent

Needed for any new structure to house the back-up system within
the grounds of a listed building

Building warrant

Needed for any new structure needed to house the back-up system;
may be needed where cables penetrate the walls or roof, or connect
to the domestic electrical system

Other permissions

●

Historic Scotland (or equivalent) should be contacted if the
installation is likely to disrupt archaeological remains
● If the area is protected on environmental grounds, Scottish
Natural Heritage should be consulted
● For grid-connected systems, permission must be obtained from
the DNO before turning the system on for the first time.

Considerations for historic buildings
In a historic property, the number of fixings to the building fabric can be minimised
by mounting the electrical components on a single wooden board secured to the wall,
minimising any damage to the fabric.
Where a new building is needed to house the
equipment, it should be appropriately designed
so that it blends in with the existing buildings and
surroundings.
If there are archaeological remains in the area,
they should be avoided wherever possible by
diverting any underground cables.

Electrical components affixed to wooden board
(courtesy of On Site Generation)
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Wind
B6.1

INTRODUCTION

Windmills have been used for over 1,000 years for energy generation85, but using them to generate
electricity is a more modern development Scotland is well placed to benefit from wind energy, having
the best wind resources in Europe86.

European onshore wind resources
(© European Wind Atlas, 1989 www.windatlas.dk)

85
86

Renewable energy sources in rural environments (Energy Saving Trust, 2004)
www.bwea.com
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Wind turbines are one of the most iconic and controversial microgeneration technologies, due both to
their visual impact and ongoing debate over the efficiency of smaller and urban systems (see section
B6.4.1). This section aims to clarify when and where wind turbines can be used successfully. As a
general rule, this guide only recommends turbines installations away from built-up areas and
mounted on free-standing masts.
For the purposes of this guide, ‘micro’ or ‘small scale’ wind turbines include those mounted directly on
buildings, and those mounted on masts up to 15-20m high.
This section should be read in conjunction with section B5 of this guide.

B6.2

HOW IT WORKS

Basic requirements
●

Space to install turbine

●

Suitable site conditions, free of obstacles likely to impede wind flow

●

Adequate wind speed

●

Back-up electricity source (see section B5.2)

●

Space for a back-up electricity source (if not grid-connected)

Wind turbines operate on a simple principle: as with any propeller, wind passing over the angled
blades creates a lift force (the faster the wind, the greater the force) that causes the blades to spin. This
drives a turbine that generates electricity.
A wind turbine is mounted on a mast to lift it into the path of the wind. The mast is then either fixed
directly to a building (for short masts and small turbines) or free-standing away from the building
it serves (for taller masts and bigger turbines). Turbines can be designed to change their direction
according to the direction of the wind, so they can generate electricity whatever the wind direction.
A wind turbine only generates electricity when it is turning, and has no capacity to store electricity. A
back-up system is therefore needed, as detailed in section B5.2.
The main system components are the mast, turbine, and core electrical components detailed in
section B5.1.

B6.3

DIFFERENT TECHNOLOGIES

Wind turbines can be grid-connected or off-grid, as outlined above. However, they can also be direct
systems, meaning the electricity they generate is channelled directly to the point of use (for example,
an electric room heater). However, in this case the point of use has to be able to work from DC
electricity, making this an unsuitable option for many domestic situations.
Some wind turbines are designed to turn according to the wind’s direction. Different turbines are either
‘down-wind’ or ‘up-wind’ systems, i.e. they either turn into or away from the wind’s direction in order for
the blades to spin.
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The majority of wind turbines are ‘horizontal access wind turbines’ (i.e. they work by the wind
passing horizontally past the blades), and their blades resemble the sails on traditional windmills.
‘Vertical access wind turbines’, are less common. They have a different appearance, and are often
less efficient87. However, there are reports that they can perform better in areas where air turbulence
is common, making them potentially more viable for urban areas (athough urban installations are
generally problematic for wind turbine systems; see section B6.4.1).

Horizontal & vertical axis turbines (courtesy of On Site Generation)

Wind turbine masts are generally tubular, having the appearance of a single (generally white) pole.
Latticework masts also exist, and are similar in appearance to electricity pylon towers.

B6.4

SELECTION AND INSTALLATION

B6.4.1 Site assessment and system selection
Comparing different small-scale turbines can
be difficult, as manufacturers’ data sources
and methods vary88, and actual (as opposed to
theoretical) performance is also hard to predict
accurately (see section B6.5). As a general rule, the
bigger and higher the turbine, the more power it will
generate. This leads to a presumption of selecting
larger, mast-mounted turbines where possible.
(Image courtesy of On Site Generation)

Sizing and locating a wind turbine can also be complex, due to the number of variables at any potential
site. Ideally, any wind turbine would be sited on top of a smooth, rounded hill, in an area with high
average wind speeds and no surrounding obstacles. This generally makes rural locations far better
suited to wind turbines than urban areas.
One of the key site assessment criteria is the average annual wind speed, measured in metres per
second (1 m/s = 2.24 mph). For a turbine to be a viable option, the average annual wind speed at
the turbine height should be at least 5-6 m/s89 Wind speed increases with altitude. Further details on
assessing and calculating wind speed can be found in section B6.4.2.

87
88
89

Micro wind generation and traditional buildings (English Heritage, 2008)
Micro wind turbines in the UK domestic sector (Ahadzi et al, 2007)
Renewable energy sources in rural environments (Energy Saving Trust, 2004)
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In Scotland the prevailing wind comes from the south-west, making this the preferred orientation for a
turbine. A turbine should be sited well away from any obstructions (such as trees, hillocks or buildings),
as these create turbulence, which can significantly reduce a turbine’s performance. Ideally there
should be adequate clearance in all directions, however the most important clear paths needed are
up-wind and down-wind. A turbine should be sited at a distance twenty times the height of any up-wind
obstruction, and twice the height of any down-wind obstruction90. (Some sources recommend smaller
clearance distances, but a greater distance will minimise the chance of air disturbance.)

The shaded areas are subject to disturbed air flow, and therefore unsuited to wind turbine installations
(from Wind Power, © P. Gipe 2004; reproduced courtesy of Chelsea Green Publishing)

Urban installations

Siting (© British Wind Energy Association)

The fact urban areas are full of obstacles (i.e.
buildings) often all but rules out wind turbines as
viable energy generating technologies. Although
wind patterns in urban areas will broadly follow
general patterns over longer time periods, they are
subject to greater short-term (i.e. daily) variability91.
The more random wind patterns common in builtup areas can also increase the wear and tear of
a turbine, reducing its lifespan. The only place a
turbine would work effectively in urban areas is
high up above all surrounding obstacles, which
is unlikely to be permitted by the local planning
department, especially near listed properties or
in conservation areas. As such, wind turbines are
generally best suited to rural areas, with higher
average wind speeds, fewer obstacles and less
potential opposition.

B6.4.2 Wind speed
Scotland is very well-placed in Europe in terms of the amount of wind it receives, but this is extremely
variable both over time (daily and seasonally) and over different geographical locations (considerable
variations are possible over as little as 100m92).

90
91
92

Wind Power (Gipe, 2004)
Micro wind turbines in the UK domestic sector (Ahadzi et al, 2007)
Ibid
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The UK Government has created a wind speed database that provides the annual average wind speed
(at different heights) for any UK location; this can be accessed at www.bwea.com/noabl. However,
this database is too general to be reliable for a small-scale turbine installation, for two reasons. The
database does not take into account topography or surface roughness, which can result in urban
wind speeds being overestimated by around 2m/s93. It also is only specific down to one square
kilometre, which is too generalised for accurate predictions. (A recent study monitoring the annual
energy generation of two identical turbines within the same grid reference (i.e. with the same databasepredicted wind speed) showed that one turbine generated almost ten times more electricity than the
other94.)
A similar online tool, the Wind Yield Estimation Tool, has recently been developed by the Carbon Trust;
this can be accessed at www.carbontrust.co.uk/windpowerestimator. This tool provides estimates of annual
energy generation for proposed small-scale wind turbine installations. As the system takes account
of the surrounding landscape, and the type of turbine proposed, it may be more robust than other
estimating tools (a detailed assessment was not possible at the time of writing this guide).
Many accredited installers recommend monitoring the wind speed in the proposed site for at least one
year as part of the decision-making process. This gives an accurate assessment, and allows seasonal
variations in wind speed to be taken into account. This is done with an anemometer, which can be
purchased or hired. Analysing the data can be complicated; hiring should include analysis.

B6.4.3 System installation
For building-mounted turbines a structural survey of the
building is needed, to ensure that it can support the proposed
installation without subsequent damage. The fixing brackets
should be strong enough to withstand high winds without
damaging the turbine or the building. These brackets are
commonly installed with pads that dampen vibration.
On buildings with pitched roofs, the turbine mast should ideally
be fixed to a gable-end wall, allowing the mast to be as short
Mounting bracket (courtesy of On Site Generation)
as possible (and therefore more stable). High-hipped roofs can
be problematic, as a higher, less stable mast may be needed.
Turbine masts can be mounted directly on flat roofs, but care is needed to ensure the weatherproof
roof covering is not compromised.
For framed buildings, care is needed to ensure the turbine mast is fixed to a part of this frame; this may
entail the fixings passing through any building finish (such as render)95.
Chimney-stacks are not designed to take moving loads such as wind turbines, and in older buildings,
the mortar holding the chimney stack together could have become weakened by years of exposure to
heat and flue gases. These are therefore not generally suitable fixing sites (unless the stack is not in
use and can be reinforced).
Mast-mounted turbines should be clear of buildings, obstructions, underground and overground
electric cables, public highways and gathering areas, and fenced off from livestock96.

93

Ibid
Ibid
Micro wind generation and traditional buildings (English Heritage, 2008)
96
Installing small wind-powered electricity generating systems (Energy Saving Trust, 2004)
94

95
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A freestanding turbine mast is installed in a concrete
base. The cable, electrical components and back-up
system are installed as per section B5.3.
Useful checklists covering selection and installation
considerations are included as appendices in Installing
small wind-powered electricity generating systems
(Energy Saving Trust, 2004).

Turbine mast foundations before concrete is poured
(© Energy Renewed)

B6.5

CAPACITY & EFFICIENCY

Assuming good site conditions and wind speeds, the efficiency of a well-designed, medium-sized
wind turbine at present should be around 30%97. As a general rule, higher and larger turbines generate
more energy than smaller, lower turbines.
Unsuitable site conditions will greatly reduce a turbine’s efficiency (see section B6.4). Ideally, a turbine
should be sited on top of a smooth, rounded hill, in an area with high average wind speeds and no
surrounding obstacles (i.e. not an urban area).
The key to a turbine’s efficiency is maximising the power it can take from the wind. The speed of the
wind dictates the power that can be harnessed from it. There is a cubic relationship between wind
speed and power, so if the wind speed doubles, its power increases eightfold (i.e. 2 x 2 x 2)98. As such,
a site with a greater range of annual windspeeds could generate more power than a site with a more
constant but lower windspeed. Wind speed increases with altitude, so the height of a turbine also
affects its efficiency.
(The theoretical maximum, known as the Betz limit, dictates that it is only possible to harvest a
maximum of 59.3% of the wind’s power99. However, very high wind speeds are needed to maximise
the power taken from the wind, making this an unrealistic target for actual installations.)
Longer turbine blades allow more power to be captured: doubling the diameter of the rotor will
quadruple the power output100. Larger blade areas could also be more effective at lower wind speeds.
Fluctuations in wind speed affect a turbine’s electricity generation, and seasonal variations can be
considerable101. In Scotland, average wind speeds are greater in winter than in summer, however as
most energy is needed in winter months (for space heating and hot water), this creates a good match
with peak energy demand. There will be periods when a turbine does not generate any energy, as the
wind generally has to be above a certain speed before a turbine will start turning.
If an accurate average annual wind speed figure can be obtained, a turbine’s
annual electricity generation can be roughly estimated by the following calculation102:
kWh = 1.65 x turbine diameter (m)2 x annual average wind speed (m/s)3

Wind Power (Gipe, 2004)
Renewable energy sources in rural environments (Energy Saving Trust, 2004)
Wind Power (Gipe, 2004)
100
Renewable energy sources in rural environments (Energy Saving Trust, 2004)
101
Micro wind turbines in the UK domestic sector (Ahadzi et al, 2007)
102
Centre for Sustainable Energy
97

98

99
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How to maximise efficiency
●

Choose a site free of obstacles and with high average wind speeds

●

Mount the turbine as high as possible

●

Install as large a turbine as possible

●

Follow other efficiency notes for electricity-generation systems in section B5.4

B6.6

MAINTENANCE AND HEALTH & SAFETY

A small-scale wind turbine should have a lifetime of around 20-25 years103, and will usually come with a
warranty of several years. The turbine blades may need replacing within the lifetime of the turbine.
An annual maintenance check is generally needed; this should include a check of the foundations as
they are subject to considerable stress. Some manufacturers also recommend inspection following
severe winds.
If a wind turbine is designed, sited and installed correctly, there should not be any safety issues. Wind
turbines have inbuilt safety mechanisms to avoid excessive pressure on the turbine during high winds.
They may turn out of the wind, turn off, or change the pitch angle of the blades (allowing them to
continue turning and generating electricity safely).
In very cold conditions it is possible for ice to form on blades when they are not moving, which can
then come off when they turn, although most blades have coatings to protect against this.
Latticework masts can be more easily climbed than tubular masts. For such installations, measures
(e.g. fencing) should be taken to restrict unwanted access.

B6.7

ANY OTHER CONSIDERATIONS

Noise Levels
Noise from small wind turbines
can be categorised in two ways:
aerodynamic noise from the
rotating blades, or mechanical
noise from the generator.
Whether the noise is intrusive or
not will depend on the level of
extraneous background sound.
Turbine noise increases with
operating duty, but background
noise is also likely to increase
with stronger winds. In buildingmounted turbines, mechanical
vibrations may be transmitted
through the structure and this may
be experienced as audible noise.

103
104
105

Wind turbines do produce some noise, which may be
audible within a certain distance. However, higher wind
speeds can in themselves mask any noise from the
turbine. The box on the left, reproduced from an Energy
Saving Trust installer’s guide,104 provides more details on
this issue.
In certain light conditions, turning blades create flicker
and shadows. If the shadows extend to a property
or garden they could be an irritant; where this could
be an issue, siting should take this into account. The
organisation Epilepsy Action has confirmed there is
no evidence that this shadow flicker causes epileptic
seizures105.
If a turbine is sited on or near a building used by birds
or bats for roosting or nesting, or lies in their flight path,
the turning blades could pose a danger to them, as
could building-mounted installation or maintenance
(see section B6.9 and the Considerations for historic
buildings box at the end of this section).

www.bwea.com
Installing small wind-powered electricity generating systems (Energy Saving Trust, 2004)
www.epilepsy.org.uk
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Future obstacles, such as tree growth or a new building development, could compromise a wind
turbine’s performance. There are currently no laws protecting against this eventuality, although
objections can be made against any such proposed development. Maintaining good relationships
with neighbours may be the simplest and most effective protection, as well as checking with the local
planning department to ensure there are no such developments planned at the time of installation.

B6.8

COSTS

Wind turbines vary hugely in price, depending mainly on their size and height, and could range from
£2,000 to around £50,000. However, the price to a large extent reflects the energy likely to be delivered,
so the respective ‘payback periods’ could be similar.
In terms of mid-range domestic turbines, a 2.5kW mast-mounted turbine (and other system components)
may cost around £11,000-£13,000, while a 6kW turbine and components may cost around £18,000£25,000106. A reconditioned (i.e. second-hand) turbine will cost less than a new turbine.
An anemometer is relatively inexpensive to buy. Hiring will cost more, as it should include analysis of the
results; these costs could be considerable.
Grants are available to help cover installation costs, and wind turbines can generate additional ongoing
income (see section B1.9).

B6.9

PERMISSIONS

There are many planning considerations for wind turbine installations: visual impact, noise impact,
building safety (for building-mounted systems), mounting method, vibration, colour, noise, flicker and
shadow flicker, safety, wildlife, and the cumulative visual impact of multiple turbines.
As wind turbines are highly visible and emotive, neighbours and the immediate community should
always be kept informed of a potential installation, as their involvement is more likely to create a positive
perception and support, and they may even wish to link up and install a communal system.
The following table outlines which permissions may be needed for a wind turbine installation. Local
planning and building control departments should be contacted at an early stage to confirm these and
any other requirements.

Permissions

106

Needed

Planning permission

Needed (noise details and a shadow flicker assessment may need
to be included); proof of neighbour notification is also needed if the
turbine would be sited within a certain distance of their boundary

Listed building consent

Needed for any wind turbine installations on or within the grounds
of a listed building

Building warrant

Needed for building-mounted turbines, and for any new structure
needed to house the back-up system; may be needed where cables
penetrate the walls or roof

Discover renewable energy: using the wind’s energy to power your home (Energy Saving Trust, 2008)
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Permissions
Other permissions

Needed
●

Historic Scotland (or equivalent) should be contacted if a freestanding installation is likely to disrupt archaeological remains

●

Where taller turbines could affect flight paths, the British Wind
Energy Association (www.bwea.com) should be contacted for
further advice

●

The RSPB or Bat Conservation Trust should be contacted if a
proposed installation is close to a bat or protected bird roosting
site

Permitted development (see section B1.8)
Permitted development does not currently apply to any wind turbines107

Considerations for historic buildings
Building-mounted turbines will often not be permitted on historic buildings.
This is most likely to be due to their visual impact, however the installation process or any
vibration could also affect the building fabric. This makes free-standing mast-mounted
turbines more viable for many historic properties.
Even where a proposed mast-mounted turbine would be sited away from a historic building,
the planning department should always be involved at an early stage to ensure satisfactory
siting. In some cases a compromise may be needed in terms of the size, height or location of
a proposed turbine.
There are other visual considerations apart from the visual impact on the property itself.
Certain sites were designed to be seen from other sites (this is known as ‘intervisibility’
), and one or more turbines could change the sightline and the general setting. However,
landscapes are rarely static, and sensitive developments can be very successful (e.g. the
‘Dancing Ladies’ on the Isle of Gigha).
Original building fabric is considered important to the cultural value of a historic building. As
such, installation of a wind turbine and associated cables should minimise loss or damage of
this original fabric. In most cases this should be negligible, as the majority of the works are
external.
Compared to other developments (a new building, for example), mast-mounted wind turbine
installations create very little ground disturbance. If there are archaeological remains in
the area, they should be avoided wherever possible, perhaps by re-siting some or all of the
system components.

107
108

Scottish Statutory Instrument No. 34 (Scottish Government, 2009)
Wind energy and the historic environment (English Heritage, 2005)
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Considerations for historic buildings (continued)
Building conservation organisations are often concerned with the ‘reversibility’ of
any work done to a historic building. As a wind turbine’s lifespan is shorter than that of the
average building, removal and replacement options should be considered during the initial
installation so that loss or damage of original fabric can be kept to a minimum.
The roof areas of older buildings can sometimes house wildlife. Some birds and all bats
are protected under law, which may mean that building-mounted turbine installations and
maintenance can only go ahead when they are not present.
Guidance can be found at www.rspb.org.uk and www.bats.org.uk.

A turbine installed next to a traditional building on Tiree (courtesy of On Site Generation)
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B7

Hydro
B7.1

INTRODUCTION

Micro hydro systems are one of the
most reliable, durable and costeffective renewable energy options
available. They provide a steady,
predictable source of electricity, run
very efficiently and can cost less
than other electricity generation
technologies. If a property is
situated near a suitable water
source, hydropower could be the
best source of renewable electricity.

B6.2

Hydropower has been harnessed by people for over
2,000 years109. Old-fashioned water wheels have now
been superseded by smaller turbines, making them
smaller, faster and more efficient.
Domestic hydropower systems are known as ‘micro’
hydro systems, and are far smaller and simpler than
large-scale hydropower systems.
This section should be read in conjunction with section
B5 of this guide.

HOW IT WORKS

Basic requirements
●

●
●
●
●

Water – a nearby source of running water, with a relatively consistent flow and an
adequate height range (‘head’, see below)
Access for construction machinery
Access and potentially leasing permission if using neighbouring land
Back-up electricity source (see section B5.2)
Space for a back-up electricity source (if not grid-connected)

A hydro turbine works in the same way as a wind turbine, generating
electricity as it rotates, with water rather than air driving the turbine.
The power that can be taken from water is dependent on two
things: the volume of running water (‘flow’, measured in metres3
or litres per second), and the difference in height between the
point where the water is taken from the source and the point
where it is returned to the source after passing by the turbine
(‘head’, measured in metres).

Head & flow
(© British Hydropower Association)

109

Discover renewable energy: using water to make your own electricity (Energy Saving Trust, 2007)
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Unlike old-fashioned water wheels, micro hydro turbines are not installed directly in the water. Rather,
some water is diverted out of a river (or other water source) upstream of the turbine, and channelled
past the turbine, forcing it to turn and generate electricity. This water is then channelled back into the
river downstream.
A hydro turbine only generates electricity when it is turning, and has no capacity to store electricity. A
back-up system is therefore needed, as detailed in section B5.2.
Component

Description

Intake

Diverts water from the main source (e.g. a river)

Canal (or ‘leat’)

Channels diverted water from the intake to the forebay tank. For
high and medium head systems (see section B7.4) a canal is not
always needed

Trash rack

Metal grille to prevent fish and debris from entering forebay tank

‘Forebay’ (or ‘settling’)
tank

Slows water flow and allows sediment to settle

Pressure pipe
(or ‘penstock’)

Carries water (under pressure) from the forebay tank to the turbine

Turbine

Spins to generate electricity

‘Outflow’ (or ‘tailrace’)

Channels water from the turbine back into the main source
(e.g. river)

The other components are the core electrical parts, detailed in section B5.1.

Needed

Canal
(courtesy of On Site Generation)

Trash rack
(courtesy of On Site Generation)

Penstock and turbine
(courtesy of On Site Generation)

Modern hydro systems are commonly automatically controlled. Manual systems can be installed,
although these require regular direct involvement from the user.
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B7.3

DIFFERENT TECHNOLOGIES

Micro hydro systems are classified according to the site conditions:
●
●
●

High head (where the head is greater than 50m)
Medium head (where the head is between 10-50m)
Low head (where the head is less than 10m)

There are two main turbine options: ‘reaction’ and ‘impulse’ turbines. A reaction turbine operates
in water, whereas an impulse turbine operates in air and is driven by water jets. Micro hydro systems
commonly incorporate impulse turbines. Within both types of turbine, there are several variations;
installers can recommend particular turbines for individual installations, and further details on the
different turbines can be found in A guide to UK mini-hydro developments (British Hydropower
Association, 2005). Two key points should be noted:
●

For high head systems, a Pelton wheel can often be the most efficient type of turbine

●

The flow of water fluctuates with time and rainfall patterns; this affects turbine performance.
When the water flow reduces, both Pelton and Kaplan turbines retain very high efficiencies110

Another, more recent technology is the Archimedean Screw system, where the conventional turbine is
replaced by a giant screw that turns as water runs down it, and generates electricity.

A 5kW Pelton Wheel turbine with manual controls, powered
by 3 offset water jets; a smaller 1kW Pelton Wheel turbine
is behind, powered by 2 off-set water jets (inset)

B7.4

HOW IT IS INSTALLED

B7.4.1

Site assessment and system selection

A larger Archimedean Screw, powered by
water running down the screw
(© British hydropower Association)

Sites need careful assessment before deciding to install a hydro system; this is complex and must
be carried out by a qualified installer or consultant. Generally, hydro systems are best-suited to rural
sites, ideally either hilly locations with fast-flowing rivers or lowland areas with wide rivers. In certain
conditions urban installations are feasible. In all cases, former mills or mill sites can be regarded as
prime sites.
The suitability of the water source is the key determinant of a hydro system’s viability. A hydro system
can be installed where there is a high head or a high flow, and the ideal system has both. Where
there is a low head, a higher flow rate is needed to compensate. Once the flow and head have been
calculated, the available power and the annual electricity generation of a proposed hydro system can
be estimated.

110

A guide to UK mini-hydro developments (British Hydropower Association, 2005)

Renewable Heritage A guide to microgeneration in traditional and historic homes

Page 77
| A Changeworks Initiative

B7 | Hydro

B

Canal And Penstock

Penstock Only

Mill Leat

Barrage

Different installation options (© British Hydropower Association)

Head is measured in metres. A basic estimate can be made by counting the contour lines on a
1:50,000 scale Ordnance Survey map (each contour line represents a 10m height difference); this is
easier on high-head sites. This will provide for a broad estimate, however for sizing the hydro system
an accurate measurement is necessary; this is obtained by using a theodolite level, and is best left
to a professional. Where the head is found to be low, it is important that it is measured in all river
conditions, as low head water sources change with rainfall patterns (with increased rainfall, the lower
end of a river generally rises quicker than higher end, resulting in a lower head which will affect the
performance of a hydro system111).
Flow is measured in cubic metres per second, or sometimes in litres per second: (1,000 litres = 1m3).
The flow can be estimated by using national data collected by the Centre for Ecology and Hydrology;
some data is available online at www.ceh.ac.uk/data/nrfa. When using this data, allowances
should be made for distance of proposed site from where official measurement was taken (i.e. up
or downstream). If this data suggests that there is sufficient flow for a hydro system, an exact site
measurement must be obtained. The most accurate measuring method is to install a weir and monitor
the flow, ideally over a year or more to allow for seasonal fluctuations112; again, this should be done by
a professional.
Once the head and flow are known, the system can be sized accordingly. The potential power of a
hydro system can be calculated using the following formula113:

x

Flow (m3/second)
Head (m)
7 (typical system efficiency, i.e. 70%)
Power (kW)

Once the potential power of a hydro system has been established, the annual electricity generation
can be estimated, using the following formula114:

x

Needed
System power (kW)
8,760 (hours per year)
0.5 (typical capacity factor)
Annual generation (kWh)

When sizing a hydro system, the installer should ensure that a minimum water flow, known as
‘compensation flow’, is left in the river to minimise any impact on resident plants and wildlife, and the
site’s appearance; this is known as ‘compensation flow’. The amount of water taken from a river should
never be more than its mean annual flow115, however the small size of most domestic hydro systems
means this should not be an issue.

A guide to UK mini-hydro developments (British Hydropower Association, 2005)
Ibid
Ibid
114
Ibid
115
Ibid
111

112

113
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The installer should also ensure the system is sized to give it the greatest capacity factor possible
(see section B6.5.1). If a system is oversized, it will generate a lot of electricity at times of maximum water
flow, but work less efficiently at other times; a smaller system will not be able to generate so much
electricity at times of maximum water flow, but it will run at maximum capacity more of the time.
Land ownership may need to be confirmed before proceeding, as water courses often form ownership
boundaries, making ownership of banks and rivers potentially complex116. It may be possible to install
a hydro system on neighbouring land but permission should be sought, even if only for temporary
access during construction of the hydro system. If a system does extend onto neighbouring land,
a leasing agreement and maintenance responsibilities may need to be agreed in advance. Further
details can be found in section B6.9.

B7.4.2 System installation
For standard turbine installations, water is diverted from its source upstream of the turbine installation,
and it runs down a canal into the forebay tank. From there it runs down the penstock, arriving at the
turbine under considerable pressure. Once it has run past the turbine it is channelled back into the
water source downstream. Considerable building works are required to install the intake, leat, forebay
tank, penstock, turbine and outflow canal.
The water intake is often fitted into a weir. For high and medium head systems, a canal is not always
needed; likewise, if the terrain is unsuitable or the site is environmentally sensitive, the canal can
be omitted117. This option involves the least building work, although the penstock usually has to run
underground so a trench is needed.
For Archimedean Screw systems, the screw is installed alongside a dam or weir. Water is diverted from
above the weir, flows down the screw and back into the river.
The turbine is usually sited next to the core electrical
components and any backup system in an outbuilding,
sometimes called a ‘powerhouse’; this avoids any noise
or space issues. If a suitable building is not present, a
new structure will be needed as the powerhouse. The
turbine is connected to these other elements, and to the
property being served, as per section B5.3.

B7.5

CAPACITY & EFFICIENCY

A sensitively-designed powerhouse
(© British hydropower Association)

The potential energy of a water source is dependent on the flow and head measurements (see section
B4). Ideally both measurements should be high, however the head height is more important than the
flow rate in determining the available power. Higher-head systems generally provide more power than
lower-head systems.
The proportion of the potential energy that can be captured and converted into electricity is dependent
on a hydro system’s efficiency. Hydro systems are very efficient microgeneration technologies: a wellsited domestic system should operate at around 60-80% efficiency118.
As water flow is often fairly constant, the electricity supply from a hydro system is not subject to sudden
changes. This makes hydro systems a very reliable and predictable source of electricity.

118

Ibid
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Rainfall patterns do affect water flow, however any variability in electricity output is gradual and so there
should be no sudden fluctuations. Water flows also vary over different seasons: there is generally a
greater water flow in winter, when demand for space and water heating is greatest in the UK. As such,
hydro systems are a good match with peak UK energy demand.
The size of the penstock can affect a system’s efficiency: a smaller diameter pipe creates more friction
as the water flows through it, so more energy is lost in transmission119. This is known as ‘head loss’.

B7.5.1

Capacity factor

The relatively constant nature of most water supplies, and the efficiency of hydro turbines, means
that a hydro system will often run at full capacity. The proportion of time at which a system runs at full
capacity is known as the ‘capacity factor’ (CF). The capacity factor of a typical domestic hydro system
is over 50% (this is considerably higher than many other microgeneration technologies)120.
Although hydro systems have a high CF and perform efficiently, there will be periods of lower energy
generation. This is partially due to fluctuations in water flow (caused by variable rainfall patterns), but it
is also dependent on the size of the system, as follows:
If a bigger system is chosen, it will generate more electricity at times of maximum water flow,
but it will work less efficiently at other times. If a smaller system is chosen, it will not be able to
take such great advantage of periods of maximum water flow, but it will run at full capacity
more of the time. (For example: if the system is sized according to the mean annual flow rate,
the CF could be 40%, but by sizing the system based on one-third of the mean annual flow
rate the CF could rise to 70%121.) A balance should be struck, ideally installing a system which
will have a CF of at least 50%.

●

Once a hydro system has been installed and has been in operation for at least a year, its exact capacity
factor can be easily calculated using the following formula122:
Annual energy generation (kWh)
System size (kW) x 8,760 (hours per year)
How to maximise efficiency
●

Size the hydro system properly

●

Install the most efficient turbine possible

●

Select a site where the head and flow are as large as possible

●

Follow other efficiency notes for electricity-generation systems in section B5.4

B7.6

MAINTENANCE AND HEALTH & SAFETY

Hydro systems are long-lasting, with expected lifespans of over 50 years123. They are a reliable form
of microgeneration technology, with minimal maintenance needs particularly where the system is
automatically controlled.

Renewable energy sources in rural environments (Energy Saving Trust, 2004)
A guide to UK mini-hydro developments (British Hydropower Association, 2005)
Ibid
122
Ibid
122
Ibid
119

120

121
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An annual service will probably be recommended by the installer or manufacturer. Bearings and seals
eventually need to be replaced, since they last for around 10 years124.
It is important that the trash rack (see section B6.2) on the forebay tank is cleaned on a regular basis;
this is done manually and should be a straightforward process. If any blockage should get into the
turbine, the system will need to be turned off and cleaned.
A hydro system should pose no health & safety threats to the user. Any system components which bear
any risk should be clearly labelled by the installer.

B7.7

ANY OTHER CONSIDERATIONS

A hydro system makes a certain amount of noise, as does a diesel generator if this is being used as a
back-up system). This can usually be resolved by putting them in an outbuilding. Any neighbours likely
to be able to hear the system should be consulted in advance, as their involvement is more likely to
result in support for the system, and they may even wish to link up and install a communal system.
Some may have concerns over the environmental impact of a hydro installation on the water source.
By restricting the proportion of water being removed from the source, any impact on the river’s
ecosystem should be negligible. Domestic hydro systems are small, and do not usually require enough
water to cause concern. The filtering grille in front of the forebay tank should prevent fish and other
animals from entering the system; if this is of particular concern, other preventative measures can be
taken. In all cases, Scottish Natural Heritage and the Scottish Environment Protection Agency should
be consulted prior to installation (see section B7.9).

B7.8

COSTS

Hydro systems can be a very cost-effective renewable energy option. As for other microgeneration
technologies, the main expense is the capital cost of buying and installing the system. For hydro
systems, these costs cover machinery, building works, electrical works and external costs (i.e. fees).
The following table provides approximate cost estimates for buying and installing micro hydro. As with
all microgeneration technologies, the actual costs will be dependent on the individual installation. As
the size of system increases, the cost per kW generally gets lower.
A low head system, up to 10kW in size and close to the water source, could cost around £3-4,000
per kW installed125. A medium head system could have a fixed cost of around £10,000, plus around
£2,500 per kW installed (so, for example, a 5kW system should cost around £22,500)126. Higher
head systems are generally cheaper, as they need smaller turbines and less equipment127. Grants are
available to help cover installation costs, and wind turbines can generate additional ongoing income
(see section B1.9).
A smaller diameter penstock pipe costs less (but is less efficient; see section B7.5). If the penstock
needs to be buried, this will carry an additional cost.
The initial site survey and assessment will probably attract a fee. If a system is installed on land owned
by someone else, there may be a leasing cost.

124

Ibid
Discover renewable energy: using water to make your own electricity (Energy Saving Trust, 2007)
Ibid
127
A guide to UK mini-hydro developments (British Hydropower Association, 2005)
125

126
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B7.9

PERMISSIONS

The table below outlines which permissions may be needed for a hydro system installation. Local
planning and building control departments should be contacted at an early stage to confirm these and
any other requirements.
Permissions

Needed

Planning permission

Needed in the majority of cases; may not needed if refurbishing
an old system (i.e. a mill)

Listed building consent

Needed for any hydro system installations on or within the grounds
of a listed building

Building warrant

Needed for any new structure, including that needed to house the
back-up system; may be needed where cables

Other permissions

●

●

●

●

●

●

Historic Scotland (or equivalent) should be contacted if the
installation is likely to disrupt archaeological remains
An Abstraction Licence must be obtained from the Scottish
Environment Protection Agency
An Impoundment Licence may be needed from the Scottish
Environment Protection Agency if a new weir is installed or an
existing one altered
Scottish Natural Heritage should be consulted to address any
other environmental impacts
Permission should be sought from any other landowners where
access is needed or where an installation extends onto
neighbouring land. In the latter case, a leasing agreement and
confirmation of maintenance responsibilities may be needed
It may also be advisable to contact relevant fisheries bodies or
angling clubs, to ensure any concerns are addressed prior to
installation

Permitted development (see section B1.8)
.
Permitted development does not currently apply to any hydro systems128

128

Scottish Statutory Instrument No. 34 (Scottish Government, 2009)
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Considerations for historic buildings
In some cases, hydro power offers an excellent opportunity to enhance the character
of a historic building. Many old mills or former mill sites are given some formal protection
through listing: re-instating their original power source, albeit in a more up-to-date form, can
not only add to their historic appeal but also make them self-sustaining. Such installations
should be encouraged and supported by planning and conservation bodies. The Mills
section of the Society for the Protection of Ancient Buildings (SPAB) can provide more
information; see www.spab.org.uk.
A hydro system may have a visual impact on the landscape. This can be minimised by
sensitive site selection (without compromising the performance of the system), and by design
measures such as burying the penstock, and using an existing outbuilding to house the
turbine and other equipment where possible.
Original building fabric is considered important to the cultural value of a historic building. As
such, installation of hydro systems and associated cables should minimise loss or damage of
this original fabric. In most cases this should be negligible, as the majority of the works are
external.
If there are archaeological remains in the area, they should be avoided wherever possible,
perhaps by re-siting some or all of the system components.
Building conservation organisations are often concerned with the ‘reversibility’ of any work
done to a historic building. As a hydro system’s lifespan is shorter than that of the average
building, removal and replacement options should be considered during the initial installation
so that loss or damage of original fabric can be kept to a minimum.

Gants Mill (© British Hydropower Association)
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B8

Photovoltaics
B8.1

INTRODUCTION

Photovoltaics (PV), generally in panel form, convert the light from the sun into electricity. Their use in
domestic situations is far from new: most schoolchildren will be familiar with the PV cells on calculators.
In much the same way as solar water heating panels, they are generally sited on roofs, although as the
technology develops PV can increasingly be incorporated into other elements of a building.
PV is predicted to meet 14% of the global electricity demand by 2030129. This would save 1.6 billion
tonnes of carbon130, making an immense contribution to minimising the negative impact domestic
energy demands have on the environment.
This section should be read in conjunction with section B5 of this guide.

B8.2

HOW IT WORKS

Basic requirements
●
●

●
●
●

Sunlight
Unshaded space (usually on a roof) for the solar panels, ideally facing as close to due
south as possible
A strong enough roof (for roof-mounted systems) to support the PV panels
Back-up electricity source (see section B5.2)
Space for a back-up electricity source (if not grid-connected)

A PV system consists of multiple PV cells. A single cell generates a small amount of electricity.
Individual cells are combined to form ‘modules’, which in turn are linked together to form an ‘array’.
PV cells are made from a semiconductor material, so they have an electrical conductivity that
increases with temperature. The most widely used semiconductor is silicon (present in many domestic
appliances such as computers, televisions and radios), but other semiconductor materials are being
developed for PV systems.
Whenever light falls on PV cells it generates electricity. The more light a PV array receives, the more
electricity is generated. Direct light is best: PV cells still work in diffuse (i.e. cloudy) light conditions
but not so efficiently (they can perform up to 20 times better in direct light131). Section B2.1 has more
information on direct and diffuse light in the UK.
A PV array only generates electricity when light is falling on it, and has no capacity to store electricity. A
back-up system is therefore needed, as detailed in section B5.2.
The main system components are the PV array, and the core electrical components detailed in section
B5.1.
129
130
131

Solar generation V – 2008 (EPIA and Greenpeace International, 2008)
Ibid
Photovoltaics in buildings: a design guide (DTI, 1999)
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B8.3

DIFFERENT TECHNOLOGIES

There are three main types of PV module, as follows:
●
Monocrystalline
This is the most efficient panel type, and also the most expensive due to the intensive
manufacturing process. The silicon used in this type of panel is made from a single crystal.
●
Polycrystalline
This panel type is slightly less efficient, but is cheaper. It consists of multiple slices of silicon
made into cells.
●
Amorphous thin film
This panel type is much cheaper than the other types, however it is compromised by a much
lower efficiency. It can be useful where only small amounts of electricity are needed (e.g.
boats, caravans). They work much better in diffuse sunlight than the other 2 types132, and can
be made from flexible materials.
These technologies can be combined, to form ‘hybrid’ PV modules. These combine the respective
advantages of the different technologies in multiple layers, and at no extra cost. Hybrid systems
represent the best value for money (in terms of smallest area needed to generate most electricity at
minimum cost) of any current system133.
(While silicon remains the predominant material in PV cells, other semiconductor materials are
becoming more popular. CIGS (Copper Indium Gallium Selenide), is not as efficient as silicon in
crystalline form, but is far cheaper and is more efficient when used in thin film arrays, which may make
it a popular option in the future.)
A PV array can be incorporated into a property in different ways:
●

Roof-mounted panels can be put on pitched and flat roofs, and the panels can either sit on
top of the existing roof surface or recessed into it.

●

Traditional-look PV roof tile
(© Heritage Solar Slate)

PV tiles can replace conventional roof tiles or slates.
These provide two functions, both as the protective
roof covering and as a means of generating electricity.
This can be a good option where the roof covering
has to be replaced, making it more cost-effective. For
historic buildings, PV tiles that replicate the look of
traditional slates are also available134.
PV cells can be incorporated into glazing. This has two
functions,allowing light into a building and generating
electricity. These systems provide a dappled light (which
has been compared with ‘sunlight filtered through trees’135).

●

PV in glazing
(courtesy of On Site Generation)

Panels can be sited on the ground, mounted on a frame
or a short mast and connected to the building by a cable.
This can be useful where the roof area is shaded but there
is a sunny area of ground nearby.

●

Mast mounted PV
(© Solar & Wind Applications)

●

PV modules can be built into walls or used as sun shades. These installations are more viable
when incorporated into new buildings.

Renewable energy sources in rural environments (Energy Saving Trust, 2004)
Photovoltaics: a guide for householders (Energy Saving Trust, 2007)
www.heritagesolarslate.co.uk
135
Photovoltaics in buildings: a design guide (DTI, 1999)
132

133
134
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B8.4

SELECTION AND INSTALLATION

B8.4.1 System selection
A site assessment should be carried out to ensure there is sufficient unshaded area to site a PV array.
As the efficiency of PV cells is relatively low, a large array and more space is needed compared to solar
water heating panels).
A single PV panel is usually one square metre. A typical domestic installation may have a power rating
of 1.5kW, and need an area of 12-15 square metres136.
A system should always be sized to match the individual needs of a property. Some properties may
only require electricity to power their lighting and appliances, however where a property relies on
electricity for space and water heating the demand will be considerably higher.
It is also important to consider future needs. For example, if more or less household members are
anticipated in the future, the electricity needs will vary.
Current electricity use can be worked out by looking at recent electricity bills.
B8.4.2 System installation
If any part of a PV array is overshadowed, the performance of the whole array will be seriously
compromised, since all the cells are interlinked. The array must therefore be sited away from trees,
buildings, chimneys, dormer windows and other potential obstacles. Dirt (such as leaves or bird
faeces) on a PV array also affects performance, so areas (trees, aerials, etc.) where birds are likely to
roost should also be avoided.
For roof-mounted arrays, a structural survey is needed to
ensure the roof can support the weight of the panels.
On pitched roofs, PV panels sit proud of the roof plane or are
recessed into the roof. For recessed panels, some roof tiles
are removed to accommodate the panels. In both cases the
panels are fixed onto the rafters. Where the panel fixings and
cables go through the roof covering (tile or slate, and roof felt),
it is important that weatherproofing is maintained.
Typical panel installation (© Solar & Wind Applications)

On flat roofs, PV panels are usually mounted on angled
frames to allow them to receive maximum sunlight. The
frames are then secured to the roof joists. Alternatively, panels
on flat roofs can sit in angled trays, which contain sufficient
ballast that they do not have to be secured to the roof. Flat
roofs allow for more flexibility than pitched roofs in terms of
orientation of the panels.
PV modules in trays on a flat roof
(© Solar & Wind Applications)

A PV installation on a flat roof could be timed to coincide with replacing the roof covering, as flat roof
coverings can have lifespans as short as 10-15 years137. This is not generally an option for lead roofs,
which can last over 100 years138. However, lead sheet expands and contracts over time, so lead roof
experts should be consulted prior to installation to ensure the PV array fixings do not adversely affect
the lead.
136
137
138

www.onsitegeneration.co.uk
Small scale solar electric (photovoltaics) energy ands traditional buildings (English Heritage, 2008)
Ibid
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As with conventional roof tiles or slates, PV tiles are fixed onto tile
battens, and overlap one another. They are then are connected
together electrically. PV tiles may not be compatible with some roof
tiles or slates, which may make partial roof coverage problematic.
This is not an issue where the whole roof covering is being
replaced. With any roof installation, tiles may get broken, so it is
advisable to have replacements available.
PV arrays mounted on the ground are generally on a frame or a
short mast.
Once installed, a PV array is connected to the remaining system
components via a cable. The cable, electrical components and
back-up system are installed as per section B5.3.
PV tiles on a timber building
(courtesy of the Centre for Sustainable Energy)

B8.5

CAPACITY & EFFICIENCY

Annual solar radiation figures are far more reliable than, for example, annual wind figures, so predicted
electricity generation figures for PV arrays are generally reliable, assuming suitable site conditions.
PV modules are rated in ‘peak Watts’ (pW): this is the maximum electricity the module can generate on
a sunny day in June. However, the amount of light varies day by day, so a 1kW system will not generate
1kW of power very often. In a year, a 1kW system in Scotland should generate around 800 kWh of
electricity139.
A typical domestic installation of 1.5kW should provide around a third of the annual electricity needs
(lighting and appliances) of the average household140. Where the household also relies on electricity for
space and water heating, this proportion will be considerably lower.
PV is not the most efficient microgeneration technology at present (although future improvements
are predicted). It has a theoretical maximum efficiency of around 30%141. This may seem low, but
efficiencies should be kept in perspective: the national grid, which has been the UK’s main source of
electricity for many years, is only 25-30%
efficient142 (the rest is lost through system
inefficiencies and transmission losses).
The efficiency of a PV system is dependent
on a number of factors. If the location
receives little solar radiation, a PV array
will never work efficiently. The angle and
orientation of a PV array dictates the
amount of solar radiation it receives. Due
to the sun’s differing height in different
seasons, lower panel pitches generally
Efficiency loss according to tilt and orientation of
panels in Eskdalemuir, Scotland
generate more energy during summer
(reproduced under the terms of the Click-Use Licence
from Photovoltaics in buildings: a design guide,
months, while steeper angles collect more
© Crown Copyright 1999).
of the sun’s energy during winter months.
100%
corresponds
to
the
tilt and orientation that gives the maximum total
The optimum orientation is due south
solar radiation (920kWh/m2/yr on a surface oriented due south at a tilt of
o
(some leeway to east and west, ideally
36 ) on a fixed surface in Eskdalemuir (55’19’ N, 3’12’W)
within 20o, is also viable143). Any overshadowing should also be avoided (see section B8.4.2).
Renewable energy sources in rural environments (Energy Saving Trust, 2004)
www.onsitegeneration.co.uk
141
Photovoltaics in buildings: a design guide (DTI, 1999)
142
Ibid
143
Ibid
139

140
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Different PV technologies have different efficiencies (see section B8.3). Monocrystalline systems are
around 12-15% efficient, polycrystalline around 10-13% efficient and amorphous thin film around 3-6%
efficient144. Hybrid arrays (see section B8.3) are the most efficient and cost-effective systems at present.
One of the biggest challenges for grid-connected PV systems is that most households are unoccupied
during most daylight hours. This means the electricity generated will be wasted unless it is either
stored for later use (via a battery bank), or sold to the grid. However, power companies buy electricity
for less than they sell it, so a householder in this situation would effectively sell their home-generated
electricity to the grid for a low price and then pay a higher price to get it back.
How to maximise efficiency
●

Install in the area receiving most sunlight, and with no overshadowing

●

Ensure the array is as close as possible to the optimum angle and orientation

●

Ensure the array has adequate ventilation

●

Install the most efficient PV system

●

Ensure panels remain clean

●

(For grid-connected systems) Where possible, organise domestic activities that use
electricity (e.g. washing, dishwashing, ironing etc.) during daylight hours. (If this is not
possible, consider selling the electricity generated to the grid or installing a storage
system)

●

Where a roof needs replacing, consider installing PV tiles as a cost-effective solution

●

Follow other efficiency notes for electricity-generation systems in section B5.4

B8.6

MAINTENANCE AND HEALTH & SAFETY

PV systems are relatively simple and reliable, and have no moving parts, and there are minimal
maintenance requirements. The installer should provide a list of any maintenance checks145, and the
manufacturer’s manual should always be referred to in the first instance.
An annual inspection may be needed to check for damage, dirt or water penetration to the PV array,
and to check the wiring. A basic check of the electronic components should be carried out every two
years.
While rain will help keep a PV array clean, it may need occasional additional cleaning, particularly if it is
exposed to dirty air (e.g. exhaust fumes).
PV arrays are typically guaranteed for up to 25 years, and inverters for 5 years146. Different PV
technologies have different lifespans: monocrystalline can last for around 25-30 years, polycrystalline
around 20-25 years, and amorphous thin film around 15-20 years147.
Whenever a PV module is exposed to the light it will be generating electricity, and this function cannot
be turned off148. With proper installation this should pose no danger, as the wiring and any other live
parts should be adequately protected.

Renewable energy sources in rural environments (Energy Saving Trust, 2004)
Photovoltaics: a guide for householders (Energy Saving Trust, 2007)
146
Ibid
147
Renewable energy sources in rural environments (Energy Saving Trust, 2004)
148
Photovoltaics in buildings: guide to the installation of PV systems, 2nd edition (DTI, 2006)

144
145
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The performance of a PV array will fluctuate over days and seasons, as weather and light conditions
are changeable. If the air temperature around a PV array rises above 25oC, its efficiency drops. This is
generally avoidable by designed a PV array so that it is adequately ventilated.
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PV systems contain direct current (DC) wiring, which many electrical installers may be unfamiliar
with149. An experienced installer should be used for any electrical maintenance.
Any potentially dangerous (e.g. electrical) parts of any microgeneration system should be clearly
labelled by the installer.

B8.7

ANY OTHER CONSIDERATIONS

It should be recognised that visible things like PV arrays could attract unwanted attention in some
areas. Particularly where an array is sited on the ground, care should be taken to avoid siting it where
stones or other objects could be thrown at it, as PV modules are fragile and repair can be expensive.
It is sometimes claimed that the energy needed to manufacture PV cells results in high associated
carbon emissions. Recent research has shown that the amount of carbon saved by the PV cells, over
their operating lifetime, is far more than that emitted during their manufacture150. The average ‘energy
payback’ on PV cells is around 5 years151.
Future overshadowing, such as tree growth or a new building development, could compromise a PV
array’s performance. There are currently no laws protecting against future overshadowing, although
the Scottish Government’s Planning Advice Note on microgeneration states that ‘developers and
planning authorities should…try to ensure that new buildings or extensions do not overshadow
existing solar panels on neighbouring buildings’152. Objections can be made against any proposed
development. Maintaining good relationships with neighbours may be the simplest and most effective
protection, as well as checking with the local planning department to ensure there are no such
developments planned at the time of installation.

B8.8

COSTS

PV has immense potential for providing ‘clean’ domestic electricity, but one of the biggest drawbacks
at present is the high capital cost of buying and installing the technology. This is due to the large area
of PV cells needed. The silicon present in most PV systems is a major component of the cost. As
technology advances new materials may reduce these costs.
For a standard roof-mounted PV panel array, purchase and installation costs should be around
£6-7,000 per kW installed153. PV panels that are recessed into a roof are more expensive than those
that sit on top of the roof, and PV tiles are more expensive than PV panels. However, where a tiled or
slated roof needs to be replaced, it can be particularly cost-effective to install PV roof tiles as the new
roof covering. This allows the costs of the PV system to be largely integrated into the re-roofing costs.
Grants are available to help cover installation costs, and photovoltaic systems can generate additional
ongoing income (see section B1.9).

B8.9

PERMISSIONS

The following table outlines which permissions may be needed for a PV installation. Local planning
and building control departments should be contacted at an early stage to confirm these and any
other requirements.

149

Ibid
Life cycle assessment of a medium-sized photovoltaic facility at a high-latitude location (Kubie et al, 2006)
151
Photovoltaics in buildings: a design guide (DTI, 1999)
152
Planning Advice Note 45 Annex: planning for micro renewables (Scottish Executive, 2006)
153
www.onsitegeneration.co.uk
150
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Permissions

Needed

Planning permission

Only needed where the array does not meet Permitted Development
criteria (see below); if planning permission is needed, proof of
neighbour notification will also be needed

Listed building consent

Needed for any panel installations on or within the grounds of a
listed building

Building warrant

May be needed where building-mounted, where pipework
penetrates the walls or roof, or where a new building is needed to
house a battery bank or back-up system

Other permissions

●

Neighbours must be notified if installing panels on a shared
roof or if running pipework through other properties. For any
installation on a shared roof or where pipework runs through
other properties, maintenance liabilities may need to be
confirmed
● Historic Scotland (or equivalent) should be contacted if a freestanding installation is likely to disrupt archaeological remains

Permitted development (see section B1.8)
Under the following criteria154, a photovoltaic array may be installed without having to apply for
planning permission:
●

●
●
●

●

On a pitched roof or a wall, a maximum protrusion of 200mm above the surface,
and no higher than the highest point of a roof on which it is installed
On a flat roof, no more than 1m in height, and at least 1m from the roof’s edge
On a building containing a flat, no panels are installed on the walls
On the ground, no more than 4m in height and 9m2 in size, at least as far away
from all land boundaries as their height, and no more than 1 per property
For buildings in protected areas (such as conservation areas), it is not on the
principal elevation or visible from the road, are as discreet as is reasonably
possible, and are removed if no longer needed or functioning

If a proposed installation does not meet these criteria, it does not automatically mean it will not be
permitted, however it does mean that formal planning permission is needed.
Permitted development applies only to planning permission; other permissions may still be
needed (see above).

154

Scottish Statutory Instrument No. 34 (Scottish Government, 2009)
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Considerations for historic buildings
PV panels may not be permitted on roofs above the principal elevation (the side of the
building most viewed, generally that facing a road). If the south-facing roof space is above
the principal elevation, it may therefore not be a viable installation.
A recessed panel system (see section B2.5), or PV roof tiles, both of which reduce the visual impact,
could sometimes be more appropriate. PV tiles have a different appearance to panels, which in
turn vary according to their type. The visual impact of PV tiles can depend on how much of a roof is
covered: 100% coverage has a more uniform appearance that may be preferable in certain instances.
The type of tile selected can also make a difference: some PV tiles look like authentic slates155 and have
been successfully used in listed UK buildings. Views on appearance can be subjective, and the local
planning department may have a preferred type.
Alternatively, it may be possible to install panels elsewhere (e.g. on the ground, on a garage roof, etc.)
and link them to the property from there.
Some roof types can be particularly well-suited for PV arrays. The design of a double-pitched
‘M-shaped’ roof (common on Georgian buildings) gives it a hidden central valley. If this runs in a
broadly east-west direction, this provides an invisible south-facing roof within the valley. This should
remove any planning issues concerning visual impact, and can be an excellent solution for PV
installations in historic homes. (Part C in this document provides a detailed case study of a large solar
system (albeit solar water heating rather than PV) on exactly this type of roof, installed on Georgian flats
in Edinburgh’s World Heritage Site.)
Where a flat roof has a lead covering, a specialist lead contractor should be consulted to ensure there
is no damage to the roof by installing the system’s pipework156.
Thatched roofs are not suitable for PV installations157.
Original building fabric is considered important to the cultural value of a historic building. As such,
installation of PV arrays and associated pipework should minimise loss or damage of this original
fabric. In most cases this can be limited to holes made in the roof for the panel fixings and pipework,
and holes drilled in the building for pipework.
Planning restrictions may demand that a recessed PV panel system is used (see above); this entails
removing an area of the roof covering which inevitably results in loss of the covering material. (This
could be stored, however, so that it can be replaced if the solar panels ever be removed). Installing
PV roof tiles would involve a similar loss of material, however if the original roof covering is in need of
replacement in any case, this is less of an issue.
If a roof has stone or old handmade tiles it can be difficult finding replacements158; so it may be
advisable to source replacements in advance, as some tiles may be damaged during the installation.
To minimise damage, the installer should ensure they understand the different ways that different roof
coverings are put together.
Building conservation organisations are often
concerned with the ‘reversibility’ of any work
done to a historic building. As a PV system’s
lifespan is considerably shorter than that of
the average building, removal and replacement
options should be considered during the initial
installation so that loss or damage of original
fabric can be kept to a minimum.
The roof areas of older buildings can sometimes
house wildlife. Some birds and all bats are
protected under law, which may mean that
photovoltaic installations and maintenance
can only go ahead when they are not present.
Guidance can be found at www.rspb.org.uk and
www.bats.org.uk.

© Solar & Wind Applications

www.heritagesolarslate.co.uk
Small scale solar electric (photovoltaics) energy ands traditional buildings (English Heritage, 2008)
Ibid
158
Ibid
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C1

Case study summary
This case study describes a project called Renewable Heritage, carried out in Edinburgh in 20089 by Changeworks, in collaboration with a number of key partners including eaga Charitable Trust,
Edinburgh World Heritage, Lister Housing Co-operative and The City of Edinburgh Council.
Under Stage 1 of the project, solar water heating systems were installed to serve forty-nine flats in
seven stairs of B-listed Georgian tenement buildings in the heart of Edinburgh. (Subject to funding, a
further Stage 2 project later in 2009 will see the same systems installed in flats in two further stairs).
The properties lie in the Old Town Conservation Area, and form part of the Old and New Towns of
Edinburgh UNESCO World Heritage Site.
The groundbreaking nature of the installations provided solar water heating not only to top floor
households, but also to those on the lower and basement levels.

As a result of the stage 1 project, forty-nine historic, traditionally-built tenement flats,
owned by a social housing provider, will now have around half their annual hot water
needs met by a free, renewable source of energy: the sun. The results of this will be
considerably lower fuel bills for these vulnerable householders, a reduced reliance on
fossil fuels, and lower carbon emissions from the buildings.

By installing appropriate clean energy systems into these stonebuilt, listed tenements in the heart of a a UNESCO World Heritage
Site, they have become some of the most sustainable historic
buildings in Edinburgh.

© Crown Copyright, image reproduced courtesy of Historic Scotland

A number of factors contributed
to the project’s success. Among
the most important were thorough
research, a good understanding
of the technology, and effective
partnership working between the
key parties involved in the project:
planners, conservation bodies,
housing professionals, energy
consultants, technical experts and
the householders themselves.
Funding was also crucial, as
was a good understanding of
the complexities of the project:
whole-tenement solar system
installations are very different from
a standard domestic installation.
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Project background
Renewable Heritage built on the success of the earlier Energy
Heritage project, where a wide range of sensitive, effective
energy-saving measures were installed in similar buildings. This
project identified a range of new and innovative solutions to
improving energy efficiency in traditional and historic homes,
and a guide on the subject was published in 2008 (hard copies
are available from Changeworks; an online version is available
at www.changeworks.org.uk/uploads/83096-EnergyHeritage_
online1.pdf).
In line with best practice, having tackled energy efficiency the
next step was to look at the energy source, and replace the
existing fossil-fuel-based power supply with clean, renewable
energy wherever possible. Renewable Heritage aimed to
demonstrate the feasibility of applying microgeneration systems
to traditionally built, protected housing without compromising
their historic character or appearance. This would reduce fuel
poverty levels in households in historic buildings, and increase
the long-term sustainability of historic buildings as affordable,
environmentally friendly housing for the future.
This case study examines the Renewable Heritage installations,
from concept and system selection through the logistics of
installation, and identifies critical success factors for others
wishing to carry out similar installations in traditional or historic
housing. As a baseline, the good repair of the buildings
maintained by Lister Housing Co-operative helped ensure the
project was as easy and effective as possible.

C2.1

The over-riding objective
of Renewable Heritage
was to show that, with
proper consideration,

renewable energy
can actively enhance
the cultural and
social value of
historic properties.
Working with their partners,
Changeworks aims to
build a model to

marry contemporary
sustainable energy
technology with best
practice in building
conservation. This
project is not about
finding the lowest
common denominator:
on the contrary, it is about

achieving the best of
both worlds.

NEED FOR THE PROJECT

The previous Changeworks project, Energy Heritage, identified solutions to minimise the amount of
energy needed to run traditional and historic homes. The background to this project revolved around
fuel poverty and energy efficiency in traditional and historic homes.
Following this project, the research then shifted to focus on the source of the energy. It can be complex
fitting microgeneration systems to existing buildings, particularly where they are older, as the buildings
work in a different way to modern buildings159. Where such buildings are of historic value, the addition
of microgeneration systems can often be contentious, so careful planning is particularly important.
Having already identified and improved such buildings for the Energy Heritage project, Changeworks
then carried out extensive research and negotiations to identify the following:
●
●
●

159

Barriers to installing microgeneration systems in traditional homes and those protected by
their historic status;
Workable solutions, acceptable to planning and conservation bodies, and to householders;
Microgeneration systems suited to the properties in question, and innovative installation
processes to maximise the number of properties that would benefit.

See Energy Heritage (Changeworks, 2008) for further information
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C2.2

RESEARCH AND NEGOTIATIONS

Changeworks carried out research and negotiations with the following bodies:
●
●
●
●
●
●
●

AES Solar Systems
the City of Edinburgh Council
the Cockburn Association
Edinburgh World Heritage
the Energy Saving Trust
Historic Scotland
Lister Housing Co-operative

This ensured that all perspectives were considered, and solutions were found that were acceptable to
all parties.
In addition, there is a considerable body of written material that informed the case study decisions, and
this guidance document. These publications, as direct links to each document, are all included in the
Further Reading section.

C2.3

RENEWABLE HERITAGE PILOT STUDY
The Energy Heritage pilot study had
already identified and improved
appropriate properties, and it was
decided to build on this work, and the
good repair of the buildings, by using
the same properties and others in
neighbouring buildings.

It was decided to take in as many
different siting and building scenarios
as possible, to maximise the replicability
of the pilot study. Solar installations
were proposed for a large number of
tenement flats, most of which are listed
and all of which lie in the Old Town
Conservation Area and World Heritage
Site. These tenement buildings included Georgian (1820s) double-pitched roofs, and flat-topped
Victorian (1890s) and 1980s mansard roofs. All installations would serve not only the top-floor flats, but
also those at lower and even basement levels.
Due to the scale and complexity of the proposed project, it was decided to split the work into two
phases. Stage 1 would cover the pitched roof installations (i.e. the Georgian tenements), while Stage 2
would cover the flat roof installations (i.e. the Victorian and 1980s tenements).
At the time of writing this guide, Stage 1 is nearing
completion. Stage 2 will follow on later in 2009,
subject to confirmation of funding. As such, the main
content of this guide refers to Stage 1.
Stage 1 involved a series of solar water heating
system installations to seven stairs (forty-nine flats) in
a block of 1820s Georgian tenement buildings, with
double-pitched slate roofs. This double pitch creates
a central roof valley, ideal for siting solar panels.
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Pilot study considerations
C3.1

PARTNERS

Lister Housing Co-operative was keen to promote renewable energy to improve the buildings’
sustainability and ensure householders’ fuel bills remain affordable.
Edinburgh World Heritage’s key role lies in ‘the support, management and promotion of the Old and
New Towns of Edinburgh World Heritage Site’160. Edinburgh World Heritage is very keen to continue
taking a lead on sustainability within the Site. As such, it was most supportive of the project and
provided heritage expertise throughout, as well as continued financial support.
The City of Edinburgh Council provides core funding to Changeworks to deliver energy and
environmental targets within Edinburgh. The planning and conservation departments were also most
supportive throughout the project, confirming the need for such projects and best practice guidance to
inform future planning decisions.
All partners were keen to build on the considerable success of the earlier Energy Heritage project.
Covering the technical aspects of the solar system installations also required a professional team: this
comprised Lorn Macneal Architects, David Adamson Chartered Surveyors as Health and Safety
(CDM) Co-ordinators, and Robertson Eadie Consulting Engineers. The solar systems were supplied
by AES Solar Systems, Scotland’s only solar panel manufacturer, and installed by Glendevon Energy,
a local accredited installer.
AES Solar Systems are part of The Low Carbon Partnership, a ‘framework supplier’ accredited under
the Low Carbon Buildings Programme Phase 2 funding stream.

C3.2

PARTNERSHIP WORKING

The earlier Energy Heritage project demonstrated the importance of all parties working together to
install energy saving measures that were acceptable to all. This proved even more important when
considering the addition of microgeneration systems to historic homes. With such high-profile and
contentious technologies, great care was needed to ensure the buildings were enhanced rather than
degraded by such adaptations.
In the early stages, regular liaison by Changeworks with building conservation bodies, microgeneration
experts and local authority planning and building control departments was necessary to ensure the
best possible solutions were identified. Once the project proposal had been confirmed, close working
with the architects, Health and Safety Co-ordinators and structural engineers was also necessary.
It was also vital to engage with the householders. Newsletters, individual and group meetings, and
sample technology displays all contributed to this process, ensuring they were familiar with the systems
they would be using. The tenant liaison process was complicated by the fact that they could not be
told the project was definitely going ahead until the funding had been confirmed, so they could not be
involved fully until relatively close to the installation of the systems.

C3.3

FUNDING

Funding for the project as a whole (the research, the pilot study and this guidance) was provided by
eaga Charitable Trust. Edinburgh World Heritage and The City of Edinburgh Council also provided
funding towards this guidance.
160

Outcomes Agreement between Historic Scotland and City of Edinburgh Council and The Edinburgh World Heritage Trust (October 2007)
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Funding for the capital costs of stage 1 (the pitched roof installations) of the pilot project amounted to
£196,450, and was provided by the following bodies:
DECC’s Low Carbon Buildings Programme Phase 2 (see section B1.9.2)
The ScottishPower Energy People Trust
Edinburgh World Heritage (a ‘one-off’ grant, for research purposes)

●
●
●

Funding for the capital costs of stage 2 (the flat roof installations) of the pilot project has been
requested from the following bodies:
●

Scottish Government’s Wider Role fund
Scottish Community & Householder Renewables Initiative (see section B1.9.2)

C3.4

TECHNOLOGY SELECTION

●

Changeworks’ previous Top of Tenements (2005-6) project had installed solar water heating systems in
seven top-floor tenement flats. The experience gained from this groundbreaking project presented an
immediate opportunity to develop a larger, all-encompassing project.
During the Renewable Heritage project development stage, all microgeneration systems were
considered. Solar water heating was chosen for the following reasons:
A good match with the buildings
A good match with the householders
One of the most common microgeneration systems in the UK
Relatively simple and low-maintenance technology
Relatively low cost
Built on previous Top of Tenements experiences

●
●
●
●
●
●

The installation of a small number of air source heat pumps was considered, to sit alongside the solar
water heating systems. With careful planning these could have been installed in the loft spaces of the
tenements. However, in view of the complexity of the solar system installations, it was decided not to
add additional technology to this project.
The main drawbacks of the other main microgeneration systems were as follows:
Technology

Drawbacks

Biomass
potential

Potential air quality issues in Edinburgh (see section B3.9) /
challenges installing flues and identifying fuel storage space

Ground source
heat pump

Deemed too complex in this instance161/ potential inefficiency
due to ventilation and insulation levels (see section B4.5)

Water source heat pump

No suitable water source

Air source heat pump

Unsuitable for external installation due to appearance and noise
concerns in a heritage setting; deemed too complex to install in roof
spaces alongside solar systems

Wind

Unsuitable for urban locations (see section B6.4.1)

Hydro

No suitable water source

Photovoltaics

Insufficient space and funds for PV arrays

C3.5

OBTAINING PERMISSIONS

Planning permission, listed building consent and building warrants were all secured before the
installations commenced. The application process was led by Lorn Macneal Architects, who also
provided all technical drawings needed. The structural engineers, Robertson Eadie, carried out roof
surveys and provided details of the roofs and fixing systems for the solar panels.
161

Installing ground source heat pumps to heat whole tenement stairs may be the focus of a future Changeworks project
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The main reason there were no difficulties with the planning
and listed building applications was due to the fact the
majority of the solar panels are ‘hidden’ in roof valleys.
However, the panels sited on flat roofs were also granted
full permissions: these are sufficiently far from Edinburgh
Castle that they will not stand out from the area’s roofscape,
and there are few other locations close-by from which
they will be visible. In addition, the surrounding roofscape
already contains a considerable number of additions to the
original roofs (skylights, television aerials, satellite dishes,
ventilation ducts etc.): this should not set a precedent for
making further additions, however it does minimise the
degree to which the panels can be seen.

Edinburgh’s historic rooftops, adjacent
to Lister Housing Co-operative
(reproduced courtesy of Edinburgh World Heritage)

The only amendment to the initial plans came when it was established that solar panels would not have
been permitted on the outside elevation of one of the buildings’ pitched roofs. This roof pitch was not
on the principal elevation, instead facing to the rear towards a large area of parkland (the Meadows).
Lister Housing Co-operative had not anticipated this would be an issue, however on consulting the
planning department it became clear permission would not have been granted, as the top-floor
occupants of a nearby new multi-storey housing development would have been able to see the
proposed solar panels. This considerably limited the number of flats in this building that could benefit
from solar water heating.
The tenements with flat roofs are not listed, and so only planning permission was required. By contrast,
the solar panels on the tenements with pitched roofs did not need planning permission as they will not
be seen, however they did need listed building consent as the buildings are listed.
A temporary partial road closure permit was also required when the solar panels were delivered to the
site (see section C4.3).

C3.6

TIMESCALES

It took roughly a year to plan the project. This included research, negotiations, defining the scope of
the project, funding and planning applications, confirmation of project partners, and employment of a
professional team.
From the application date, timescales for securing the permissions varied:
●
●
●

Planning permission was granted within six weeks
Building warrants were granted within seven weeks
Listed building consent was granted within ten weeks (this application took longer as it had
to be considered both by the planning department and Historic Scotland)

Timescales for securing the main funding for the capital works also varied:
●
●

ScottishPower Energy People Trust was awarded within eight weeks
Low Carbon Building Programme Phase 2 was awarded within five weeks

Stage 1 of the pilot project (the pitched roof installations) took four months. At the time of writing this
guide, Stage 2 (the flat roof installations) has not yet commenced, however it is anticipated that the
work (see section C4.5) will take approximately three months.
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Prior to submitting formal applications, however, a meeting was held with local authority representatives
to identify and resolve any potential issues, and to ensure the application process was as streamlined
as possible. Taking the time to involve planning and conservation officers allowed all perspectives
to be considered, and consequently The City of Edinburgh Council was extremely supportive of the
installations.

C4 | Solar water heating system installations

C

C4

Solar water heating system installations
C4.1

SELECTING THE SYSTEM

The first decision to be made when considering a solar water heating system is the collector type.
Although evacuated tube systems can be more efficient than flat plate panels, and can be installed flat
on flat roofs (making them more discreet), flat plate panels are generally cheaper and less complex.
Lister Housing Co-operative took the decision to install flat plate collectors. This was based primarily
on cost and simplicity factors: as a non-profit-making social housing provider, cost is an important
factor in all capital spend decisions; as the owner of the buildings, and landlord to many low-income
householders, reliable and low-maintenance systems were a priority. The predominance of flat plate
collectors in the UK also provided an indicator of their reliability.
The benefit of a local panel manufacturer allowed for
effective system sizing. Commonly, a domestic solar
water heating system for a single household will include
two panels, totalling 4m2. AES Solar Systems was able to
manufacture a bespoke panel size (3.3m2 in most cases)
for each household, so that only one panel was needed
per flat. This reduced the roof area needed by each
household, maximising the number of households able
to receive a solar water heating system.

C4.2

PLANNING THE INSTALLATIONS

Careful co-ordination was required to ensure the installation process ran as smoothly as possible.
The complexity of the installations was matched by the fact all the flats were occupied throughout the
process. It was vital to ensure the householders remained happy with the works, and receptive to the
end product.
The installer, Glendevon Energy, attended tenant meetings with Lister Housing Co-operative
and Changeworks in order to explain the installation process and assuage any concerns. The
installations were planned around the householders wherever possible, giving advance notice of
any access needed and working around their daily lives wherever possible. Once the work was
underway, maintaining a clean, efficient and professional service played a large part in reassuring the
householders and retaining their support for the works.
Lister Housing Co-operative decided not to ask the tenants for formal signed consent for the works to
go ahead, instead relying on goodwill and the positive relationship held with the tenants. Likewise they
decided not to enforce the installations in those households where the tenants did not want the new
systems. The risk of not obtaining formal consents lay in the potential for a panel to be manufactured
for a household who could subsequently back out of the project, resulting in wasted resources and
money.

161

Installing ground source heat pumps to heat whole tenement stairs may be the focus of a future Changeworks project
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Rather than one large communal system, each flat has its own separate system. It is anticipated
this will minimise disruption in the event of any malfunction. As such, for all flats below the top floor,
the pipework connecting each solar panel to its respective hot water cylinder runs through multiple
properties. Installing these systems was technically complex, and required careful planning by the
client and the installer. In most flats the hot water
cylinders were in the same position, minimising
the number of different pipework runs needed,
however the flats at ground and basement level have
a different layout, which required more complicated
pipework runs in some cases.
All roofs were surveyed to ensure they were in good
condition and could take the weight of the solar
panels. The installer was responsible for providing
power, water and suitable access for all works: in
some cases this involved forming additional external
hatches into the roof spaces to access the panels.
Tenement cross-section, showing individual systems
(© AES Solar Systems)

C4.3

TENDERING

Initially, the installations on both the pitched and flat roofs were grouped into one contract of works.
This contract was put out to tender, with an anticipated bid return from at least three contractors.
However, perhaps due to the complexity of the combined works (see section C4.6), only one bid was
submitted, and the costs involved were felt to be too high.
It was subsequently decided to split the pitched and flat roof works into two separate contracts, stages
1 and 2 (see section C2.3). At the time of writing this guide, Stage 2 has not yet been put out to
tender. The Stage 1 contract was put out to tender and received two bids. The costs included in one
of the bids were deemed very high, and it only covered part of the works needed. The other bid met all
requirements, and was duly accepted.
The contractor and materials are all accredited, in accordance with the grant requirements
(see section B1.10).

C4.4

TECHNICAL DETAILS

While the system installed was designed by the contractor, the tender document, prepared by the
architect and the housing co-operative, provided a general system specification, and included the
following requirements:
●

Stored water should not exceed 100oC, and water at all points of use should not exceed 60oC

●

A means to prevent bacterial growth (legionella) and minimise build-up of limescale

●

The system should not freeze at low temperatures

●

Suitable access and drainage points should be included for maintenance and
de-commissioning purposes

●

All controls should be easily readable

●

The new hot water cylinders should be twin-coil (solar and boiler), insulated to best practice
levels, and be fitted with a 3kW immersion heater

●

Pump stations and pressure release (‘blow-off’) vessels should be located within the roof
spaces where possible (failing which, within airing cupboards), and a remote display should be
located within individual airing cupboards
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●

Lighting and floor walkways should be installed to allow safe maintenance of the equipment
located in the roof spaces

●

All equipment should be clearly labelled to identify each component and indicate the design
pressure and temperature for which they were designed, and all pipework passing through
multiple flats should be labelled to identify the household it serves
All pitched roof panels should be secured by galvanised steel brackets fixed directly to the
roof structure through the slates and sarking
All slatework to be redressed where possible, or made up with best quality matching
Scottish slates
All items penetrating the roof should be weatherproofed
All pipes should be insulated to prevent burns and heat loss, and no plastic pipework should
be used (to prevent melting at high temperatures)

●

●

●
●

●

Pipework should take account of existing features within the flats, and all pipework outwith
airing cupboards should be boxed in

●

Where pipework disturbs any plaster finishes, or any deafening material within wooden floors,
these should be made good

●

Any holes made between properties should be fire-stopped
All systems should be fitted with the contractor’s standard monitoring equipment, capable of
recording the solar panel outputs over time and storing this data

●

The systems installed in stage 1 are as follows:
Hot water cylinder

McDonald Engineers / mainly 180l, and 1,350mm x 450mm
(some larger or smaller according to property size or available space)

Solar panels

AES Solar Systems / 3.3m2 / 30kg / 185oC stagnation temperature
(at 1,000 W/m2 and 30oC ambient temperature)

Monitors

Resol Deltasol SD3 (in property) / Resol Deltasol BS3 (in attic space)

C4.5

PITCHED-ROOF INSTALLATIONS
The aim was to install solar water heating systems in as many
flats as possible in each tenement stair. In reality, due to lack of
roof space it was only possible to install solar systems in all the
tenanted flats in one of the seven stairs; at least one flat in all
the other stairs had to be omitted for the same reason.

© Crown Copyright, image reproduced
courtesy of Historic Scotland

All flats already had indirect gas central heating systems with
boilers and hot water cylinders. Rather than install a second
cylinder, it was decided to replace all cylinders with new, larger
combined cylinders that could be connected both to the solar
panels and to the existing boiler. The cylinder replacement
was a quick and straightforward process, and they were reconnected to the existing boilers the same day.

Each cylinder was fitted with a thermostatic mixing valve, allowing the temperature of the water
reaching the household taps to be regulated, and avoid scalding. However, it was subsequently found
that these reduced the hot water flow to such an extent that it was decided to remove them, instead
relying on the cylinders’ thermostats (linked to the solar pump-station) to shut off the pump once the
stored water reaches a certain temperature.
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A single length of pipe connects each solar panel to its
respective cylinder. This avoids the need for joints within
the pipework, thus minimising any risk of leakage. Once
the pipework was installed, all holes were permanently
Pipework running between floors
sealed around the pipes, to avoid the spread of any
(© Lister Housing Co-operative)
potential fire between properties. These pipes are
anywhere up to 24 metres (79 feet) long, in order to reach from the roof to a basement-level flat.

Panel delivery (reproduced courtesy of Edinburgh World Heritage)

Due to the height of the tenement roofs, the solar
panels had to be delivered on the roofs using a
crane. The tenements in question face directly
onto a main road, and the size of the crane meant
that a temporary partial road closure permit had
to be secured from the local authority. Public
notices were displayed, advising drivers not to
park in the area, and a pick-up lorry was also
booked in advance to move any vehicles blocking
the crane’s access. To minimise the disruption to
traffic, the deliveries were scheduled for a Sunday,
and the delivery process was completed in a
matter of hours.

Once delivered, the panels were secured to the roofs on brackets and connected to the pipework. No
scaffolding was needed.
Display monitors were installed in each flat, allowing householders to monitor the performance of their
system.
Once the installations were complete, the installer
explained the system to each householder, and
provided Lister Housing Co-operative with the
following documentation:

●

Full system installation instructions
User guide
Maintenance schedule
Decommissioning schedule
Schematic diagrams of systems as installed
Commissioning and Completion Certificates

●

Commissioning engineer’s contact details

●
●
●
●
●

Roof fixing detail (© Robertson Eadie)
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Once the new cylinders were in place, holes had to be
bored in ceilings and floors to allow the pipework to be
fitted. This was also a simple process, although the holes
had to be temporarily plugged to prevent the spread of
dust and noise between flats.

C4 | Solar water heating system installations

C

C4.6

FLAT-ROOF INSTALLATIONS

At the time of writing this guide, Stage 2 has not commenced162. The scope and specifications of the
work have been confirmed, however funding is still to be secured.
Stage 2 of the pilot project will see the same solar water
heating systems installed in two additional tenement stairs.
These differ from the stage 1 tenements in that they have
flat roofs (one is Victorian, the other dates from the 1980s).
The internal characteristics of these flats are similar to those
upgraded in stage 1, however the different roof design requires
a different approach to the solar installations.
Victorian flat roof
(reproduced courtesy of Edinburgh World Heritage)

The Victorian tenement’s roof covering needs to be replaced as part of the general maintenance of the
building. This work will take place as part of the solar installations: taking advantage of this standard
maintenance project is in line with best practice, combining works to create a cheaper, more efficient
project. On the recommendation of the structural engineers, the roof timbers will be strengthened
to take the additional weight and wind loading of the panels on angled frames. In addition, a safety
anchor, harness and line system will be installed to allow future safe access for maintenance and
servicing of the panels and roof. The building and roof will be scaffolded during the covering renewal
and panel and safety system installations, to provide a safe working environment.
The solar panels installed will be the same as those installed under
stage 1 of the project. However, as flat plate panels need to sit at an
angle to work efficiently, they will be installed on angled metal frames,
so they can harvest as much solar radiation as possible. Clearly,
these panels will be more visible than the Stage 1 installations (which
are hidden in the roof valleys). However, this has not presented any
issues and all consents have been granted. The orientation of the
panels is such that they will face away from the Castle so will not
reflect light towards the Castle; they are also sufficiently far away that
they will not be readily seen by the naked eye.

Cross-section of twin solar panel rows
(© Lorn Macneal Architects)

View from Edinburgh Castle

To maximise the number of flats able to receive the
solar water heating systems, two parallel rows of solar
panels will be installed on each flat roof. If both rows
were set at the optimum angle, the front row would
partially overshadow the rear row and compromise
their performance. To avoid this, the front row of panels
will be set at a lower angle. This compromise is likely to
cause a minor drop-off in performance of the front row,
however this will be monitored.

The bulk of the internal works will be the same as those undertaken in stage 1. The key difference is in
the pipework runs in the 1980s tenement. The modern construction method means that the floors at
each level are solid concrete: boring holes in these floors will be harder than in the timber floors of the
older buildings, and there is a safety limit on the number and size of holes that can be bored. This will
be fully assessed once the planning of Stage 2 has progressed further, and any issues will be clarified
through the building warrant application process.

162

Installing ground source heat pumps to heat whole tenement stairs may be the focus of a future Changeworks project
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Impact
As the installation of the solar water heating systems is underway at
the time of writing this guide, monitoring details are not yet available163.
However, the performance details noted above (see section C4.3) and
current research provide indicative data for the anticipated impact of
these systems.
It is anticipated that these new solar water heating systems will provide
around half the households’ annual hot water needs, rising to 100% in
the summer months. This hot water comes free of charge and free of
carbon emissions.

© Crown Copyright, image reproduced
courtesy of Historic Scotland

As noted above (see section C4.5), the two rows of solar panels on
each of the flat roof installations will be set at different angles. The
performance of both rows will be monitored, allowing the impact of the
different angles on the panels’ efficiencies to be identified.

The tenements involved in Stage 1 of the pilot project include the stair that was improved under the
previous Energy Heritage project. As such, the flats in this stair are more energy-efficient than the other
flats. Using specialised software, the energy efficiency of these flats can therefore be assessed in
relation to those that have not had the same energy efficiency improvements. This will provide valuable
information on the relative impacts of energy efficiency and microgeneration systems on current rating
systems.
These rating systems include National Home Energy Rating (NHER), Standard Assessment Procedure
(SAP), and Reduced data SAP (RdSAP) which generates Energy Performance Certificates, now
needed for all home sales or new tenancies.

C6

Costs
The funding secured for Stage 1 of the project amounted to just under £200,000, which equates to just
over £4,000 per flat. Lister contributed a further £47,000, giving a total project cost of £242,000. This
covered all associated project costs including materials, installation, permissions, and professional fees;
it also covered some of the associated costs of Stage 2 of the project.
As the works were to domestic listed buildings, and listed building consent was granted, all capital
costs were exempt from VAT (see section B1.9.1); had this not been the case the capital costs would
have been rated at 5% VAT. Full VAT of 15% was paid on the professional fees.

C7

Warranties
All systems installed are under warranty for 12 months from the date of commissioning. At the end of
this period, samples of the fluid within the solar systems will be taken, and any losses or adjustments
will be rectified as necessary.

163

Monitoring data can be obtained from Changeworks
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Summary
Sustainability has three main strands: environmental, economic
and societal. All of these have benefited from the Renewable
Heritage project:
Lower carbon emissions, minimising their impact on
climate change
Lower fuel bills, and a corresponding reduced
likelihood of fuel poverty
Increased viability as affordable housing, essential for
a sustainable society

●
●
●

By installing appropriate systems in a sensitive manner, the
appearance and character of these historic buildings have been
retained. All planning and building conservation bodies consulted
have endorsed and supported the project, providing moral and
material support to these groundbreaking installations in one of
the most closely protected urban areas in the UK.

This project has
demonstrated that

microgeneration
systems can
be installed
successfully in
both traditionally
built and historic
homes. Moreover,
it has demonstrated
that renewable

energy can actively
enhance these
buildings, making them
better suited to current
and future lifestyles and
environmental challenges.

C9

What made the project successful?
Many factors contributed to the success of the Renewable Heritage project, but some proved
particularly critical. The table below provides a summary of these factors, and should be considered
carefully by anyone undertaking a similar project.

Success factor

Details

Partnership
working

Working together enhanced the project’s success by bringing greater understanding of
the different issues involved in installing microgeneration systems in historic homes; all
parties learned a great deal from others.

Communication

Effective communication was key to success, particularly when addressing potentially
contentious aspects of the project; this allowed all parties to learn and appreciate other
perspectives. Engaging with potential partners informally at an early stage was a great
advantage.

Research

Understanding the subject matter was vital to ensure identification of appropriate and
effective solutions.

Negotiation

Individual parties sometimes had differing priorities. Being able to negotiate effectively
allowed approaches to be found which optimised outcomes for all partners.

Flexibility

The project details changed as research and negotiation shed greater light on particular
aspects of the proposals. A willingness to adapt (by all) meant solutions were found
which were acceptable to all parties.

Support &
permissions

Securing support from conservation bodies and planning authorities was fundamental
to the project’s success, as was engaging successfully with the householders. Having a
strong architect leading the technical aspects of the project was of considerable benefit.

Perseverance

As with any project, difficulties arose: the topic of migrogeneration and historic homes
is not a simple one. Finding ways around complex situations, and identifying alternative
ways forward where necessary, was an important requirement for the project partners.

Funding

This pilot study would not have been possible without financial support from the various
project partners.
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SOURCES OF FURTHER INFORMATION

Source

Contact Details

Architectural Heritage Fund
Funds for Historic Buildings

www.ffhb.org.uk

Bat Conservation Trust
Wildlife protection

www.bats.org.uk
0845 130 0228

British Wind Energy Agency
Wind energy information

www.bwea.com
0207 689 1969

British Hydropower Association
Hydro energy information

www.british-hydro.org
01202 880333

Cadw
Historic environment protection agency (Wales)
Changeworks
Sustainable development charity

www.cadw.wales.gov.uk
01443 336000
www.changeworks.org.uk
0131 555 4010

Combined Heat & Power Association
Information & support

www.chpa.co.uk
0207 828 4077

Department of the Environment, Heritage & Local Government
Sustainable development agency (Ireland)
Energy saving Scotland advice centre
Domestic energy advice, funding & grants advice
The Cockburn Association
The Edinburgh Civic Trust

www.environ.ie/en
1890 202021
0800 512012
(Freephone)

www.cockburnassociation.org.uk
0131 557 8686

Ecology Building Society
Funding & grants

www.ecology.co.uk
0845 674 5566

Edinburgh World Heritage
World Heritage Site manager

www.ewht.org.uk
0131 220 7720

Electricityinfo
www.electricityinfo.org
Independent information source on UK power company fuel sources
Energy Action Scotland
National fuel poverty charity

www.eas.org.uk
0141 226 3064

Energy Efficiency Partnership for Homes
Network of agencies working to reduce energy use

www.eeph.org.uk
0207 222 0101

Energy Saving Trust
Domestic energy advice agency

www.energysavingtrust.org.uk
0207 222 0101 (England)
0131 555 7900 (Scotland)
029 2046 8340 (Wales)
028 9072 6007 (N. Ireland)

English Heritage
Historic environment protection
agency (England)

www.english-heritage.org.uk
www.climatechangeandyourhome.org.uk/live
0870 333 1181

Green Book Live (BRE)
Microgeneration technology and installer database
Green Building Press
Sustainable construction information specialist
Green Electricity Marketplace
Green electricity information

www.greenbooklive.com
01923 664100
www.newbuilder.co.uk
01559 370798
www.greenelectricity.org
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Source

Contact Details

Ground Source Heat Pump Association
Information resource

www.gshp.org.uk
01908 665555

Historic Scotland
Historic environment protection agency (Scotland)

www.historic-scotland.gov.uk
0131 668 8600

IEA Heat Pump Centre
Information resource

www.heatpumpcentre.org
+46 10516 5512 (Sweden)

Institute of Historic Building Conservation
Building conservation
Listed Property Owners Club
Listed building advice service

www.ihbc.org.uk
01747 873133
www.listedpropertyownersclub.co.uk
01795 844939

Lister housing Co-operative
Housing co-operative (Edinburgh)
Low Carbon Buildings Programme
Microgeneration funding
Micropower Council
Information resource
National Energy Action
Domestic energy efficiency and fuel
poverty campaigner
National Energy Foundation
Information & support
National Trust
Heritage conservation
National Trust for Scotland
Heritage conservation
Northern Ireland Environment Agency
Environmental protection agency (Northern Ireland)
REAL Assurance Scheme
Approved microgeneration installers

www.lister.coop
0131 229 6176
www.lowcarbonbuildings.org.uk
0800 915 0990
www.micropower.co.uk
01564 732790
www.nea.org.uk
0191 261 5677 (England)
028 9023 9909 (Northern Ireland)
029 2064 4520 (Wales)
www.nef.org.uk
01908 665555
www.nationaltrust.org.uk
0844 800 1895
www.nts.org.uk
0844 493 2100
www.ni-environment.gov.uk
0845 302 0008
www.realassurance.org.uk
0207 925 3570

Renewable Energy Association
Information resource

www.r-e-a.net
0207 925 3570

Royal Incorporation of Architects in Scotland
Scottish architects institute

www.rias.org.uk
0131 229 7545

Royal Society for the Protection of Birds
Wildlife protection
Scottish Community & Householder
Renewables Initiative (SCHRI)
Renewables advice & grants
Scottish Ecological Design Association
Ecological building design association
Scottish Renewables
Information & support
SPAB Mills
Mill conservation; hydropower
Sust.
Sustainable building design

www.rspb.org.uk
0131 311 6500 (Scotland)
www.energysavingtrust.org.uk/schri
0800 512012
www.seda2.org
www.scottishrenewables.com
0141 353 4980
www.spab.org.uk/html/spab-mills
0207 456 0909 / 0207 377 1644
www.sust.org
0141 221 6362

UK Heat Pump Network
Information resource

www.heatpumpnet.org.uk
0800 585794

UK Solar Energy Society
Solar power forum

www.uk-ises.org
07760 163559
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FURTHER READING
AEA Energy & Environment (2008) – Measurement and modelling of fine particulate emissions (PM10 and
PM2.5) from wood-burning biomass boilers (www.scotland.gov.uk/Resource/Doc/243574/0067768.pdf)
Ahadzi, M. et al (2007) – Micro wind turbines in the UK domestic sector
Boardman, B. (2008) – Home Truths: a low-carbon strategy to reduce UK housing emissions by 80% by
2050 (www.eci.ox.ac.uk/research/energy/downloads/boardman07-hometruths.pdf)
British Hydropower Association (2005) – A guide to UK mini-hydro developments
(www.british-hydro.co.uk/download.pdf)
Building Research Establishment (2000) – Heat pumps in the UK: a monitoring report
(www.heatpumpnet.org.uk/files/gir72.pdf)
Changeworks (2008) – Energy Heritage: a guide to improving energy efficiency in traditional and historic
homes (www.changeworks.org.uk/uploads/83096-EnergyHeritage_online1.pdf)
Changeworks (2007) – Tenement Fact Sheet 6 (www.changeworks.org.uk/uploads/TFS_06.pdf)
Changeworks (2006) – Top of tenements project: final report (available from Changeworks)
Communities Scotland (2004) – Precis No. 32: Novel solar heating and ventilation systems for tenement
flats (www.communitiesscotland.gov.uk/stellent/groups/public/documents/webpages/pubcs_003502.pdf)
Curtis, D. & Langley, B. (2004) – Going with the flow (available from www.cat.org.uk)
Defra (2006) – Climate Change: The UK Programme 2006
(www.defra.gov.uk/environment/climatechange/uk/ukccp/pdf/ukccp06-all.pdf)
Defra (2003) – Guidelines for the measurement and reporting of emissions by direct participants in the
UK Emissions Trading Scheme (www.defra.gov.uk/ENVIRONMENT/climatechange/trading/uk/pdf/tradingreporting.pdf)
DTI (2007) – Meeting the energy challenge: a white paper on energy (www.berr.gov.uk/files/file39387.pdf)
DTI (2006) – Photovoltaics in buildings: guide to the installation of PV systems (2nd edition)
(available at www.energysavingtrust.org.uk/business/Business/Resources/Publications-and-Case-Studies)
DTI (2006) – Our energy challenge: power from the people: microgeneration strategy
(www.berr.gov.uk/files/file27575.pdf)
DTI (1999) – Photovoltaics in buildings: a design guide (www.berr.gov.uk/files/file16811.pdf)
Energy Saving Trust (2008) – The Scottish renewable heating pilot: an operational perspective *
Energy Saving Trust (2008) – YIMBY Generation – yes in my back yard! UK householders pioneering
microgeneration heat (www.energysavingtrust.org.uk/uploads/documents/aboutest/OUESTmicrogen.pdf)
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Energy Saving Trust (2008) – Hard to treat homes: Edinburgh’s Top of Tenements project *
Energy Saving Trust (2008) – Discover renewable energy: heating your water with solar energy *
Energy Saving Trust (2008) – Discover renewable energy: heating your home with biomass *
Energy Saving Trust (2008) – Discover renewable energy: using warmth from the ground to heat your
home *
Energy Saving Trust (2008) – Discover renewable energy: using the wind’s energy to power your home *
Energy Saving Trust (2008) – Discover renewable energy: powering your home with sunlight *
Energy Saving Trust (2007) – Discover renewable energy: using water to make your own electricity *
Energy Saving Trust (2007) – Domestic ground source heat pumps: design and installation of closed-loop
systems – a guide for specifiers, their advisors and potential users *
Energy Saving Trust (2007) – Delivering on-site sustainable energy: planners support pack *
Energy Saving Trust (2006) – Solar PV: your guide to generating clean electricity *
Energy Saving Trust (2006) – Solar Water Heating Systems: guidance for professionals, conventional
indirect models *
Energy Saving Trust (2006) – Factsheet 2: green electricity *
Energy Saving Trust (2006) – Integrating renewable energy into existing housing: case studies *
Energy Saving Trust (2005) – Renewable energy sources for homes in urban environments *
Energy Saving Trust (2004) – Renewable energy sources in rural environments *
Energy Saving Trust (2004) – Installing small wind-powered electricity generating systems
(www.energysavingtrust.org.uk/uploads/documents/housingbuildings/ce72.pdf)
English Heritage (2008) – Climate Change and the Historic Environment
(www.climatechangeandyourhome.org.uk/live/content_pdfs/29.pdf)
English Heritage (2008) – Microgeneration in the historic environment
(www.climatechangeandyourhome.org.uk/live/content_pdfs/576.pdf)
English Heritage (2008) – Small-scale solar thermal energy and traditional buildings
(www.climatechangeandyourhome.org.uk/live/content_pdfs/520.pdf)
English Heritage (2008) – Small scale solar electric (photovoltaics) energy and traditional buildings
(www.climatechangeandyourhome.org.uk/live/content_pdfs/519.pdf)
English Heritage (2008) – Micro wind generation and traditional buildings
(www.climatechangeandyourhome.org.uk/live/content_pdfs/145.pdf)
English Heritage (2006) – Biomass energy and the historic environment
(www.climatechangeandyourhome.org.uk/live/content_pdfs/3biomassE.pdf)
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FURTHER READING

English Heritage (2005) – Wind energy and the historic environment
(www.climatechangeandyourhome.org.uk/live/content_pdfs/2win_energy.pdf)
English Heritage (2004) – Building regulations and historic buildings
(www.climatechangeandyourhome.org.uk/live/content_pdfs/6buldgreg.pdf)
English Heritage (2002) – State of the Historic Environment
(www.english-heritage.org.uk/heritagecounts_old/pdfs/headline.pdf)
Environmental Change Institute (2005) – 40% House
(www.eci.ox.ac.uk/research/energy/downloads/40house/40house.pdf)
EPIA and Greenpeace (2008) – Solar generation V – 2008: solar electricity for over one billion
people and two million jobs by 2020
(www.epia.org/fileadmin/EPIA_docs/documents/EPIA_SG_V_ENGLISH_FULL_Sept2008.pdf)
Gipe, P. (2004) – Wind Power (Earthscan)
Historic Scotland (2006) – Guide to the Protection of Scotland’s Listed Buildings: What Listing means to
Owners and Occupiers (www.historic-scotland.gov.uk/owner-occupier-listed-building.pdf)
HM Revenue & Customs (2008) – HM Revenue & Customs VAT Notice 708: buildings and construction
(available at www.hmrc.gov.uk)
Intergovernmental Panel on Climate Change (2007) – Climate Change 2007 (available at www.ipcc.ch)
Kubie et al (2006) – Life cycle assessment of a medium-sized photovoltaic facility at a high-latitude
location (available at http://researchrepository.napier.ac.uk)
Martin, C. & Watson, M. (2001) – Side by side testing of eight solar water heating systems
(www.berr.gov.uk/files/file16826.pdf)
Ofgem (2009) – Renewables Obligation: guidance for microgenerators (www.ofgem.gov.uk/Sustainability/
Environment/RenewablObl/Documents1/microgenerator%20guidance%202009.pdf)
Open University (2007) – Consumer adoption and use of household renewable energy technologies
(http://design.open.ac.uk/research/documents/OURptRenewablesFinalDec07Cover.pdf)
Scottish Executive (2006) – Changing our ways: Scotland’s climate change programme
(www.scotland.gov.uk/Resource/Doc/100896/0024396.pdf)
Scottish Government (2009) – Community renewable energy toolkit
(www.scotland.gov.uk/Resource/Doc/264789/0079289.pdf)
Scottish Government (2009) – Statutory Instrument No. 34: The town and country planning (general
permitted development) (domestic microgeneration) (Scotland) amendment order 2009
(www.opsi.gov.uk/legislation/scotland/ssi2009/pdf/ssi_20090034_en.pdf)
Scottish Government (2008) – Scotland’s renewable heat strategy: recommendations to Scottish
ministers (www.scotland.gov.uk/Resource/Doc/215382/0057632.pdf)
Scottish Government (2008) – Modelling changes to the renewables obligation
(www.scotland.gov.uk/Resource/Doc/243011/0067613.pdf)
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FURTHER READING

Scottish Government (2008) – Scottish Planning Policy 23: Planning and the Historic Environment
(www.scotland.gov.uk/Resource/Doc/242900/0067569.pdf)
Scottish Government (2008) – Scottish House Condition Survey: Key Findings 2007
(www.scotland.gov.uk/Resource/Doc/206271/0054811.pdf)
Scottish Government (2006) – Planning for micro renewables: annex to Planning Advice Note 45,
Renewable energy technologies (www.scotland.gov.uk/Resource/Doc/112453/0027329.pdf)
Scottish Government (2006) – Scottish House Condition Survey: energy efficiency and estimated
emissions from the Scottish housing stock 2003/4
(www.scotland.gov.uk/Resource/Doc/161328/0043785.pdf)
UCL Centre For Sustainable Heritage (2005) – Climate Change and the Historic Environment
(available at www.ucl.ac.uk/sustainableheritage/publications.htm)
UK Government (2009) – Heat and energy saving strategy: consultation
(available at http://hes.decc.gov.uk)
UK Government (2008) – Climate Change Act 2008
(www.opsi.gov.uk/acts/acts2008/pdf/ukpga_20080027_en.pdf)
UNESCO (2007) – Case Studies on Climate Change and World Heritage
(http://whc.unesco.org/documents/publi_climatechange.pdf)
WWF (2007) – Ecological Footprint of British City Residents
(available at www.wwf.org.uk/oneplanet/cf_0000004481.asp)
WWF (2008) – Carbon countdown for homes: how to make Scotland’s existing homes low carbon
(http://assets.wwf.org.uk/downloads/carbon_homes_2_1.pdf)

(* Unless otherwise stated, all Energy Saving Trust publications are available at
www.energysavingtrust.org.uk/business/Business/Resources/Publications-and-Case-Studies)
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Changeworks exists to improve quality of life and to
protect the environment.
We work with passion, integrity and in collaboration to develop and deliver innovative
projects and businesses in energy, waste prevention and transport that inspire and
empower people and communities to make a difference.

Our activities:
●

increase energy efficiency and the use of renewable sources of energy

●

prevent waste from going to landfill by reducing, reusing and recycling

●

promote methods of transport with low environmental impact.

Resources for life
By providing people with the information they need to make choices that lessen their
impact on the environment, we help them to lead safer, healthier, more fulfilled lives.
By alleviating poverty and disadvantage we help to foster social justice and equality
of opportunity. By using the earth’s natural resources efficiently we help to protect
the rich and diverse planet that is our home and to ensure that those resources are
available for everyone, now and in the future.

By changing behaviour
we make possible our vision:
resources for life.
You can get this document on tape, in Braille, large print and various
computer formats if you ask us. Please contact Interpretation and
Translation Service (ITS) on 0131 242 8181 and quote reference number
09405. ITS can also give information on community language translations.
You can get more copies of this document by calling 0131 538 7957.

CHANGEWORKS Resources for Life Ltd. is a company registered as a charity
in Scotland and limited by guarantee. Charity No. SC015144. Company No.
SC103904. Registered Office: 36 Newhaven Road, Edinburgh EH6 5PY.
VAT Reg. No. 927106435.

