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How to use the Toolkit
if you are a planner
If you want to read the background to this document

Go to section 1

If you want to find out about what the policy means in detail

Go to section 2

If you want to find out about the key renewable energy technologies

Go to section 3

If you want to know how developers will be working out how to
integrate renewables into developments in technical detail

Go to section 4

If you want to understand what renewable technologies might be
suitable for a particular site
If you want to check a developer’s proposal for provision of
renewables, using a step by step calculation
If you want to see some examples of what renewable technologies
can be provided at what cost for a range of development scenarios

Go to sections 4.1,
4.2 & 4.12
Go to section 4.7

Go to section 4.13

If you want to find out what might affect the cost of renewable
technologies in the future

Go to section 5

If you want an outline of how developers cost developments

Go to section 6

If you want to read more about the relevant planning framework
for renewables

Go to section 7

If you want to know where you can get further information on all
issues covered here

Go to section 8
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How to use the Toolkit
if you are a developer/consultant
If you want to read the background to this document

Go to Section 1

If you want to find out about what the policy means in detail

Go to Section 2

If you want to find out about the key renewable
energy technologies

Go to Section 3

If you want to know how to integrate renewables in technical
detail (you may want your consultants to assist)

Go to Section 4

If you want to find out some rules of thumb for technologies
and different developments

Go to Section 4.2

If you want to find out what financial incentives are available

Go to Section 4.6

If you want to know what to include in your renewables
proposal for your planning application

Go to Section 4.9

If you want to see some examples of what renewable technologies
can be provided at what cost for a range of development scenarios

Go to Section 4.13

If you want to find out what might affect the cost of
renewable technologies in the future

Go to Section 5

If you want to read more about the relevant planning framework
for renewables

Go to Section 7

If you want to know where you can get further information
on all issues covered here

Go to Section 8
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London’s Future is Renewable
This Toolkit aims to support planners, developers, consultants and other
interested parties with planning policies in London which require
renewable energy in new developments or major refurbishments. It offers
advice on which renewable technologies are suitable to London including
aesthetic issues, risks and reliability. It gives an insight into the costbenefit analysis of installing renewables, information on successful case
studies and suggestions on how problems can be overcome.
More importantly it helps to understand how to comply with the
requirements of the London Plan and relevant borough development
documents. It offers in-depth calculations for use by consultants to help
determine the most appropriate renewable for each scheme. One of the
main drivers for such policies is global climate change, the impacts of
which are just starting to be felt.
For London, climate change means hotter, more humid summers; wetter
winters and a significant increase in high rainfall in short periods. This
was confirmed by the report entitled ‘London’s Warming’, which was
commissioned by the London Climate Change Partnership published In
October 2002, and launched by the Mayor and Michael Meacher, the
Environment Minister at that time. The report was clear that London
faces serious financial risks due to climate change. The recent storms in
London, along with the wettest August on record are indicative of the
changes we are seeing in our current weather patterns.
In 1992, the UK signed the Kyoto protocol committing it and other
nations to cuts in the emissions of various greenhouse gases, the most
significant being carbon dioxide. The Energy White Paper, published in
2003, sets out the UK target of producing 10% of UK electricity from
renewable energy by 2010 and the aspiration of doubling this by 2020.
This is within the context of the UK carbon dioxide target and the goal of
putting the UK on a path to cut carbon dioxide emissions by some 60%
by 2050. Recently the Government also published planning policy
statement 22 on renewable energy.
London is a special case - we use in a year as much energy as Portugal
and more than Ireland. London needs to take itself in hand and that is
where the Mayor’s energy work comes in. Taking the lead from the
national targets, London has set its own target in the London Plan, which
should lead to a reduction in London’s carbon dioxide emissions by 23
per cent (based on 1990 figures) by 2016. Using 154TWh of energy,
London’s contribution to climate change is vast. In order to make a
difference, we must not only save energy, but also make it from
renewable sources.
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The barriers to installing renewable energy generation have been clear for
a while. The Cabinet Office’s Performance and Innovation Unit Energy
Review, published in February 2002, identified these barriers as including
funding, planning and the NETA arrangements. London and the Mayor
have been working on the planning barriers for some time. The very
issues that this Toolkit seeks to address.
I would like to thank to Faber Maunsell, who produced this Toolkit.
I would also like to offer a very special mention to those consultants,
developers, councillors and planners who have diligently worked through
the toolkit and any of the other outputs from London Renewables, for
their hard work and valuable input.
I hope that everyone with an interest in London’s development will work
to ensure that it becomes a sustainable city. This Toolkit and the
supplementary planning guidance to the London Plan, which it will
inform, should assist in this process. Making changes now and increasing
renewable energy in London will help save the planet, push our
competitive edge, and will not cost us the Earth.
Samantha Heath
Chair of London Renewables

This Toolkit is one of a set of support offered by London Renewables.
Others include summary documents designed for a number of different
audiences, a training package and studies on attitudes and skills.
The summary documents highlight the role for planners, developers,
housing associations, councillors, architects, the construction industry and
real estate agents.
The training package, for professionals and elected members involved in
property development in London, can be used to provide a level of
knowledge about the subject of renewable energy generation in London,
to give people the confidence to make the most of the technologies in
their work.
London Renewables also commissioned two studies, one published in
December 2003 on the attitudes of Londoners and key stakeholders. This
showed 81% of Londoners think renewable energy is a good idea. The
majority of Londoners don’t just support renewable energy in principle
but also approve of renewable energy technologies in their local area.
The skills report has identified key interventions that will be required in
order to ensure that we have the ability to deliver the innovation that
London needs.
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1 Introduction
1.1 TOOLKIT BACKGROUND
The Mayor has challenging new policies and strategies relating to
renewable energy use in London including:
• London Plan policy 4A.91 ‘The Mayor will and boroughs should require
major developments to show how the development would generate a
proportion of the site’s electricity or heat needs from
renewables, wherever feasible’
• The Mayor’s Energy Strategy proposal 132 ‘To contribute to meeting
London’s targets for the generation of renewable energy, the Mayor
will expect applications referable to him to generate at least ten
per cent of the site’s energy needs (power and heat) from
renewable energy on the site where feasible. Boroughs should
develop appropriate planning policies to reflect this strategic policy.’
This toolkit has been produced to help developers, their consultants
and all planners implement relevant Mayoral and related borough
planning policies.
The aim of policy 4A.9 is specifically to encourage the installation of
renewable energy technologies in London through new developments.
This policy aims to contribute to London meeting its carbon dioxide and
renewable energy targets and to help stimulate the renewable energy
industry in London benefiting the environment and London’s economy.
The London Plan and the Energy Strategy also contain policies relating to
other aspects of energy use and efficiency in new developments but this
tool concentrates on renewable energy. See sections 1.6.1, 1.6.3 and
1.6.4 for more details.
1.2 WHO HAS PRODUCED THE TOOLKIT?
The toolkit has been produced as stated in the London Plan on behalf of
London Renewables. The steering group of London Renewables includes
representatives of the Greater London Authority, the London
Development Agency, the Association of London Government, the
Government Office for London, London First, London Sustainability
Exchange, Solar Century, the Renewable Power Association, Creative
Environmental Networks and the London Environment Coordinators
Forum. London Renewables receives matched funding from the
Department of Trade and Industry through the Government Office for
London. It aims to facilitate increased renewable energy generation in
London and to contribute to UK (10% by 2010) and London targets for
renewable energy generation through planning facilitation and awareness
raising amongst key stakeholders.

LONDON RENEWABLES
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The toolkit has been assembled by the Sustainable Development Group
of Faber Maunsell Ltd for London Renewables. Many sources of
information have been used and many organisations have been consulted
and their comments addressed. In order to make the toolkit compatible
with other current initiatives on renewable energy, extensive use has been
made of recent work on the possible revision to the Building Regulations
for 2005 on ‘Low or Zero Carbon Energy Sources’, carried out by ESD Ltd
and Faber Maunsell Ltd.
Consultation workshops have been carried out with GLA planners and
London borough planners and developers to inform the document.
Relevant trade associations have also been asked to comment on the
document.
1.3 WHAT ARE THE AIMS OF THE TOOLKIT?
The toolkit aims to:
• Assist planners in implementing new policy related to renewable
energy in developments
• Assist planners in pre- and post-application discussions with
developers to ensure these policies have been fully understood
• Assist planners in assessing proposals and planning applications
received from developers
• Assist planners and developers in understanding what is feasible for
a particular development in terms of renewables
• Assist developers and their consultants in understanding the detailed
requirements of policy
• Assist developers and their consultants in providing appropriate and
complete information as part of planning applications to ensure swift
passage through the planning process
• Support well designed renewable energy installations in London.
1.4 WHAT IS THE STATUS OF THE TOOLKIT?
The toolkit will inform Supplementary Planning Guidance to the London
Plan on renewable energy. Parts of the toolkit are expected to be
annexed to the Supplementary Planning Guidance.
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1.5 CONTENT OF THE TOOLKIT
The toolkit consists of:
Section 2

Definitions of key words or phrases in the key policy

Section 3

Technology Guide to the relevant renewable energy
technologies and energy efficiency measures, including
case studies and Frequently Asked Questions.

Section 4

Including Renewables in Development
Proposals - A Route Map and corresponding tools
and resources to assist developers and planners in
estimating delivered energy requirements and the
potential contribution of renewable energy technologies
to reductions in carbon emissions.

Section 5

Factors Affecting the Cost of Renewable
Technologies including information on how
the cost of renewables may change.

Section 6

Overview of how developers cost developments

Section 7

Planning Framework

Section 8

Further sources of information

Section 9

Performance Indicators

1.6 POLICY BACKGROUND
Further detail on the planning framework can be found in Chapter 7.
1.6.1 ENERGY WHITE PAPER - GOVERNMENT ENERGY
POLICY AND TARGETS
Increased development of renewable energy resources is vital to
facilitating the delivery of the Government’s commitments on both
climate change and renewable energy. The Government’s Energy Policy,
including its policy on renewable energy, is set out in the Energy White
Paper. This aims to put the UK on a path to cut its carbon dioxide
emissions by some 60% by 2050, with real progress by 2020, and to
maintain reliable and competitive energy supplies. As part of the strategy
for achieving these reductions the White Paper sets out:
• The Government’s target to generate 10% of UK electricity from
renewable energy sources by 2010
• The Government’s aspiration to double that figure to 20% by 2020
and suggests that still more renewable energy will be needed beyond
that date.
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The Energy White Paper indicated that the Government would be looking
to work with regional and local bodies to deliver its objectives, including
establishing regional targets for renewable energy generation. Regional
Planning Guidance should include the target for renewable energy
generation for its respective region, derived from assessments of the
region’s renewable energy resource potential.
1.6.2 REGIONAL TARGETS
The Government asked each region to set its own target based on an
assessment of the area’s potential to generate renewable energy. In
December 2001 the Government Office for London, the Greater London
Authority and the Association of London Government published a study
‘Development of a Renewable Energy Assessment and Targets for
London’ which indicated a ‘high’ target for electricity generation in 2010
of 1.9% of regional demand. This relatively small contribution compared
with other regions, was due to the small land mass and highly urbanised
environment. The principal source was seen as waste, with smaller
contributions from biomass, wind and photovoltaics. Subsequent
consultation and discussion has led to setting a target of ‘...at least 2 per
cent of London’s electricity consumption in 2000’ generated from
renewable resources by 2010, as stated in the Mayor’s Energy Strategy.
(See section 7.2.2 for further details for how this is broken down.)
1.6.3 THE LONDON PLAN
The Mayor is responsible for strategic planning in London. He has
published the Spatial Development Strategy for Greater London - called
the London Plan - and is responsible for keeping it under review. The
London Plan replaces existing strategic guidance, and boroughs’
development plans must be in ‘general conformity’ with it. The London
Plan sets out the spatial implications of the Mayor’s environmental
strategies. The London Plan has development plan status3.
Section 4 of Chapter 4A in the London Plan covers ‘Improving the Use of
Energy’.
Policy 4A.7 (Energy efficiency and renewable energy) states that:
‘The Mayor will and boroughs should support the Mayor’s Energy
Strategy and its objectives of reducing carbon dioxide emissions,
improving energy efficiency and increasing the proportion of energy use
generated from renewable sources by
• Improving the integration of land use & transport policy and reducing
the need to travel by car
• Requiring the inclusion of energy efficient and renewable energy
technology and design, including passive solar design, natural
12
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ventilation, borehole cooling, combined heat and power, community
heating, photovoltaics, solar water heating, wind, fuel cells, biomass
fuelled electricity and heat generating plant in new developments
wherever feasible
• Facilitating and encouraging the use of all forms of renewable energy
where appropriate including giving consideration to the impact of new
development on existing renewable energy schemes
• Minimising light lost to the sky, particularly from streetlights.’
Policy 4A.8 (Energy assessment) states that:
‘The Mayor will and boroughs should request an assessment of the
energy demand of proposed major developments, which should also
demonstrate the steps taken to apply the Mayor’s energy hierarchy. The
Mayor will expect all strategic referrals of commercial and residential
schemes to demonstrate that the proposed heating and cooling systems
have been selected in accordance with the following order of preference:
passive design; solar water heating; combined heat and power, for
heating and cooling, preferably fuelled by renewables; community
heating for heating and cooling; heat pumps; gas condensing boilers
and gas central heating. Boroughs should apply the same criteria to
major developments.’
Policy 4A.9 (Providing for renewables) - see section 1.1
Policy 4A.10 (Supporting the provision of renewable energy) states that:
‘The Mayor will support and encourage the development of at least one
large wind power scheme in London together with building mounted
schemes, where these do not adversely affect the character and amenity
of the area. UDP policies should identify suitable sites for wind turbines
and other renewable energy provision, such as non-building integrated
solar technologies along transport routes, reflecting the broad criteria to
be developed by the Mayor in partnership with the Environment Agency
and boroughs.’
1.6.4 THE ENERGY STRATEGY
The Energy Strategy is one of a series dealing with environmental issues
in London. The other strategies address Air Quality, Ambient Noise,
Biodiversity and Municipal Waste and together they provide the basis for
improving London’s environment and an integrated framework for
sustainable development. The Strategy sets out the Mayor’s proposal for
change in the way energy is supplied and used within London over the
next 10 years and beyond. The Strategy aims to improve London’s
environment, reduce the capital’s contribution to climate change, tackle
fuel poverty and promote economic development.
LONDON RENEWABLES

13

Integrating energy into new developments: Toolkit for planners, developers and consultants

Background: The Mayor’s Energy Hierarchy
In the Energy Strategy the Mayor has defined an ‘Energy Hierarchy’ to
help guide decisions about which energy measures are appropriate in
particular circumstances. When each stage of the Hierarchy is applied in
turn to an activity, it will help ensure that London’s energy needs are met
in the most efficient way:
i. Use less energy (Be lean)
ii. Use renewable energy (Be green)
iii. Supply energy efficiently (Be clean)
It is therefore important for energy efficiency as well as renewable energy
to be considered in each new development in London. This means that the
buildings will use less energy and therefore need to use a smaller amount
of renewable energy to supply the same proportion of the site’s needs.
1.6.5 POLICY PLANNING STATEMENT 22: RENEWABLES
Planning Policy Statement 22 on renewables covers the consideration of
planning issues relating to renewable energy projects. A Companion
Guide to PPS 22 is being published separately that will contain technical
advice and guidance on the various individual renewable technologies
and examples of good practice within development plans and
developments. The Companion Guide includes seven Technical
Appendices describing the issues associated with onshore wind, hydro,
active solar (PV and solar water heating), passive solar design, biomass,
energy from waste, landfill and sewage gas. These appendices contain
more detailed information than the technology guide in this document
and it is recommended that the Companion Guide is consulted by both
planners and developers.

Notes and references:
1 London Plan, www.london.gov.uk/mayor/strategies/sds/index.jsp
2 p 107, chapter 5, Green light to Green Power, The Mayor’s Energy
Strategy, www.london.gov.uk/mayor/strategies/energy/index.jsp
3 The development plan status of the London Plan occurs when the
Planning and Compulsory Purchase Act, 2004 comes into force. This is
due in September 2004, the same month of publication of this toolkit.
The development plan will comprise the London Plan together with the
relevant Borough Local Development Framework.
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2 Definitions
2.1 INTRODUCTION
There are five words or phrases that need defining in the Mayor’s policy:
London Plan policy 4A.9 ‘The Mayor will and boroughs should require
major developments to show how the development would generate a
proportion of the site’s electricity or heat needs from renewables,
wherever feasible’.
This section will outline what is to understood by
• ‘Major developments’
• ‘A proportion’
• ‘Electricity or heat needs’
• ‘Renewables’
• ‘Wherever feasible’
2.2 WHAT IS A MAJOR DEVELOPMENT?
There are two levels of major development addressed by the toolkit and
the policy.
2.2.1 MAJOR DEVELOPMENTS REFERABLE TO THE MAYOR
The Mayor’s London Plan policy refers only to planning applications
which must be referred to the Mayor according to Parts I - IV of the Town
and Country Planning (Mayor of London) Order 2000. See Appendix A
for the full list of those developments. Examples include 500 dwellings,
30,000 sq m commercial space in the city, 20,000 sq m and 15,000 sq m
of commercial space in and outside Central London respectively.
2.2.2 MAJOR DEVELOPMENTS AS DEFINED BY THE BOROUGHS
Each borough is able to define what it considers to be a major
development. It is suggested that the definition adopted by boroughs is
that currently used both by the ODPM PS2 form that each district
planning authority must use to report general developments, and by
other London boroughs that have already adopted or are in the process
of adopting a similar policy.
Major Developments can be defined as:
For dwellings: where 10 or more are to be constructed (or if number not
given, area is more than 0.5 hectares).
For all other uses: where the floor space will be 1000 sq metres or
more (or site is 1 hectare or more). Area of site is that directly involved in
some aspect of the development. Floor space is defined as the sum of
floor area within the building measured externally to the external wall
faces at each level. Basement car parks, rooftop plant rooms, caretakers’
flats etc. should be included in the floor space figure.

LONDON RENEWABLES
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2.3 WHAT IS A PROPORTION?
The London Plan asks for a proportion of the site’s heat or electricity
demands to be met by renewable energy demands, where feasible. No
definition of proportion is given - however, the London Plan (paragraph
4.18) does refer to the carbon dioxide emission reduction targets in the
Energy Strategy - ‘20 per cent [reduction] relative to the 1990 level by
2010 as the crucial first step on a long-term path to a 60 per cent
reduction from the 2000 level by 2050. It should be possible to reduce
emissions to 23 per cent below 1990 levels by 2016.’
In order to reach these targets, in the Energy Strategy the Mayor
is expecting the proportion to be at least 10 percent for
developments referable to him where feasible (proposal 13).
The Mayor also recommends that boroughs adopt the same policy
for major developments.
To give developers scope to assess what proportion is appropriate and
feasible for their site, the tables in Section 4 provide a range of figures to
help developers and planners assess likely energy demand and renewable
energy provision. Some technologies, such as photovoltaics and wind, can
be sized (presuming there is suitable roof space or land available with
appropriate wind speeds) to provide any proportion required. For other
technologies it makes sense to size them to meet the heating or cooling
load of the building, where possible, so it might be most cost-effective
and sensible for a ground source heat pump system to provide 50% or
100% of space heating demand, for example.
The issue of ‘a proportion’ is to be addressed in the first review of the
London Plan, which is likely to begin in 2005.
2.4 WHAT ARE ELECTRICITY OR HEAT NEEDS?
The London Plan and the Mayor’s Energy Strategy relate to the total
primary energy demand of a development. It is proposed as a matter of
practicality that this will be measured in terms of the carbon burden of
delivered energy requirements to the site.
As such, calculations later in the toolkit are oriented towards calculating:
• First the baseline carbon emissions from a development (taking into
account any application of energy efficiency techniques and
technologies, including CHP, that have been included before the
inclusion of renewable technologies.)4
• Second, the carbon emissions reductions achieved by including
renewable technologies in the development.
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The carbon emissions reductions as a proportion of baseline carbon
emissions for a development would be the quantity compared against the
policy requirements and any applicable targets.
The carbon emissions in question arise from the use of fossil fuels and
grid electricity in the development and it will be necessary to estimate
the quantities of fossil fuels and electricity delivered to the site in order
to calculate the predicted carbon emissions. The Mayor’s Energy Strategy
proposal 13 relates to all energy uses of the building and what goes on
within it. This includes energy use for heating, hot water, cooling,
ventilation, lighting, cooking appliances, computers, lifts, processes,
floodlighting, etc., depending on the building type. It is difficult to
predict many of these when undertaking a development as they depend
as much, if not more, on how the building is used as they do on how it
is designed; the operation and management of buildings by end users
varies greatly.
Section 4.3 of the toolkit discusses the methods available for estimating
the delivered energy requirements of buildings at the early stages of
design and outlines acceptable methodologies for domestic and nondomestic buildings.
2.5 WHAT RENEWABLES ARE APPLICABLE TO DEVELOPMENTS?
The seven renewables covered in the toolkit are listed in Table 1. These
renewables are considered acceptable for supplying the proportion of
energy demand. (These seven are all mentioned in the Mayor’s London
Plan, Policy 4A.7 and Policy 4A.8.) They are also considered to be the
most likely options for developers in London as they are commercially
available, technically proven and have been available for many years.
(The exception being biomass CHP, which is a more fledging technology
at present.) These technologies are described in detail in Section 3.

LONDON RENEWABLES
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Table 1 Renewable energy technologies suitable for London
System

Application

Comments

1

Wind generators

Domestic and/or
non-domestic

Only dedicated (private wire)
turbines or turbines located
within the curtilage of the development.
The former can be operated as
‘merchant wind’ systems see section
3.4.3.

2

Photovoltaics, roof top
and cladding

Domestic and/or nondomestic (cladding mainly non-domestic only)

Widely applicable to unshaded
roofs and facades.

3

Solar water heating

Domestic and/or nondomestic

Some non-domestic buildings have very
low hot water demand and thus solar
water heating is not really applicable to
these.

4

Biomass heating Domestic and/or nonindividual or group plant, domestic
district heating. Fuels wood, woodchips, pellets,
some industrial waste products.

Can be part of the fuel mix,
if modular boiler system used.

5

Biomass CHP Domestic and/or nonGasification, pyrolysis,
domestic
steam turbines, landfill gas,
ethylene

Gasification and pyrolysis still
developing, steam turbines are only
applicable to large schemes. Landfill
gas not normally available to buildings.

6

Ground source heat
pumps for heating
(space and hot water),

Domestic and/or nondomestic

7

Ground sourced inc.
borehole cooling, either
direct or via a chiller

Non-domestic only

Renewables in Table 2 are acceptable for supplying the proportion of
energy demand (both domestic and/or non-domestic), but are currently
not considered widely viable options in London. They are covered briefly
in section 3.11 but not included in the calculation section of the toolkit.
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Table 2 Acceptable renewable energy technologies (not covered in detail
in the toolkit)
System

Comments

1

Micro-hydro, small and low head

Some limited applications in London

2

Gas from anaerobic digestion

Technology being developed. Pilot project in
Southwark.

3

Geothermal heat, hot rocks

Could be available in London but unlikely due to
geology under London

4

Solar air collectors

Very small energy contribution and difficult to
calculate and measure

5

Ground cooling air systems

No experience currently in the UK

6

Fuel cells using hydrogen from
renewable sources

Not currently commercially available

2.6 WHAT IS FEASIBLE?
The feasibility of supplying a certain proportion of a development’s
delivered energy requirement from renewable sources may depend on
technical issues, financial issues, or both. On some sites only 5% may be
possible, however on others it could be 15% or more.
Developers will be expected to demonstrate that they have explored all
renewable energy options for a particular development. The Mayor will be
expecting the building form and construction to be adapted to take on
renewable energy to make its installation (more) feasible. Strong
justification from developers will be required if they do not think they
can provide the required proportion.
If it is believed not to be feasible to provide the applicable target
proportion of renewable energy in a particular development, developers
will be expected to explain their reasoning to planners and to include in
their proposals the proportion they judge is feasible.
It may be easier to meet more stringent criteria in lower density areas.
What is considered feasible is likely to vary as energy prices fluctuate, the
cost of the technologies change, and as new grants or legislation comes
in. See section 5 for more detail.
The London Plan and the Mayor’s Energy Strategy have both been
available since February 2004 so developers have had the opportunity to

LONDON RENEWABLES

19

Integrating energy into new developments: Toolkit for planners, developers and consultants

take account of the Mayor’s policies (and any relevant London borough
policies) on all new development plans in the subsequent period.

Notes and references:
4 Policy 4A.8 of the London Plan states that the Mayor will and boroughs
should request an assessment of the energy demand of the proposed
major development.
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3 Technology Guide
3.1 INTRODUCTION
This section provides a simple overview of the renewable technologies
that are currently available and could be used in new developments in
London. It is not intended to be an exhaustive technical guide and
references to further sources of information are provided. Both planners
and developers may find it of use.
This section also contains brief descriptions of energy efficiency measures
(Section 3.2) that should be considered at the earliest design stages of the
development. It contains questions that developers (or planners) should be
considering about energy efficiency in relation to their development.
The following renewable energy technologies are described in detail
(sections 3.3 -3.10) and are used in the tables in Section 4.12 and 4.13
of the toolkit:
•
•
•
•
•
•
•

Wind
Photovoltaics
Solar hot water systems
Biomass heating
Biomass combined heat and power (CHP)
Ground sourced heating
Ground sourced cooling

The following technologies may either become more widely available for
use in London in the future or for example in the case of geothermal are
unlikely ever to be appropriate for London and are mentioned briefly in
section 3.11:
•
•
•
•
•
•

Fuel cells using hydrogen from renewable sources
Gas from anaerobic digestion
Geothermal
Ground cooling air systems
Micro hydro
Solar air collectors
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3.2 ENERGY EFFICIENCY MEASURES
Background: The Mayor’s Energy Hierarchy
In the Energy Strategy the Mayor has defined an ‘Energy Hierarchy’ to
help guide decisions on which energy measures are appropriate in
particular circumstances. When each stage of the hierarchy is applied in
turn to an activity, it will help ensure that London’s energy needs are met
in the most efficient way:
i. Use less energy (Be lean)
ii. Use renewable energy (Be green)
iii. Supply energy efficiently (Be clean)
London Plan Policy 4A.7 and policy 4A.8 (see section 1.6.3) include
requirements regarding energy efficiency.
It is therefore important for energy efficiency as well as renewable energy
to be considered in each new development in London. This means that the
buildings will use less energy and therefore need to use a smaller amount
of renewable energy to supply the same proportion of the site’s needs.
Part L of the Building Regulations (Conservation of Fuel and Power) sets
out the legal requirements for the conservation of fuel and power in
buildings. Approved documents L1 and L2 cover dwellings and other
types of buildings respectively. The regulations cover thermal
performance of construction elements, heating system efficiency and
controls, and lighting. Boroughs have a general duty to see that building
work complies with the Building Regulations.
Some boroughs use sustainability checklists or specify BREEAM or
Ecohomes ratings to ensure a certain level of sustainability but do not
specify a level of energy efficiency in particular. At least the following
questions regarding energy efficiency technologies should be considered
(in no particular order):
3.2.1 DWELLINGS
There are a large number of Housing Energy Efficiency Best Practice
guidance documents available on domestic energy efficiency. A few are
highlighted in footnotes below.
Orientation
• Are dwellings orientated so that main living spaces face within 45º of
south (to take advantage of solar gain)?5
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• Are planting regimes of trees included to provide shelter belts from
prevailing south or south west winds?6 Are species being selected to
ensure that roof shading will not compromise potential solar schemes?
Heating system
• Flats - Is a CHP community heating system appropriate? Are there
adjacent buildings with high heat demand, such as a hospital or leisure
centre, that could make CHP a viable option?
• Flats - Is community heating an option (with each dwelling having
individual control of the heat and cost)?7. Flats may be able to link in
with an existing system.
• Houses and flats - Are A-rated SEDBUK8 (highly energy efficient)
boilers being fitted as standard?
Insulation
• Are insulation levels to the Energy Efficiency Best Practice Standard
‘Good’ or ‘Advanced’ standard being achieved?9
Lighting and appliances
• Are dedicated compact fluorescent light fittings installed throughout
the dwellings?10
• If provided, are appliances A-rated (highly energy efficient)?11
• Is lighting in communal areas controlled by demand?
Glazing
• Are high performance windows being specified (with U-values above
building regulations)?12
Drying Space
• Are internal or external clothes drying facilities provided (such as
rotary dryers or lines) to prevent the need for tumble driers?
Ventilation
• Are passive stack ventilation systems being installed?
• If whole house heat recovery ventilation is being installed, is the
efficiency of the heat exchanger greater than 65%?
3.2.2 BUILDINGS OTHER THAN DWELLINGS
Orientation
• Are buildings orientated so that main working spaces face within 45º
of south (to take advantage of solar gain and ease of shading)? This
doesn’t apply to all non-domestic buildings (e.g. offices and other
buildings that have a large cooling demand).
LONDON RENEWABLES
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• Where buildings (such as offices) will need cooling, are large west
facing windows avoided (difficulty with shading)?
Daylighting
• Are buildings designed to maximise use of daylight (and decrease the
need for artificial light) during the day?
• Are control systems to be fitted that optimise the use of daylight?
Heating system
• Is a CHP community heating system appropriate? Are there adjacent
buildings with heat demand, such as a hospital or leisure centre, that
could make CHP a viable option?
• Could the development link up with an existing community heating /
CHP system?
• Are condensing and highly efficient boilers being fitted as standard?
• Are ventilation heat recovery systems included?
Insulation
• Are insulation levels above building regulations being achieved?
Lighting
• Are dedicated energy efficient light fittings installed throughout
the buildings?
• Is a lighting control system being installed?
Glazing
• Are high performance windows being specified (with U-values above
building regulations)?
Cooling
• Is adequate external shading being fitted where solar gain can cause
overheating and/or increased cooling loads?
• Is a mixed mode air-conditioning system possible (natural
ventilation used when suitable with the option of using
air-conditioning when necessary)?
Ventilation
• Can the building be naturally ventilated either fully or partially?
• If not, can mechanical ventilation be used to avoid active
cooling systems?
Controls
• Is a suitable Building Management System (BMS) being installed?
24
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3.2.3 DESCRIPTIONS OF ENERGY EFFICIENT TECHNOLOGIES
The following is a brief guide to the technologies or measures listed in
section 3.2. Further information sources are given.
DWELLINGS
Insulation
Insulation in the walls, roof and floors can be improved above Building
Regulation standards to decrease the need for heating. General
Information Leaflet 72 (www.est.org.uk/bestpractice/publications/
detail.jsp?pk=38) of the Housing Energy Efficiency Best Practice
Programme has established ‘Best Practice’ and ‘Advanced’ insulation
standards for new homes. These are compared in Table 3 to the current
requirements of Part L1 of the Building Regulations.
Table 3 Insulation levels in dwellings
Maximum U-value (W/m2K)
Exposed element

2002 Building
Regulations

GIL 72
Best
Practice

GIL 72
Advanced

Pitched roof with insulation between joists

0.16

0.13

0.08

Walls, including basement walls

0.35

0.25

0.15

Floors, including ground floors and basement floors

0.25

0.2

0.10

Windows, doors and roof lights (area-weighted
average), glazing in timber or PVC frames

2.0

1.8

1.5

Ventilation
Building regulations require a ventilation system that provides a
continuous controlled supply of fresh air through trickle vents in windows
and which extracts moisture from kitchens and bathrooms.
Very low energy extractor fans are now available as are passive ventilation
systems that use natural stack effect to extract air through ducts to the
roof. Ventilation should be controlled by humidity sensors to reduce
energy demand.
Whole house mechanical ventilation systems are now available which use
heat exchangers to remove heat from the exhaust air and supply it to
incoming air. If installed these should have a heat exchanger efficiency
of at least 65%.
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Electric Heating Installations
Carbon dioxide (CO2) emissions per unit of energy delivered to a building
are far greater for electricity than for gas and hence electric heating
systems should be avoided unless served by heat pumps or renewable
energy. The cost of electric heating to the tenant is also much more
expensive than gas heating although the cost of the systems themselves
tend to be cheaper. (Where electric heat pumps are used, the efficiency
of the heat pump can balance out the additional CO2 emissions.) The
heating hierarchy in the London Plan (Policy 4A.8) infers that electric
heating is the least favoured option. The Mayor’s Energy Strategy advises
against electric heating in Chapter 5 (e.g. paragraphs 5.46, 5.79, 5.81
and 5.145) and suggests that community heating be considered as an
energy efficient, cost effective alternative, particularly for high rise
developments.
Heating System Efficiency
If central heating systems are installed they should be designed to the
CheSS Best Practice standards13. Boilers should also be selected to have
reduced NOx (oxides of nitrogen, a key air pollutant in London) emissions
(this will also contribute to meeting the objectives of the Mayor’s Air
Quality Strategy14). Condensing boilers15 are recommended, as they can
be up to 30% more efficient than standard boilers if operating correctly.
(Building Regulation standard for boiler seasonal efficiency is gas 78%,
LPG 80% and oil 85%.) Part L of the Building Regulations sets out
requirements for the efficient control of heating systems.
Community heating systems16,17
Community or district heating uses a central boiler plant or building
based systems to supply heat to dwellings via insulated underground
water mains. The advantages of modern community heating systems are:
• Having one central boiler plant provides greater flexibility to change
fuel sources in future, e.g. if gas becomes expensive while biomass
fuel sources become cheaper and more widely available.
• Central systems can reduce maintenance costs (and legal bills resulting
from access problems) particularly for housing associations or local
authorities who are obliged to undertake annual inspections of
individual gas appliances.
• Related to the point above, the systems are safer as they avoid
combustion appliances in the home.
• The use of central plant can allow better matching of heat generation
to demand resulting in general improvements in efficiency.
• It allows bulk purchasing of fuel, potentially leading to reduced
running costs for occupants.
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• The heat exchanger unit, which is similar to a conventional wall hung
boiler in size does not have to be mounted on an external wall as
there is no flue.
The developer would need to identify or set up a company (such as an
Energy Services Company or ESCo)18 to install, manage and operate the
scheme including billing tenants and homeowners for the energy used.
The capital cost of a community heating system, taking into account the
installation of the heat main, is likely to be more than individual boilers.
The main factor affecting cost is the density of homes and the number of
connections that need to be made to the underground heat main. If
connections can be kept to a minimum and distribution pipework runs
above ground where possible, costs can be reduced.
A community heating network could be fuelled either by high efficiency
gas boilers, biomass fuelled boilers or by a combination of boilers and
CHP plant. These options could all be assessed as part of a detailed
feasibility study. Biomass would require a reliable supply of appropriate
fuel to be sourced - see Biomass section 3.7 for details.
There are already a considerable number of community heating systems
in London and a cost effective option would be to link up with existing
schemes that have spare capacity. The Greater London Authority is
currently carrying out a strategic analysis of where community heating is
likely to be most feasible in London due to the existing heat demand.
One of the outputs of the study will be proposals for specific areas where
community heating infrastructure could be developed, building on
existing networks. The study will be available from the Greater London
Authority at the end of 2004.
Combined Heat and Power (CHP)
When electricity is generated in central power stations around 60-65% of
the primary energy is rejected as waste heat into the atmosphere often
via the familiar cooling towers we see dotted around the landscape.
Combined heat and power units generate electricity locally so that waste
heat can be used for beneficial purposes. Where all the waste heat
generated can be used, CHP units will have overall efficiencies of up to
80-85% compared to 35-40% for conventional power stations.
CHP systems produce roughly twice as much waste heat as they generate
electricity. To be viable economically they require a large and constant
demand for heat. This can sometimes make their application to energy
efficient new housing problematic. Current insulation standards mean the
requirement for space heating is very low and demand is present for only
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part of the year. The only constant source of heat demand is for domestic
hot water and in terms of reducing CO2 emissions much of this demand
could be met by the use of solar water heating instead (in low rise
dwellings). For CHP systems to be economically viable they need to run
for at least 4,000 hours per year. They are more suitable for leisure
centres with swimming pools and hospitals that have a high, year round
heat demand or in mixed use developments with suitable heat demands
(the London Plan is promoting mixed use developments through Policy
3B.4). However, new housing or office developments may be able to
make use of existing CHP schemes nearby (Mayor’s Energy Strategy
proposal 18). ESCos may need to be set up or employed to finance and
manage the CHP and related energy services (see previous section on
community energy).
Low energy lighting
Compact fluorescent lamps (CFLs) use just one fifth of the energy of
conventional tungsten filament bulbs and last approximately eight times
longer. Building regulations require that at least one room in three should
have fittings designed for energy efficient lamps. Where external lighting
is provided, this should use compact fluorescent lamps and be equipped
with appropriate presence-detection and daylight cut-off devices. Light
Emitting Diode (LED) lights, although not currently available, may replace
CFLs as a more energy efficient option in the future.
NON-DOMESTIC BUILDINGS
Insulation
Insulation standards should be provided which exceed the minimum
requirements set out in Part L2 of Building Regulations and excessive
areas of glazing should be avoided.
Airtight Construction
CIBSE TM2319 sets out good and best practice air permeability rates for
different building types; the best practice rates should be adopted for
all buildings.
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Table 4 Air permeability rates for different building types
Building Type

Air Permeability (m3/h/m2 at 50Pa)
Good Practice
Best Practice

Offices Naturally Ventilated

7

3.5

Offices with balanced ventilation

3.5

2

Superstores

3.0

1.5

Industrial

10

3.5

Air permeability targets should be established for new buildings in line
with Best Practice and tests carried out to demonstrate compliance.
Heating
The most appropriate and efficient form of heating for a building will vary
depending on the use to which the building is to be put. For buildings
which are used intermittently (such as churches) or which have large air
volumes (such as industrial units) radiant heating may be an effective
form of heating. For buildings which are used more regularly and those
with smaller air volumes, conventional, central hot water systems will be
more effective. For non-domestic buildings with varying loads, modular
boilers should be used to prevent frequent inefficient operation at part
load. Condensing boilers, with their higher seasonal efficiency, should be
used in place of conventional boiler plant. Where condensing boilers are
installed, weather compensation and underfloor heating will improve
efficiency by reducing water flow temperatures.
Reducing Cooling Demand
The increased use of electrical equipment such as personal computers
and photocopiers in buildings has lead to an increase in the use of airconditioning. This is likely to get worse as summertime temperatures
increase as a result of climate change. Figures contained in Energy
Consumption Guide 1920 show that energy use in typical air-conditioned
office buildings is approximately double that of naturally ventilated office
buildings. Good Practice Guide 29021 provides information for building
developers and investors on energy efficient strategies for cooling
buildings. Good Practice Guide 29122 helps designers appraise the various
options available.
The need for air-conditioning or the size of the systems installed can be
reduced by:
• Controlling solar gains through glazing
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• Selecting equipment with reduced power requirements (e.g. flat screen
monitors, etc.)
• Separating high heat load processes (including industrial processes,
mainframe computers, large photocopiers etc) from office
accommodation
• Making use of thermal mass and night ventilation to reduce
peak temperatures
• Providing effective natural ventilation
• Reducing lighting loads and installing effective lighting controls
• Shading techniques for the windows.
Reducing Energy Demand For Lighting23.24
Energy use for lighting can be reduced by:
•
•
•
•
•

Making maximum use of daylight while avoiding excessive solar gain
Using task lighting to reduce background illuminance levels
Installing energy efficient luminaires with a high light output ratio
Selecting lamps with a high luminous efficacy
Providing effective controls which prevent lights being left
on unnecessarily.

Ventilation for non-domestic buildings
Natural Ventilation
It may be possible to reduce heat gains to the point where airconditioning is unnecessary and where comfort conditions can be
maintained through the use of natural ventilation.
All development proposals should explore the use of natural ventilation
and examine how the installed power of mechanical ventilation and airconditioning systems can be reduced. CIBSE Application Manual TM1025
provides detailed guidance on the design of naturally ventilated buildings
and helps to identify in what circumstances natural ventilation is likely to
be effective. Good Practice Guide 23726 provides similar information.
Effective window design is essential in naturally ventilated buildings.
Windows should allow ease of control by building occupants regardless of
subsequent desk arrangements.
Mechanical Ventilation
The main use of energy for both mechanical cooling and for air
conditioning is the fans needed to circulate the air. Energy Efficiency
Good Practice Guide 257 provides details on reducing energy use for
mechanical ventilation systems.
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3.3 RENEWABLE ENERGY TECHNOLOGIES - GENERAL
This section answers some general ‘frequently asked questions’ about
renewable energy technologies.
3.3.1 ARE THERE RISKS IN USING RENEWABLE ENERGY SOURCES?
In most applications of renewable energy in buildings, there are no risks
of complete loss of heating or electricity supply, as the renewable sources
have conventional back-up, such as electricity from the grid connection
or heating from parallel systems. Most of these technologies are mature,
and have been in successful operation for many years either in the UK or
in Europe.
Ground sourced heating and cooling systems could be subject to
mechanical failure as with any heating or cooling system. This could lead
to loss of comfort, as in the case of conventional boiler or chiller
breakdown. Systems, such as biomass boilers, will frequently have parallel
equipment to allow for peak loads and maintenance. Risks of poor or
reducing performance exist if maintenance (where needed) is neglected
or, with solar systems, when there is significantly below average sunshine.
3.3.2 HOW MUCH DO RENEWABLE ENERGY SYSTEMS COST?
Renewable energy systems vary greatly in their capital cost (see tables in
section 4.12). Grants are available in some instances to reduce capital
costs and guaranteed premium electricity prices is a mechanism that may
be used in the future. All renewable energy sources apart from biomass
products, are free (sun, wind, ground heating and cooling, etc.) though
the collection equipment requires investment, thus fuel cost savings are
always made. Renewable energy systems may not be considered
expensive if the invisible costs of fossil fuel use are taken into account,
such as global warming, depletion of limited resources and extraction
pollution. These invisible costs are one of the reasons for the promotion
of renewable energy sources.
A solar powered bus stop
The price of the systems will come down as the technologies and the
market develops. Other factors such as the price of fossil fuels, price of and shelter in London.
carbon, legislative changes and new grant schemes will also have an
effect on the relative price of renewables. See section 5.6 for more detail.

3.3.3 WILL RENEWABLES IMPACT A HOMEOWNER’S ABILITY
TO GET A MORTGAGE?
There is no reason that building integrated renewables should make it
more difficult to get a mortgage. Reduced heating or electricity costs
should release money with which to make repayments. Some mortgage
providers (currently the Norwich and Peterborough Building Society, the
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Ecology Building Society and the Co-operative Bank) offer green
mortgages, for which the presence of renewables could be an advantage.
3.3.4 DO WE NEED TO ESTABLISH OR USE AN ENERGY SUPPLY COMPANY
FOR COMMUNITY BASED RENEWABLES?
Most renewable energy related to buildings needs little organisational
support as energy is used in the building and surplus can be exported to
the grid via an individual meter. Where an area or community scheme
generates electricity, as with a CHP system or wind generator, an
organisation will need to be set up to manage the system and export the
electricity to the grid (see section 4.6.8). Under certain circumstances it
may be possible to set up a ‘private wire system’ (as at Woking Borough
Council) to supply electricity to local users.
3.3.5 WILL RENEWABLES AFFECT RENTS OR VALUE TO INSTITUTIONAL
INVESTORS OF COMMERCIAL PROPERTY?
Where a developer wishes to present a sustainable image to attract
clients who have a similar commitment, renewable energy installations
will be a valuable asset - particularly the more visible ones such as
photovoltaics and wind turbines. Such a client is likely to be willing to
pay a small premium for a building with integrated renewables and will be
interested in the long term running cost benefits (compared with many
other green elements). Equally if the building is more attractive and thus
can be sold or rented more quickly, this can be an important advantage.
Renewable energy also is a future proofing strategy against future fuel
price and climate change levy increases. Where life cycle costings are
used, renewables will certainly increase value.
3.3.6 CAN A COMBINATION OF MEASURES BE USED ON
ONE DEVELOPMENT?
It is likely that a combination of renewable technologies may be required
in order to meet the required proportion of delivered energy for the site.
Most of the technologies are compatible for use within a development
made up of different building types. Some technologies however, such as
combined heat and power and solar water heating should not be used on
the same building (both provide hot water).
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3.4 RENEWABLE ENERGY TECHNOLOGY - WIND TURBINES
3.4.1 DESCRIPTION
Wind energy is one of the most
cost effective methods of
renewable power generation.
Wind turbines can produce
electricity without carbon dioxide
emissions ranging from watts to
megawatt outputs. The most
common design is for three
blades mounted on a horizontal
axis, which is free to rotate into
the wind on a tall tower. The
blades drive a generator either
directly or via a gearbox
(generally for larger machines) to
produce electricity. The electricity can either link to the grid or charge
batteries. An invertor is required to convert the electricity from direct
current (DC) to alternating current (AC) for feeding into the grid.

Proven 6kW turbine,
BP filling station,
Wandsworth, London.
© Proven Energy

3.4.2 WHERE CAN WIND TURBINES BE USED?
Modern quiet wind turbines are becoming viable in low density areas,
where ease of maintenance and immediate connection to the grid or
directly for use of the electricity in a building, may make them cost
effective, despite lower wind speeds than in open areas. Wind turbines
are generally less suited to dense urban areas as their output will be
affected by potentially lower and more disrupted wind speeds, and the
use of larger more cost effective machines may be prohibited by their
proximity to some building types. However as shown by the image above,
small turbines can be used in inner city areas.
Small turbines can also be mounted on buildings. There are currently few
practical installations of roof mounted wind turbines in the UK but it is
anticipated that this will be a growing market and a number of companies
are marketing small roof mounted turbines.
Potential public resistance has restricted the use of large-scale wind
turbines (above 50kW) although studies show that in general the local
perceptions of wind farms/turbines improve once it has been erected.
Less resistance has been noted for small-scale systems where the key
consideration is likely to be noise, rather than visual. However, all sites
should be assessed in the first instance for their suitability, as with early
community involvement, a wind turbine could provide a landmark
LONDON RENEWABLES
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showing the commitment of a development and a particular community
to sustainable development. Community consultation and buy-in would
be essential for the success of larger turbines. Small-scale turbines are
likely to have less of an impact. There are examples of community groups
funding their own wind turbines in the UK and similar models could be
explored for sites in London.
3.4.3 COST RANGES
The Clear Skies Programme gives a cost range of £2,500 - £5,000 per
kWe installed. Suppliers should be contacted for up to date costs and any
bulk discounts that may be applicable.
See section 4.6 for details on available grants.
Alternatively, a ‘merchant wind’ system can be set up whereby a separate
company pays for building and running the wind turbine(s), with the
developer / client providing the land and signing a contract to buy the
electricity generated by the turbine(s) for a fixed period (usually a
minimum of 12 years). Both Ford in Dagenham Docks in London (see
case study) and Sainsburys in East Kilbride, Scotland have a merchant
wind agreement with Ecotricity.
3.4.4 OUTPUT RANGES
Wind turbines are available with outputs ranging from 600W to 3.6MW.
The main factor affecting the output of wind turbines is the average wind
speed. This varies for different areas of the UK but increases with the
height of the turbine above ground level. Local topography can
significantly impact upon local wind speeds. A small difference in wind
speed will make a large difference to output.
A database on www.bwea.org.uk can be used to predict the approximate
wind speed at a particular set of co-ordinates at different heights.
Using Proven wind turbines as an example (data taken from Proven data
sheets www.provenenergy.com), Table 5 shows yearly output in kWh for
different sizes of turbine:
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Table 5 Yearly output for different rated turbines
Average site wind speed m/s
Yearly output in kWh for
turbines rated at:

4.0

5.0

6.0

7.0

8.0

600W

794

1,354

1,948

2,504

2,969

2.5kW

2,473

4,282

6,333

8,403

10,251

6kW

6,765

11,622

16,900

21,944

26,216

15kW

16,912

29,054

42,250

54,860

65,541

A gas heated, 2 bed/4 person flat (built to 2002 Building Regulations)
uses approximately 1,500kWh/yr in electricity (for lights and appliances).
From the table above, it can be seen that a 600W turbine would provide
all of the flat’s electricity needs over a year, providing a saving of
approximately £100 (based on 6.38p/kW for electricity).
A gas heated 4 bed/ 7 person 3 storey terraced house (built to 2002
Building Regulations) uses approximately 2,500kWh/yr (for lights and
appliances). From the table above, it can be seen that a 600W turbine
would provide all the electricity needs over a year, if there was an average
wind speed of 6m/s, providing a saving of approximately £160 (based on
6.38p/kW for electricity).
3.4.5 TECHNICAL FEASIBILITY ISSUES OR CONSTRAINTS
Issues to be taken into consideration include:
• The average wind speed at the site. Currently the BWEA suggests a
large wind turbine to be viable where wind speed is 7m/s or above.
However turbines will operate from a wind speed of 4m/s and produce
useful amounts of energy.
• The uneven and turbulent wind patterns that occur near buildings and
other obstacles.
• The need for planning consent. The best practice for a developer is to
speak to the local planning authority at the earliest possible
opportunity to see if there are objections to the proposal which
cannot be negotiated. However, the planning office may also indicate
key issues of concern from which a judgement can be made on how to
deal with the proposal in terms of the design, location, size and scale
of the project.
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• The potential visual impact on important public viewpoints and on
local ecology should also be assessed.
• Any landscape designates (such as AONB or SSSI) and Conservation
Areas. See the British Wind Association’s27 Best Practice Guidelines for
Wind Energy Development for further guidance.
• The need to maintain adequate access for maintenance and
initial installation.
• Possible noise from the turbines (although modern turbines without
gearboxes are quiet and are said to be drowned out by a passing car).
Many London areas have 24-hour background noise which can mask
any noise from a wind turbine (see 3.4.8). For more information see
the BWEA web page www.bwea.com/ref/noise.html.
• The available space for a turbine, as they must be placed a
minimum distance from residential and school buildings due to
noise, reflected light and shadow flicker, which varies according to
their height (see 3.4.8).
• Some turbine blades come in different colours. The colour could be
chosen to enhance the appearance of the turbine or make it as
inconspicuous as possible (if this was the desired outcome).

© RES

3.4.6 MAINTENANCE REQUIREMENTS
There are very few maintenance requirements - a service check every
couple of years would be advisable. A wind turbine typically lasts
20-25 years.
3.4.7 ADDITIONAL BENEFITS OF TECHNOLOGY
• This is one of the more cost effective of the available
renewable technologies.
• There could be significant green marketing opportunities.
3.4.8 PLANNING AND LEGISLATIVE ISSUES
Planning permission will be required for each location. If the proposed
site for larger wind turbines (above 50kW) is in Greenbelt or Metropolitan
Open Land, demonstration of ‘very special circumstances’ will be required
to obtain planning permission. See Planning Policy Guidance 2: Green
Belts28 for further details.
The potential impact of noise from turbine blades, mechanical
components and any linked structures should be considered. This includes
structure-borne vibration if turbines are building-mounted. Modern
turbines can be much quieter than earlier models, and variation in size,
design and performance means that specifying universally applicable
distances from housing, schools or other noise-sensitive receptors has
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become inappropriate. Variations in local background noise also mean
that proposals need to be assessed in relation to local circumstances.
Particular attention should be paid to how turbine noise compares with
background noise during quieter periods, particularly night (2300-0700)
and to situations where receptors and turbines may sometimes be in
contrasting wind-noise conditions.
3.4.9 LINKS TO EXISTING SUPPLIER, INSTALLER AND PRODUCT LISTS
The British Wind Energy Association has a list of company members on its
website - www.bwea.com/members/CompanyDirectory.asp.
The DTI Clear Skies grant scheme has a list of registered installers and
products that must be used by those applying to the programme. To
become registered, detailed application forms must be filled out giving
details of relevant and appropriate experience www.clear-skies.org.
3.4.10 RELEVANT CONTACTS FOR GRID CONNECTION
See section 3.5.5 for more information on grid connection. The contact
for the Distribution Network Operator in the London area is EDF Energy,
Projects Gateway, EDF Energy, Metropolitan House, Darkes Lane, Potters
Bar, Herts, EN6 1AG T: 08701 964599, F: 0845 6500248
W: www.edfenergy.com.
3.4.11 LINKS TO SOURCES OF MORE DETAILED TECHNICAL INFORMATION
• Companion Guide to PPS 22: The technical annexes. Available at
www.odpm.gov.uk/planning
• Best Practice Guidelines for Wind Energy Developments, available for
download from www.bwea.com/ref/bpg.html
• The Assessment and Rating of Noise from Windfarms, ETSU report for
DTI. www.dti.gov.uk/renewable/wind_environment.html and
www.dti.gov.uk/renewable/publications.html (also has guidance
on aviation).
3.4.12 FREQUENTLY ASKED QUESTIONS
Who will manage the on-going maintenance and management of a
wind turbine?
There are private companies who will contract to carry out this work or
will take over the whole project including the original investigations,
investment, management etc, normally on the basis of a long term
electricity purchase arrangement. See British Wind Energy Association
web site www.bwea.com/members/GenericList.asp.
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3.4.13 WIND CASE STUDY - FORD’S DAGENHAM DIESEL CENTRE
Two wind turbines constructed on-site to supply 100% of
electricity requirement.
GENERAL
Name:

Ford’s Dagenham Diesel Centre

Location:

Dagenham, London

Planning Authority:

London Borough of Havering and London Borough of Barking & Dagenham

Size:

30,000 m2 diesel engine assembly facility

Completion Date:

April 2004

Client/Developer:

Ford

Main Contractor:

Ecotricity

Drivers for inclusion:

For Ford to address Climate Change Levy implications, as well as a
corporate commitment to sustainable development.

Cost:

The turbines are funded through a ‘Merchant Wind
Power’ arrangement:
Capital costs are met by Ecotricity. This includes the planning (wind
measurement, preparation of the Environmental Impact Assessment,
planning applications, etc) as well as the installation and maintenance
of the turbines.
Ford has a contract to buy the electricity produced (typically these
contacts are for at least 10 years). This electricity will be at a reduced
rate compared with grid electricity due to cutting out distribution
costs, a guaranteed supply of green electricity and exempt from the
climate change levy.

Value/source of any grant
funding:

None

TECHNICAL
Technology used:

Enercon E-66 Turbines

Capacity:

2 x 1.8MW Turbines. 6.7million kWh per annum.

Capacity as % of total site
energy demand:

100% of site electricity requirement

Description of system:

Technical problems
faced/resolved:

Rotor diameter: 70m
Length of blades: 35m
Hub height: 85m
Connected to existing 11kv sub-station already on the site.
None

PLANNING
Planning problems
faced/resolved
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No substantial objections were received. The LDA raised concerns about
the effect on potential adjacent land use.
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FURTHER INFORMATION
www.ecotricity.co.uk/projects/Ford/plan_ford.html

© Ecotricity

OTHER EXAMPLES
• Ormiston Wire Ltd, factory in Middlesex.
(See www.ormiston-wire.co.uk/news/solarwind.cfm)
• BP Filling Station, A3, Wandsworth, London
• BP Filling Station, A127, Havering, London
• Willow Lane industrial estate, London Borough of Merton - planning
permission received. (See ‘London Renewables Training module 4: case
studies’ for details.)
• Beaufort Court, Hertfordshire. (See ‘London Renewables Training
module 4: case studies’ for details.)
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3.5 RENEWABLE ENERGY TECHNOLOGY - PHOTOVOLTAICS
3.5.1 DESCRIPTION
Photovoltaic systems convert energy from the sun into electricity through
semi conductor cells. Systems consist of semi-conductor cells connected
together and mounted into modules. Modules are connected to an
inverter to turn their direct current (DC) output into alternating current
(AC) electricity for use in buildings. Photovoltaics supply electricity to the
building they are attached to or to any other load connected to the
electricity grid. Excess electricity can be sold to the National Grid when
the generated power exceeds the local need. PV systems require only
daylight, not sunlight to generate electricity (although more electricity is
produced with more sunlight), so energy can still be produced in overcast
or cloudy conditions. Photovoltaics are generally blue/grey in colour and
can be used successfully in all parts of the UK, including London.
3.5.2 WHERE CAN PHOTOVOLTAICS BE USED?
Photovoltaic panels come in modular panels which can be fitted to the
top of roofs (looking similar to a roof light) and in slates or shingles
which are an integral part of the roof covering (looking similar to normal
roof tiles). Photovoltaic cells can be incorporated into glass for atria walls
and roofs or used as cladding or rain screen on a building wall - this is
particularly suitable for prestige offices. They can also be attached to
individual items such as street lights, parking meters, motorway noise
barriers or the sides of bridges.

Photovoltaic systems can be discreet through being designed as an
integral part of the roof. An ‘invisible’ design using slates or shingles as
opposed to an architectural statement is likely to be preferable if in a
sensitive area.
Ideally photovoltaics should face between south-east and south-west, at
an elevation of about 30-40°. However, in the UK even flat roofs receive
90% of the energy of an optimum system. They are particularly suited to
buildings that use electricity during the day - offices, retail and schools.
40
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3.5.3 COST RANGES
There is rarely a standard photovoltaic project so it is hard for
manufacturers /installers to quote average prices.
Ball park figures for fully installed costs are:
• £5,000-£8,000/kWp for a 1kWp (the peak output of the panel) roof
mounted system (the Energy Saving Trust show the average installed
cost to be £6,000)
• £10,000 -£15,000/kWp for façade or atrium systems.
There are economies of scale to be had, both in size of system and
number of systems bought. For example, one supplier suggests a 10%
reduction for a 5kWp system and a 20% reduction for a 50kWp system
(from the 1kWp system price). Discounts will need to be negotiated on
an individual basis with suppliers for each project.
See section 4.6 for details on available grants.
3.5.4 OUTPUT RANGES
The size of a photovoltaic installation is expressed by its kilowatt peak
(kWp) potential, which is an indication of how much electricity the
system could generate at peak or optimum conditions.
As a rough rule of thumb the Department of Trade and Industry estimates
that a typical 1kWp system in the UK could be expected to produce
between 700-750 kWh/yr of electricity (new data is pending), although
some technologies will generate considerably more than that. A high
performance system in London might be expected to produce a maximum
of 850kWh/yr.
The performance depends more on location, orientation and whole
system design than it does on cell type.
Photovoltaic cells come in a number of types with varying operating
efficiencies and therefore different areas of panel are required to produce
the same output:

Efficiency

m2 required to mount 1kWp

Mono-crystalline silicon

15%

8m2

Poly-crystalline silicon

8-12%

10m2

Amorphous silicon

4-6%

20m2
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A gas heated 2 bed/4 person flat (built to 2002 Building Regulations)
uses approximately 1,500kWh/year in electricity (for lights and
appliances), so a typical 1kWp system would provide approximately 45%
of the dwelling’s electricity needs.
A gas heated 4 bed/7 person 3 storey terraced house (built to 2002
Building Regulations) uses approximately 2,500kWh/yr (for lights and
appliances), so a typical 1kWp system would provide approximately 28%
of the dwelling’s electricity needs.
From the DTI domestic field trial performance analysis of 113 domestic
systems, the average contribution of PV system to the electrical load
has been 43%. The contribution clearly depends on the size of the
system installed but is also a function of the available sunlight
throughout the year.
Refer to the scenario tables in section 4.13 to see what size of panel will
give what percentage of demand for different building types.
3.5.5 TECHNICAL FEASIBILITY ISSUES OR CONSTRAINTS
• Photovoltiacs should ideally face between south-east and south-west,
at an elevation of about 30-40° although arrays pointing east or west
are acceptable (albeit at lower performance) especially for roofs
inclined at a low angle to the horizontal.
• Arrays should NOT be horizontal as the rain will be unable to wash
them clean.
• Systems should be in locations that will be unshaded at all times of
day if possible. Gable roofs, chimneys, cables, TV aerials, trees and
other buildings in the vicinity should be identified as potentially
shading the modules, particularly in the early morning or early
afternoon. The performance of a whole panel will be affected even if
only part of it is shaded.
• Photovoltaics need to be ventilated (behind the modules) so that they
don’t heat up - their efficiency decreases as their temperature rises.
Suitable ventilation is easier to ensure for bolt-on systems. Rear
ventilation is less important for some thin film modules which can be
mounted directly onto the roof cover.
• If retrofitting systems to existing buildings, the system must be
carefully positioned on the roof to take account of the loading
capacity of the roof.
• The potential for vandalism should be assessed if the system can be
seen from the ground or if it is accessible due to raised pavements or
other buildings. Sometimes it is necessary to cover panels with heavy
duty perspex to protect them from flying objects.
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• Care must be taken if the systems are to be fitted to social housing
properties (or other properties) with pre-payment meters as some
meters do not allow the export of electricity and can be damaged by
attempted export.
• If the area is known for a bird population (e.g. seagulls) they may
need to be discouraged from perching near the systems to prevent the
need for regular cleaning.
• If a photovoltaic system cannot be installed at time of build, the
electrical systems of the building (this is particularly relevant for
dwellings) should be prepared to facilitate later retrofitting. This would
include an extra 3 ways in the fuse board and an extra fuse spur
extending into the roof space. The design of a building should always,
where practicable, be suitable to support solar technologies at a later
date (Mayor’s Energy Strategy Proposal 17).
Grid connection
The Local Distribution Network Operator (DNO) is an entity licensed to
distribute electricity through cables and has a duty to provide connections
to premises. In London the main DNO is EDF Energy, with a small part of
the west of London covered by Scottish and Southern Energy.
For outline details on how to connect a photovoltaic system into the grid
consult OFGEM guidance ‘How to get connected to electricity supply’
www.ofgem.gov.uk/temp/ofgem/cache/cmsattach/5329_howtogetconn
ectedtoelectricitysupply.pdf
For more detail, consult ‘A Technical Guide to the Connection of
Generation to the Distribution Network’ www.energynetworks.org/
pdfs/FES_00318_v040211.pdf published in February 2004, funded by
the DTI New and Renewable Energy Programme.
There is generally no charge currently for small (household) photovoltaic
systems due to changes in standards. There is likely to be some charge for
bigger schemes and this will be dependent on the size of the scheme and
the nature of the network that the installation is being connected to.
From April 2005, the connection charge for large systems is likely to be
decreased, however there are likely to be ‘ongoing use of system’
charges, which currently do not exist (at present, once the system is
connected there is no further fee).
From April 2005, the regulator will be giving an incentive to DNOs to
connect embedded generation schemes to the grid. (Embedded
generation schemes are energy generating systems such as small-scale
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renewable energy systems which will only export to the grid when they
generate more than their base load requirement).
For small systems, the DNO must only be told about the installation at
the time of commissioning but for larger systems or a number of small
systems, discussion should start as soon as possible with the DNO to
ensure the project goes to time. It is likely that DNO personnel would
need to be present at the time of commissioning for larger projects.
The contact for the DNO in the London area is EDF Energy, Projects
Gateway, EDF Energy, Metropolitan House, Darkes Lane, Potters Bar,
Herts, EN6 1AG T: 08701 964599, F: 0845 6500248 W:
www.edfenergy.com.
3.5.6 MAINTENANCE REQUIREMENTS
There should be very little maintenance required as the technology has
no moving parts. If there is a large bird population in the area, they
should be discouraged from perching on or near the PV cells as quantities
of bird excrement on the panels will affect their performance. Bird
excrement is unlikely to be washed away by rain.
Solar power panels
installed in the UK’s
first private commercial
housing development
in Edmonton,
North London.
© solarcentury

The output of the panel should be monitored so that if the output is
much lower than expected, the panels and set up can be inspected and if
necessary cleaned.
3.5.7 ADDITIONAL BENEFITS OF TECHNOLOGY
The two main benefits of incorporating photovoltaics into a development
are the production of free electricity and the consequent saving of
carbon emissions. As a technology it also has a number of other benefits:
• Straightforward to install as modular and light
• Technically reliable - they are generally guaranteed to last between
20-25 years but are expected to last longer
• Avoidance of climate change levy for non-domestic buildings
• Architectural integration - photovoltaics can be added almost invisibly
to buildings, can be used as a design element or can lead the
architectural concept of a building
• Marketing impact - a clear statement about renewable energy
• Excess electricity can be sold to the grid. The price obtained will need
to be negotiated with an energy supplier
• Money can be saved where the PV panels displace other
construction materials such as roof tiles, or prestige cladding
materials such as marble
• Renewable Obligation Certificates, or Renewable Energy Certificates of
Origin can be obtained depending on the amount of electricity
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generated by the panels - these can be then be traded. See section
4.6.7 for more details.
3.5.8 PLANNING AND LEGISLATIVE ISSUES
See section 3.6.8 on solar water heating for details regarding planning
permission, as it is the same for photovoltaic systems. As with solar water
heating more discreet designs using slates or shingles as opposed to an
architectural statement are likely to be preferable in sensitive areas.
Grid connection
There are no licensing requirements relating to photovoltaic systems,
however the consent of the local Distribution Network Operator (DNO) is
required to connect the system to the grid (in the London area this is
EDF Energy). See section 3.5.5.
Single installations of small photovoltaic systems (up to 5kW) will come
under the scope of Engineering Recommendation G83/1 ‘Recommendations for the connection of small-scale embedded
generators (up to 16a per phase) in parallel with public low-voltage
distribution networks’ 29.
Larger systems (above 5kW) and multiple small systems are required to
meet Engineering Recommendation G59 - ‘Recommendations for the
connection of embedded generating plant to the regional companies’
distribution systems’.
3.5.9 LINKS TO EXISTING SUPPLIER, INSTALLER AND PRODUCT LISTS
The British Photovoltaic Association has a list of members on its site. A
database of members allows searching by location www.pvuk.org.uk/industry/index.php.
The DTI Solar Grants website has a list of registered installers and
products on its website, www.est.co.uk/solar. It is a condition of the
photovoltaic grant scheme that systems must be designed and
commissioned by accredited organisations.
3.5.10 LINKS TO SOURCES OF MORE DETAILED TECHNICAL INFORMATION
• Companion Guide to PPS 22: The technical annexes. Available at
www.odpm.gov.uk/planning.
• The British Photovoltaic Association, National Energy Centre, Davy
Avenue, Knowlhill, Milton Keynes, MK5 8NG, T: 01908 442291,
F: 0870 0529193, E: enquiries@pv-uk.org.uk, W: www.pv-uk.org.uk.
• Photovoltaics in Buildings: A Design Guide Report No ETSU
S/P2/00282/REP. March 1999. Available from DTI publications
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orderline 0870 150 2500, www.dti.gov.uk/energy/renewables/
publications/pdfs/pvguide.pdf.
• Photovoltaics in Buildings: Testing, Commissioning and Monitoring
Guide Report No ETSU S/P2/00290/REP, available from DTI as above.
3.5.11 FREQUENTLY ASKED QUESTIONS
Are there enough trained installers to actually do PV installations safely?
It has been recognised that more installers will be needed to meet an
increased demand for PV installations to meet the Mayor’s targets for PV.
A new nationally recognised grid-connected PV installation City & Guilds
course 2372 has recently been developed. It is aimed at experienced
electricians who either have or are working towards NVQ Level 3 or
equivalent. The training project has been developed by IT Power, CREST,
TNEI and ISPQ with the support of The Carbon Trust. The College of
Northwest London www.cnwl.ac.uk is expected to be running the course.
London Renewables has also commissioned a skills study on renewables,
which should be published at the end of summer 2004.
Will a PV roof affect my National House-Building Council
(NHBC) warranty?
If a photovoltaic system is being installed by the developer as part of a
new build project, then the roof will be covered by the warranty as
normal (although the panels themselves will not be covered). If PV panels
are being retrofitted to an existing roof covered by an NHBC warranty,
then if there is any damage caused as a result of the panel installation
(for example, water ingress) then the resulting damage will not be
covered by the NHBC warranty.
Is it expensive to get a grid connection for renewable energy supplies?
People have experienced difficulties and high connection charges in the
past, however section 3.5.5 explains the present and expected future
costs of connection.
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3.5.12 PHOTOVOLTAICS CASE STUDY - TRANSPORT FOR LONDON BUS STOPS
Application of photovoltaics to light bus stop information.
GENERAL
Name:

London Buses, Transport for London

Location:

6 in Central London, 100 in Ealing to Kingston, 40 in Sutton

Size:

11W panels

Completion Date:

2003

Client:

Transport for London

Drivers for inclusion

Ambition to light bus stop route signs and timetables (to address the
Disability Discrimination Act and an aspiration to improve access to
printed material). It is also expensive and difficult to bring mains
electricity into bus stop posts so PV is an obvious alternative.

Cost:

£1,500 per system. If ordered in bulk and rolled out across the city, this
cost could drop to under £1000.

Value/source of any
grant funding:

None

TECHNICAL
Technology used:

755 x 460mm Monocrystalline photovoltaic panels

Manufacturer:

Carmaneh Technologies, Victoria, Canada

Capacity:

11W per bus stop

Capacity as % of total
site energy demand:

100%. Each panel is managed by a specially designed tool that optimises
and protects the power in the batteries. Most power is provided in peak
times (dusk and dawn) with less power provided through the night when
bus stops are less busy. If very little power was generated during the day,
the route illumination will be switched off and only the blue button (see
image) will be lit up.

Description of system:

The PVs are set into a horizontal arc at the top of the bus stop post to
maximise solar access (bus stops cannot be moved from current positions)
and to shed water and grime. Tree lime and traffic dirt can build up on
street side PVs and degrade their performance. Energy efficient Light
Emitting Diode (LED) lights are embedded in the underside of the solar
canopy to illuminate the bus number sign. A light guide (with LEDs again)
is used to illuminate the timetable, this can be switched on via an
illuminated blue button at street level.
Bus stops signs have never been lit in the UK before.
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Technical problems
faced/resolved:

Transport for London worked in partnership with a number of
organisations (including SolaGen, solarcentury, South Bank University,
SepCo and Carmaneh) to develop the final product. A number of different
types of panel and lighting options were suggested before Carmaneh
developed the final product.
Reports from bus drivers about the illuminated bus stops have
been very positive.

PLANNING
Planning problems
faced/resolved:

No planning issues have been encountered. LB of Sutton was involved in
the first phase. The level of light provided by the bus stops is very low
(17 Lux) compared to advertising panels (280 Lux).

Mono crystalline Solar Panel Canopy
with ‘bright-up’ on demand push button
in operation © Transport for London
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Monocrystalline Solar Panel Canopy with
permanent timetable illumination
© Transport for London
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3.5.13 PHOTOVOLTAICS CASE STUDY - THE HAMPTONS
Application of photovoltaics to supply a community building on an upmarket housing development
GENERAL
Name:

The Hamptons

Location:

Green Lane, Worcester Park

Planning Authority:

London Borough of Sutton

Size:

62 acres, including 30 acres of parkland. Consent for 480 apartments and
4-6 bedroom houses. Phase 1 comprises 157 dwellings.
Photovoltaics supply a community building (including business suite, bar
and gym) constructed concurrently with phase 1, but procured separately.

Completion Date:

Spring 2005

Client/Developer:

St James Homes Ltd.

Drivers for inclusion:

Included as part of St James’ sustainability strategy to trial the use of
renewables. Photovoltaics were installed on the community centre
because all members of the community would benefit.

PV cost:

£160,000

Value/source of any
grant funding:

£64,000 funding from the DTI photovoltaic demonstration programme

TECHNICAL
Technology used:

Atlantis monocrystalline ‘Sunslates’

Capacity:

15.13kWp

Capacity as % of total
site energy demand:

Unknown

Technical problems
faced/resolved:

None

PLANNING
Planning problems
faced/resolved:

None

FURTHER INFORMATION
www.thehamptonssurrey.co.uk
www.gnn.gov.uk/gnn/national.nsf/TI/618697461A39C82E80256D410036B074?opendocument
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OTHER EXAMPLES
• Priors Estate, London. Peabody Trust residential estate refurbishment
(See www.solarcentury.co.uk/uploaddocs/
Peabody%20Trust%20Case%20Study.pdf)
• Broughton Leys, Milton Keys. Bloor Homes new housing development
(See www.solarcentury.co.uk/uploaddocs/CaseStudy47Bloor%20Homes.pdf)
• Proposed Richmond Fire Station, London
(See www.london-fire.gov.uk/news/detail.asp?id=616)
• Ford Centre for Engineering and Manufacturing Excellence, Dagenham
• Transport for London bus shelters - 6 in London
• Vauxhall Cross, Transport for London, (see www.solarcentury.co.uk)
• North Nine, (N9) Laing Homes. (See ‘London Renewables Training
Module 4: case studies’ for details.)
3.6 RENEWABLE ENERGY TECHNOLOGY - SOLAR WATER HEATING
3.6.1 DESCRIPTION
Solar water heating systems use the energy from the sun to heat water,
most commonly in the UK for hot water needs. The systems use a heat
collector, generally mounted on the roof in which a fluid is heated by the
sun. This fluid is used to heat up water that is stored in either a separate
hot water cylinder or a twin coil hot water cylinder inside the building.
The systems work very successfully in all parts of the UK, as they can
work in diffuse light conditions.
There are two types of collectors used for solar water heating applications
- flat plate collectors and evacuated tube collectors. The flat plate
collector is the predominant type used in domestic systems as they tend
to be cheaper. Evacuated tube collectors are generally more expensive
due to a more complex manufacturing process (to achieve the vacuum)
but manufacturers generally claim better winter performance.

© Themba Technology
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3.6.2 WHERE CAN SOLAR WATER HEATING SYSTEMS BE USED?
Ideally the collectors should be mounted on a south-facing roof, although
south-east/south-west will also function successfully, at an elevation of
between 10 and 60°. The panels can be bolted onto the roof or
integrated into the roof with lead flashings. They look similar to rooflights. Solar water heating systems are suitable for any building type that
has sufficient year round hot water needs (ideally during the day) and a
suitable south-facing roof of sufficient size. This technology is
particularly suitable for low-density housing developments. Retail units or
offices with canteens and washrooms and/or showers may also have a
suitable demand for hot water.
Where possible, solar water heating systems should be placed on roof
areas not visible to the road or sight line of other buildings. Some
systems can be integrated flush to the roof. The systems are no more
intrusive than a roof light (window in the roof) when roof integrated.
3.6.3 COST RANGES
Domestic installation
Costs are in the range £2,500 to £4,000 for a fully installed individual flat
plate standard household system (4m2)30. Discounts, starting at 10%, are
likely to be available for bulk purchases. These will need to be negotiated
with suppliers and will depend on the size of the order.
Costs are in the range £2,850 to £3,500 for a fully installed individual
evacuated tube standard household system (4m2). Discounts, starting at
10%, are likely to be available for bulk purchases. These will need to be
negotiated with suppliers and will depend on the size of the order.
Commercial systems
There can be a large variation in the costs of installation labour, pipework, fittings etc for commercial systems that depend on site-specific
issues. Probably the most important issues are the relative locations of
the solar collectors and the hot water storage (obviously the closer
together they are the shorter the pipe-runs), the degree of complication
in running the pipe-runs from the collectors to the hot water storage (i.e.
is there an obvious route for the pipes) and the ease (and costs) of
establishing safe working access on the roof area where the collectors are
to be mounted. The interface between the solar suppliers/installers and
the main contractor can also be a significant factor in determining cost
(where the main contractors can add a significant fee for their role in coordinating works).
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Large system costs (for installed systems) based on flat plate solar
collectors start at around £700 per square metre but can be higher due to
factors such as those listed above.31
See section 4.6 for details on available grants.
3.6.4 OUTPUT RANGES
Domestic systems
A 4m2 collection area will provide between 50% and 70% of a typical
home’s hot water requirements depending on the quantity of hot water
required and the timing of that requirement. The percentage can be
increased if:
• Hot water is drawn off during the day, allowing more water to be
heated up in the afternoon
• Low flow showers and spray taps are fitted so that less hot water
is required
• Showers are taken instead of baths.
The system is particularly beneficial for dwellings where residents are at
home using hot water during the day, for example, young families or the
elderly. Savings from solar water heating are difficult to predict and will in
practice depend on how much water the occupants use and at what times
they use it.
The Energy Efficiency Commitment Scheme bases savings from solar
water heating on an average figure of 454kWh/year saving per m2 of flat
plate collector or 582kWh/yr per m2 for an evacuated tube system.
Assuming a 4m2 system this would provide a saving in energy use of
1,816kWh/year and 2,328kWh/year respectively for the two systems, 34
to 44% of an average modern house space and water heating demand.
Commercial systems
The same Energy Efficiency Commitment Scheme base savings can be
applied for commercial systems; an average figure of 454kWh/year saving
per m2 of flat plate collector.
3.6.5 TECHNICAL FEASIBILITY ISSUES
• Systems should be in locations that will be unshaded at all times of
day if possible. Gable roofs, chimneys, trees and other buildings in the
vicinity should be identified as potentially shading the modules. They
may cause the performance of the system to drop in the early morning
or late afternoon.
• The optimum elevation and angle for a solar water heating system will
depend on when the hot water is required - for example, midday or
early evening.
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• There needs to be space for a preheat cylinder in or close to the
roof space.
• The potential for vandalism should be assessed if the system can be
seen from the ground or if it is accessible due to raised pavements or
other buildings. Sometimes it is necessary to cover panels with heavy
duty perspex to protect them from flying objects.
• Solar water heating systems are most commonly fitted with standard
boilers, rather than combination boilers due to the requirement for a
hot water tank. However, there are a number of manufacturers that
make combination boilers specifically designed to take preheated
water from solar water systems.
3.6.6 MAINTENANCE REQUIREMENTS
Solar water heating is a comparatively simple system and so could be
installed by any suitably trained plumber but it is recommended to use
approved installers such as those registered for the Clear Skies funding
scheme (see Links to existing suppliers lists) or the Solar for London and
sunrise schemes.
The occupiers of the building with a solar thermal system should plan to
undertake an annual maintenance check, ensuring that the collector
surface is clean, there is no corrosion, sensors and fixings are properly in
place etc.
3.6.7 ADDITIONAL BENEFITS OF TECHNOLOGY
Savings in fuel bills for an average family of 2 adults and 2 children using
a standard 4m2 household system could be:
• Where the solar water heating is supporting a gas heating system,
based on a cost of 1.5p/kWh for gas, approximately £27.24 (flat
plate) or £34.92 (evacuated tube) per year.
• Where the solar water heating is supporting an electric heating
system, based on a cost of 6.38p/kWh for electricity, the cost saving
would be approximately £115.86 (flat plate) or £148.53 (evacuated
tube) per year.
3.6.8 PLANNING AND LEGISLATIVE ISSUES
The planning authority will assess what visual impact, if any, solar water
heating systems would have on the local amenity. Systems can be
designed so visual impact is minimised. For example, some systems can
be integrated flush to the roof and when this occurs they are no more
intrusive than a roof light (window in the roof). This is most cost effective
when the system is part of a new build development rather than when
being retrofitted on an existing building.
LONDON RENEWABLES
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For new developments, which must apply for planning permission
anyway, the planning authority’s assessment will normally be part of the
larger assessment of the whole development proposal.
Some solar water heating systems have been granted permission in
conservation areas as they can be very discreet, looking similar to roof
lights. An example is an English Heritage case study of a solar thermal
system integrated into the roof of a development consisting of a threestorey office building, 2 houses and 3 flats in a conservation area;
www.english-heritage.org.uk/filestore/policy/pdf/context_p6-19.pdf.
Retrofit
While this document focuses on the new build sector, planning
permission for retrofit has been covered here as it is being interpreted
differently in different areas. For retrofitting onto existing buildings, it is
permissible to make certain types of minor alterations to properties
without having to apply for planning permission. These are called
permitted development rights. If the property is located in a Conservation
Area, however, planning permission may be required for these types of
work that are regarded as Permitted Development in other areas. This is
because the council may have removed some of the Permitted
Development Rights by issuing an Article 4 Direction. Article 4 Directions
are made when the character of an area of acknowledged importance
would be threatened if inappropriate alterations were made. This means
that you are required to submit a planning application for work that
normally does not require permission.
The London Plan states that ‘energy efficient measures and renewable
energy technology should not be precluded in areas of heritage, but
should be designed sensitively’ (paragraph 4.18). Planners will need to
consider what aspect of an area or a building is being conserved, as well
as whether the panel can be seen from outside the site. Particular
opportunities on roofs in sensitive areas are likely to be rear slopes or
centre valleys, where they would not disrupt the overall architectural
interest of the building. English Heritage have advised that each case
would need to be judged on its own merits. There are likely to be
locations within most conservation areas where careful siting would not
damage character.
3.6.9 LINKS TO EXISTING SUPPLIER, INSTALLER AND PRODUCT LISTS
The DTI Clear Skies grant scheme has a list of registered installers and
products that must be used by those applying to the programme. To
become registered, detailed application forms must be filled out giving
details of relevant and appropriate experience www.clear-skies.org.
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The Solar Trade Association has a list of members on its website
www.greenenergy.org.uk/sta/listofmembers/index.htm. Members must
agree to abide by a code of conduct.
3.6.10 LINKS TO SOURCES OF MORE DETAILED TECHNICAL INFORMATION
• Companion Guide to PPS 22: The technical annexes, available at
www.odpm.gov.uk/planning.
• Solar Trade Association, The National Energy Centre, Davy Avenue,
Knowlhill, Milton Keynes, MK5 8NG, T: 01908 442290,
F: 0870 0529194, E:enquiries@solartradeassociation.org.uk
W: www.solartradeassociation.org.uk.
• Solar for London,Sustainable Energy Action Ltd, 42 Braganza Street,
London SE17 3RJ, T: 0207 820 3156 (Solar for London Hotline),
F: 0207 582 4888, E: info@solarforlondon.org,
W: www.solarforlondon.org.
• sunrise, Creative Environmental Networks, 8th Floor, Ambassador
House, Brigstock Road, Thornton Heath, Surrey, CR7 7JG,
T: 020 8683 6683, F: 020 8683 6601,
E: info@greenenergycentre.org.uk , W: www.cen.org.uk.
3.6.11 FAQS
How do you connect solar water heating in a block of flats and who gets
the benefit?
In a small block of flats, each flat can have its own individual system of
solar panels and hot water storage cylinder and pipework. Where a
communal solar hot water system is envisaged, this can feed into a
communal heating system giving benefit to all tenants via reduced overall
heating costs. Alternatively, a standalone communal solar hot water
system can supply hot water to tenants individually via a heat meter, so
that their consumption can be monitored and they can be charged
individually, at an appropriate rate.
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3.6.12 SOLAR WATER HEATING CASE STUDY - THE CROWNDALE BUILDING
Council building served by solar water heating
GENERAL
Name:

Crowndale Building

Location:

Mornington Crescent, London

Planning Authority:

London Borough of Camden

Size:

The Crowndale Centre building comprises office accommodation for
around 400 staff, a public library and a health centre.
The solar water system serves the washrooms in the office
accommodation, library and health centre.

Completion Date:

Spring 2003

Client/Developer:

London Borough of Camden

Drivers for inclusion:

In accordance with Camden’s policies to save energy and reduce emissions
- way of demonstrating commitment.

Cost:

£29,000 fully designed and installed cost

Value/source of any
grant funding:

None

TECHNICAL
Technology used:

Viessmann Vitosol system evacuated tube panels. The components include
a Solar divicon pump station, by pass pump unit, a Viessmann Solatrol
controller and two 750lt storage cylinders.

Capacity:

6 panels each containing about 40 tubes, total area 16m2, expected to
save 9,312kWh/yr.

Capacity as % of total
site energy demand:

Unknown, analysis of energy use for the last two years is just being
carried out to find out total energy saved through using the solar panels.

Description of system:

The system comprises 4 vertical panels and 2 horizontal panels on a flat
roof. Water from a roof top storage tank is circulated through the solar array
into heat exchange system where it is further heated (if required) before
piping to the washrooms. During the summer (May to September) the
heating boilers are shut down and large immersion heaters heat the water.
During hot days in the summer, the immersion heaters are not used at all.

Technical problems
faced/resolved:

No technical problems. A visual inspection of the panels and pipework is
periodically undertaken to check everything is intact.

PLANNING
Planning problems
faced/resolved:
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There were no planning issues as the system was placed within the
building line and not within any other building sight lines.
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3.6.13 SOLAR WATER HEATING CASE STUDY - GALLIONS ECOPARK
Housing association development of 39 properties using solar water
heaters (as part of a range of environmental features)
GENERAL
Name:

Gallions Ecopark

Location:

Thamesmead

Planning Authority:

London Borough of Greenwich

Size:

39 two to four bedroom homes

Completion Date:

November 2002

Client/Developer:

Gallions Housing Association

Main Contractor:

Willmott Dixon

Drivers for inclusion:

Gallions Housing Association’s desire to demonstrate that sustainable
housing can be provided without increased effort or cost.

Value/source of any
grant funding:

None

TECHNICAL
Technology used:

Aquasol Duo

Capacity:

900 - 1,300kWh per annum, per unit

Capacity as % of total
site energy demand:

65% of average household hot water needs over a year predicted

Description of system type:

Dual coil, drain back type system

Cost (Budget):

No specific budget was set for solar thermal systems. Various
renewable systems were considered, and were judged on a case-bycase basis within the context of the total project costs.
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Cost (Actual):

£2,479 per house

Technical problems
faced/resolved:

No problems have been experienced with the operation of solar hot
water systems.
One or two installation problems arose due to the lack of subcontractor experience, but were fairly straightforward to rectify.

PLANNING
Planning problems
faced/resolved:

None

FURTHER INFORMATION
www.gallionsecopark.co.uk

© Gallions Housing Association

OTHER EXAMPLES
• Fishing Village, Chatham, Kent. Residential Development. (See
www.est.org.uk/bestpractice/publications/detail.jsp?pk=459.)
• Council’s municipal offices in Chingford, London Borough of Waltham
Forest. (See www.practicalhelp.org.uk/briefings/
sub.cfm?main_id=10&sub_id=33.)
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3.7 RENEWABLE ENERGY TECHNOLOGY - BIOMASS HEATING
3.7.1 DESCRIPTION
Biomass can be burnt directly to provide heat in buildings. Wood from
forests, urban tree pruning, farmed coppices or farm and factory waste, is
the most common fuel and nowadays is used commercially in the form of
wood chips or pellets, although traditional logs are also used.
There are two methods of using biomass heating in housing, single room
heaters or stoves, and boilers, with biomass replacing gas or oil. Both
systems can be designed to burn smokelessly to comply with the Clean
Air Acts. Boilers can be fed automatically by screw drives from fuel
hoppers. This typically involves daily addition of bagged fuel to the
hopper. Electric firing and automatic de-ashing are also available.
For non-domestic applications, biomass boilers replace conventional fossil
fuel boilers and come with the automated features mentioned above.
Fuels other than wood, such as straw can also be used.
Biomass is normally considered a carbon neutral fuel, as the carbon
dioxide emitted on burning has been (relatively) recently absorbed from
the atmosphere by photosynthesis and no fossil fuel is involved. The
wood is seen as a by-product of other industries and the small quantity
of energy for drying, sawing, pelleting and delivery are discounted.
Biomass from coppicing is likely to have some external energy inputs, for
fertiliser, cutting, drying etc. and these may need to be considered in the
future. In this toolkit, all biomass fuels are considered to have zero net
carbon emissions.
3.7.2 WHERE CAN BIOMASS HEATING BE USED?
Biomass heating is theoretically applicable to any building requiring heat,
however practical constraints suggest that it is currently most applicable
to lower density situations due to fuel supply and storage issues. The
most common application of biomass is as one or more boilers in a
sequenced (multi-boiler) installation where there is a communal i.e. block
or district heating system. The Greater London Authority is currently
carrying out a strategic analysis of where community heating is likely to
be most feasible in London due to the existing heat demand. (See section
3.2.3 under community heating for details.) There must be a local and
adequate supply of appropriate biomass fuel (normally wood chips or
pellets) and room for delivery and storage. For individual houses, room
stoves or central heating boilers are available but with the same
constraints relating to fuel supply.
Biomass boilers replace conventional boilers and have no aesthetic impact.
LONDON RENEWABLES
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3.7.3 COST RANGES
The additional capital costs of biomass boiler systems, including fuel
storage and automatic feeding, range from around £2,000 for a single
house, to £30,000 to supply 33% of the heating for a standard office of
3,000m2. Biomass fuels, unlike other renewable fuel sources, will have to
be bought unless they are obtained as waste material from another
organisation. Prices vary depending on the type and distance for delivery
and may be similar to other solid fuels.
See section 4.6 for details on available grants.
3.7.4 OUTPUT RANGES
Biomass boilers are available in most size ranges, from individual houses
to commercial installations.
3.7.5 TECHNICAL FEASIBILITY ISSUES OR CONSTRAINTS
Issues to be considered with biomass heating are fuel availability, delivery
and storage, and the need to commission the boilers and service them at
regular intervals. For these reasons, biomass heating can be more
applicable to lower density areas in London. However, these issues can be
overcome by considering biomass as a fuel option early in the design
process so that storage/delivery facilities can be factored in. There is also
considerable waste wood arising from forestry operations in and around
London32 that could potentially be used. See section 3.7.9 for details of
fuel suppliers. River transport of fuel could be considered to prevent
increased road deliveries to a site.
Arrangements for ash disposal and de-coking must be made. For
individual domestic use of biomass boilers, and even more so room
stoves, the house occupants need to be willing and capable of managing
fuel supply, ash removal and disposal. Domestic biomass boilers require
considerably more space than a conventional boiler and cannot normally
be located in a standard modern kitchen.
3.7.6 MAINTENANCE REQUIREMENTS
Biomass boilers require more frequent cleaning than gas or oil boilers and
they must be capable of being taken out of service for cooling and
cleaning while maintaining the building heating supply, particularly in
communal and non-domestic heating systems.
3.7.7 ADDITIONAL BENEFITS OF TECHNOLOGY
It is unlikely that any cost savings will arise from the use of biomass
boilers as the fuel is likely to be comparable in cost to other fuels, if not
more expensive.
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3.7.8 PLANNING AND LEGISLATIVE ISSUES
The combustion gases will require an external flue usually terminating
above the ridge line of the building. This part of the system will be visible
and should be designed to be as unobtrusive as possible. Planning
permission may be required.
3.7.9 LINKS TO EXISTING SUPPLIER, INSTALLER AND PRODUCT LISTS
• Installers list for wood fuelled boilers. www.clear-skies.org/
households/results/2004050511400790616299.PDF
• Installers list for pellet stoves. www.clear-skies.org/
households/results/2004050511403921816301.PDF
• Product list for wood fuelled boilers. www.clear-skies.org/installers/
RecognisedProducts.aspx?intTechnologyID=45
• Product list for pellet stoves. www.clear-skies.org/installers/
RecognisedProducts.aspx?intTechnologyID=46
• Wood fuel suppliers www.greenenergy.org.uk/logpile/
• British Biogen have a list of suppliers on their web site
www.britishbiogen.co.uk/aboutbb/members/members.htm
South East Wood Fuels Ltd (SEWF) has been set up (by Bioregional,
www.bioregional.com, 020 8404 4880) to coordinate the supply of wood
fuel across the South East. It involves landowners, foresters, land
managers, woodland contractors, sawmill operators, the Forestry
Commission, wood heating users and waste wood managers. It is based
on the successful model of South West Wood Fuels Ltd (SWWF)
(www.swwf.info) which is a members’ co-operative operating throughout
the South West region. SWWF currently has more than 100 members, an
increasing number of whom are providing fuel to clients. It will be
seeking capital grant support for these and other support services.
3.7.10 LINKS TO SOURCES OF MORE DETAILED TECHNICAL INFORMATION
• Companion Guide to PPS 22: The technical annexes, available at
www.odpm.gov.uk/planning.
• The Official Guide to Approved Solid Fuel Products and Services
2003/2004. HETAS Ltd. www.hetas.co.uk/.
• The British BioGen Code of Practice for Biofuel Pellet Burning
Roomheaters <15kW. British Biogen 2001, available at
www.britishbiogen.co.uk.
This site also contains other useful information.
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3.7.11

BIOMASS HEATING CASE STUDY - KINGSMEAD PRIMARY SCHOOL
New primary school as part of a new housing development with a
biomass boiler using woodchip from local supplier.

GENERAL
Name:

Kingsmead Primary School

Location:

Northwich, Cheshire (part of a new housing development)

Planning authority:

Cheshire County Council

Size:

150 place primary school

Completion Date:

July 2004

Client/Developer:

Cheshire County Council

Main Contractor:

Willmott Dixon

Drivers for inclusion:

Council aim to produce an exemplar of sustainable construction.

Cost:

Typically £30-35k for the type of boiler specified for purchase and
installation.

Value/source of any grant
funding for biomass:

The project received an undisclosed subsidy provided by North West
Development Agency for a range of the environmental features.

TECHNICAL
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Technology used:

Talbott’s C1 Biomass Boiler

Capacity:

50kW

Capacity as % of
total site energy demand:

The system is expected to provide around 60% of the heat demand of the
school

Description of system:

Technology: The system is fully integrated with the comprehensive
Building Management System which co-ordinates the energy sources from
the biomass boiler and the solar heating panels.
The boiler is capable of modulating between 25-100% capacity.
It is capable of tolerating any biomass fuel, but this system is configured to
burn processed wood pellets. There is also a 10m3 pellet storage bunker
Supply: Wood pellets are sourced locally through a supply contract with a
local joint venture of 2 private companies.
Expected demand is 35 tonnes p/a. This will initially be delivered
monthly, with deliveries expected to reduce to 3-4 deliveries a year.

Technical problems
faced/resolved:

None

Other renewable
technologies used

Solar water heating
Photovoltaics
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PLANNING
Planning problems
faced/resolved:

None

FURTHER INFORMATION
www.kingsmead-school.co.uk, www.talbotts.co.uk

© Cheshire County Council
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3.7.12 BIOMASS HEATING CASE STUDY - HARBOUR VIEW HOUSING
DEVELOPMENT
Housing association flats heated by biomass boiler, using willow as a fuel.
GENERAL
Name:

Harbour View, Campbell Town

Location:

Argyle & Bute

Size:

14 flats

Completion Date:

June 2004

Client/Developer:

Fyne Homes Housing Association

Drivers for inclusion:

The surrounding forests have substantial residual material available that
can be used as fuel. This also gives the wood value and supports the
local economy. A gas supply is available but this is a fossil fuel that has to
be pumped large distances, and local biomass was considered more
sustainable.

Cost:

Typically £35-40k for the type of boiler specified for purchase and
installation. (This excludes the cost of the boiler house, backup boiler and
associated infrastructure).

Value/source of any
grant funding:

£70k Scottish Community Renewables Initiative grant towards the boiler,
infrastructure (including boiler house) and backup gas boiler.

TECHNICAL
Technology used:

Talbott’s C2 Biomass Boiler

Capacity:

100kW

Capacity as % of total
site energy demand:

100% heat demand

Description of system:

Technology: Fully automated biomass boiler using chipped wood fed by
screw auger from hopper. Modulates between 25-100% capacity.
Supply: Material from the surrounding forests is supplied as wood chips
from a local wood mill (4 miles from site).

Technical problems
faced/resolved:

The woodchips for this boiler are a new product for the wood mill, so
there have been some initial issues getting quality and moisture content
of the woodchips right. This is not seen as a significant issue.

PLANNING
Planning problems
faced/resolved:

None

FURTHER INFORMATION
www.talbotts.co.uk
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© Fyne Homes

OTHER EXAMPLES
• Beaufort Court, Herts. Innovative zero-emissions head office.(See
http://res.esbensen.dk/rec & www.caddetee.org/infostore/display.php?id=18814.)
• Paddock House Farm, North Yorkshire. Rural Office and Housing
Development. (See www.supergen-bioenergy.net/
docs/10%20Talbotts%20-%20ET2004.pdf.)
• Shortenills Environmental Education Trust.
(See www.see-stats.org/project-tv-shortenills.htm.)
• Wycombe Environment Centre.
(See www.see-stats.org/project-tv-wycombe.htm.)
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3.8 RENEWABLE ENERGY TECHNOLOGY - BIOMASS COMBINED HEAT
AND POWER
3.8.1 DESCRIPTION
Combined heat and power generation (CHP) is an important technology
for efficient fuel use and can use biomass as the fuel, however there are
currently few examples. The system produces electricity that can be used
in building or exported to the grid, and heat for space, water and even
process heating. Systems must be ‘heat lead’ for high efficiency, which
best suits applications to situations where there is a significant demand for
heat for long periods of time, such as hospitals, hotels and leisure centres.
Excess summer heat can be used for cooling via absorption chillers.
For building applications in London, the best system for using biomass
for CHP is thought to be gasification, whereby the biomass is converted
into a gaseous fuel that is used in an internal combustion engine driving
an electric generator. Wood biomass can be converted to gas with a
‘gasification’ system but subsequent cleaning of the gas is required
before it can be reliably used in the engine. This process is likely to
require a flue to the height of a conventional chimney. There is one
example of this type of system at BedZED.
Traditionally, biomass can been burnt as in a traditional power station to
generate electricity by the steam cycle but such plants are normally too
large for most developments in London. Other biomass CHP systems are
based on gas from biomass digesters and landfill gas, and the use of
biodiesel and ethylene. None of these are currently seen as viable for
developments in London although the technology is developing and
there are plans for a biogas digester pilot plant in Southwark.
Where biomass CHP applications are possible, the biomass fuel used is
considered as carbon neutral, i.e. responsible for zero carbon emissions.
3.8.2 WHERE CAN BIOMASS CHP BE USED?
Biomass CHP is theoretically suitable in any situation where conventional
CHP is viable, i.e. those buildings where there is a high demand for heat
for most of the year - hotels, hospitals, leisure centres and some
industrial premises. CHP can be successfully used in residential and office
developments if the heat can be shared with adjacent buildings with high
heat or cooling requirements.
The Greater London Authority is currently carrying out a strategic analysis
of where community heating is likely to be most feasible in London due
to the existing heat demand. (See section 3.2.3 under community heating
for details.)
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3.8.3 COST RANGES
The costing of biomass CHP is at present very difficult due to lack of
reliable commercial products and installations in the UK. Specific
quotations are required as technologies become available. The biomass fuel
is likely to be an equivalent price to conventional fossil fuels, if not more
expensive. This may change over time as fossil fuels get more expensive
and as the market for biomass develops. Suppliers should be contacted for
up to date costs. See section 4.6 for details on available grants.
3.8.4 OUTPUT RANGES
There are no inherent limitations on the range sizes of biomass CHP,
though at present the systems available are only for large communal
systems. Individual house microCHP systems based on fuel cells using
hydrogen may be available in 5-10 years’ time.
3.8.5 TECHNICAL FEASIBILITY ISSUES OR CONSTRAINTS
See section 3.7.5 for details of general issues relating to biomass. In
addition, for CHP, there are currently many technical constraints on the use
of gasification biomass CHP. No reliable systems are available at present
though prototype systems are being used and tested. See case study.
3.8.6 MAINTENANCE REQUIREMENTS
Maintenance requirements are currently unknown but likely to be high
due to the technical complexity of the machinery involved.
3.8.7 ADDITIONAL BENEFITS OF TECHNOLOGY
CHP has the advantage of being able to supply power in the event of
failure of the grid supply. Also CHP can be used with ‘private wire’
systems in certain circumstances with consequential cost benefits.
3.8.8 PLANNING AND LEGISLATIVE ISSUES
CHP systems can be housed in separate buildings or within the building it
is to serve and therefore are not visible. However, the combustion gases
will require an external flue usually terminating above the ridge-line of the
building. This part of the system will be visible and should be designed to
be as unobtrusive as possible. Planning permission may be required.
There are regulations relating to connection to the grid See section 3.5.5
for more details.
3.8.9 LINKS TO EXISTING SUPPLIER, INSTALLER AND PRODUCT LISTS
Combined Heat and Power Association, Grosvenor Gardens House,
35/37 Grosvenor Gardens, London SW1W 0BS, T: 020 7828 4077,
F: 020 7828 0310, E: info@chpa.co.uk W: www.chpa.co.uk/direct.htm
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3.8.10 LINKS TO SOURCES OF MORE DETAILED TECHNICAL INFORMATION
• Companion Guide to PPS 22: The technical annexes, available at
www.odpm.gov.uk/planning.
• Beddington Zero (Fossil) Energy Development, Toolkit for Carbon
Neutral Developments - Part II by Nicole Lazarus, Bioregional
Development Group, www.bioregional.com.
• CHPA, www.chpa.co.uk/biomembrief.html.
• British Biogen, www.britishbiogen.co.uk/bioenergy/chp/chp.htm.
3.8.11 BIOMASS CHP CASE STUDY - SLOUGH HEAT AND POWER
Conversion of a coal-fired power station to a biomass CHP system to
supply heat and power to the neighbouring trading estate.
GENERAL
Name:

Slough Heat & Power Ltd (a subsidiary of Slough Estates International)

Location:

Slough, Berkshire

Planning Authority:

Slough Borough Council

Completion Date:

2001

Client/Developer:

Slough Heat & Power Ltd

Drivers for inclusion:

The Government’s introduction of the Renewables Obligation on the
electricity supply industry - SHP’s pioneering multi-fuelled plant was well
placed for early action in the development of renewable power in the UK

Cost:

Undisclosed

Value/source of any
grant funding:

None

TECHNICAL
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Technology used:

Two Fluidised Bed Boilers and one 35MW pass-out steam turbine for
Combined Heat and Power (CHP)

Capacity:

Electricity: 155,000MWh per annum

Heat:

155,000MWh per annum

Capacity as % of
total site energy demand:

100%
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Description of system:

Technical problems
faced/resolved:

Technology: Biomass boilers are used to provide steam for use by a
steam turbine, with passout steam for customers on the Slough Trading
Estate.
Biomass Supply: Virgin wood and recycled wood chips and a small
proportion of refuse derived fuel (RDF) briquettes and pellets.
The system uses approximately 300,000 tonnes of material p/a, delivered
daily from a wide supply network.
Electricity and Heat Distribution: The power station has its own
electricity, steam, and hot water distribution networks
Fuel handling systems were upgraded for wood chips

PLANNING
Planning problems
faced/resolved:

None, as this was a conversion of an existing coal-fired power station

FURTHER INFORMATION
www.see-stats.org/project-tv-shp.htm

© Slough Heat and Power Ltd.
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3.8.12 BIOMASS CHP CASE STUDY - BEDZED
A low energy residential and work/live development including biomass
CHP, with fuel supplied from local council green waste.
GENERAL
Name:

BedZED, Woodchip CHP system

Location:

Hackbridge, Sutton

Planning Authority:

London Borough of Sutton

Size:

82 homes (and 2,500m2 of commercial or live/work space)

Completion Date:

Development completed 2002. CHP system undergoing commissioning

Client/Developer:

Peabody Trust

Drivers for inclusion:

To build a zero CO2 emission development.

Cost:

£240,000 for design, manufacture, supply and installation of CHP system.

Value/source of any
grant funding:

Unknown

TECHNICAL
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Technology used:

Exus Energy, wood fuelled fully automated gasification and internal
combustion CHP system

Capacity:

726MWh electricity and 1,452MWh of heat

Capacity as % of total
site energy demand:

System sized to provided 100% heat and electricity demand.

Description of system:

Technology: Turnkey package provided by Exus Energy. Woodchips are
fed automatically into drier and gasifier. The gas is cleaned and fed into a
spark ignition engine. The engine shaft is coupled to a generator and
exhaust heat is passed through heat exchangers to provide hot water.
Biomass Supply: Biomass is obtained from tree surgery waste produced
by the local council, and other suitable green waste collected by the
Council (that would otherwise be landfilled or burnt).
A wood-chipper and store will be located on a Council site and run by
Bioregional. This will have capacity for 6,000 tonnes p/a about 1000
tonnes of which will be used by BedZED (20 tonnes/week which is
expected to be one lorry load per week). Excess material will be sold.

Technical problems
faced/resolved:

There have been significant delays in commissioning the CHP system.
Downtime for equipment is still too frequent but continually
being reduced.
The technology is under commercialisation. Running hours have
significantly improved over the last year.
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Other renewable
technologies used

Photovoltaics.

PLANNING
Planning problems
faced/resolved:

Noise: Noise restrictions are stringent due to the proximity of homes
(37dBA at 20m). The engine is enclosed in an acoustic room. On paper it
was not possible to meet stricter restrictions required between 01.00 and
04.00 am so the system automatically switches off at these times. In
practice, noise from the system is very low and no complaints have been
received.
Emissions: The development is in a smoke control area under the Clean
Air Act. The system produces emissions similar to any other gas-fired
engine. However, because the wood gas is generated from an
‘unauthorised fuel’ an exemption is required from DEFRA. Exus Energy
commissioned a series of independent testing and the equipment met the
standard required. The Exus Energy CHP has now been exempted and as
such can be installed in any smoke control area.

FURTHER INFORMATION
www.bedzed.org.uk, www.bioregional.com, www.peabody.org.uk, www.exusenergy.co.uk

© Bioregional

FURTHER EXAMPLES
• Proposed Bracknell Town Centre Biomass
CHP and Community Heating system. (See
www.see-stats.org/project-tv-bracknell.htm.)
• Elvendon Priory, South Oxfordshire. (See
www.see-stats.org/project-tv-elvendon.htm.)
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3.9 RENEWABLE ENERGY TECHNOLOGY GROUND SOURCE HEATING
3.9.1 DESCRIPTION
Ground source heat pumps are used to extract heat from the ground to
provide space and water heating to both individual houses and any type
of non-domestic building. Heat pumps take in heat at a certain
temperature and release it at a higher temperature, using the same
process as a refrigerator. As the ground stays at a fairly constant
temperature throughout the year heat pumps can use the ground as the
source of heat. The ground temperature is not necessarily higher than
ambient air temperature in winter but it is more stable whereas air has a
vast temperature range. This makes system design more robust.
Water (or another fluid) is circulated through pipes buried in the ground
and passes through a heat exchanger in the heat pump that extracts heat
from the fluid. The heat pump then raises the temperature of the fluid via
the compression cycle to supply hot water to the building as from a
normal boiler.
Most heat pumps are electrically driven but other systems can use waste
heat or burn fossil fuel such as gas. The measure of efficiency of a heat
pump is given by the Coefficient of Performance (CoP), which is defined
as the ratio of the heat output, divided by quantity of energy put in.
CoPs of 3 or more should be achievable with ground sourced heat pump
systems, giving good energy and running cost savings.
The heat pump can replace the boiler in a single house but in larger nondomestic buildings it is likely to be one of a number of modular boilers,
depending on what proportion of the heat demand it is designed to
satisfy. The optimal use of the heat pump system is with underfloor
heating as this is run at lower temperatures making the operation of the
heat pump more efficient. Electrically driven heat pumps should be very
reliable but require maintenance to keep to full CoPs.
The ground pipe system can be horizontal or vertical. For horizontal
systems, a coiled pipe network is buried at around two metres depth
below ground level, thus requiring a large area of open space depending
on the size of the system. For vertical systems, the pipes are placed in
holes bored straight into the ground to a depth of 15 to 150 metres
depending on ground conditions and size of system. Vertical systems
thus require very little ground space but do require access for the drilling
rig at the construction stage, though this is unlikely to be greater than
for normal construction vehicles.
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Whilst a ground source heat pump is clearly not a wholly renewable
energy source as it uses electricity, the renewable component is
considered as the heat extracted from the ground, measured as the
difference between heat output, less the primary electrical energy input.
It may be possible to combine the use of ground sources for both heating
and cooling, using the same mechanical equipment.
3.9.2 WHERE CAN GROUND SOURCE HEAT PUMPS BE USED?
Ground source heat pump systems can be used in individual houses,
blocks of flats with communal heating and almost any size of nondomestic building. A particular use is where natural gas is not available
making the ground source heat pump more economic. Ground source
heat pumps cannot be seen from the outside of the building, so aesthetic
design is not an issue.
3.9.3 COST RANGES
The main additional cost in a ground sourced heat pump system is the
installation of the pipes in the ground, which depends on the ground
conditions and length or depth needed to be installed. The additional
cost for an individual house is around £2,500 and to supply 50% of the
heating demand of a 3,000m2 office building, it could be around
£50,000. Developers should contact individual suppliers for up to date
prices, and investigate the possibility of bulk discounts.
See section 4.6 for details of available grants.
3.9.4 OUTPUT RANGES
In houses, ground source heat pumps are likely to supply most of the
heating and hot water demand but may only provide a proportion in
larger buildings due to ground pipe lengths required.
3.9.5 TECHNICAL FEASIBILITY
Technical feasibility will depend on access for the ground pipe system,
either an area for a horizontal system or access to drill for vertical pipes.
For a large individual house, a horizontal pipe system would require a
garden area of up to 100 square metres. Ground conditions will also
affect ease of construction and performance of the system. Areas of solid
rock will be more expensive to drill through. A detailed ground survey will
be needed to determine the suitability of any particular site, having
regard to ground conditions as well as to underground obstructions such
as sewers and tunnels.
Different temperature conditions will be suitable for different types of
heating, for example underfloor heating, medium temperature radiators
and hot water heating.
LONDON RENEWABLES

73

Integrating energy into new developments: Toolkit for planners, developers and consultants

3.9.6 MAINTENANCE REQUIREMENTS
No maintenance is required for the ground pipes, and the heat pump
requires standard mechanical equipment maintenance to maintain the CoP.
3.9.7 ADDITIONAL BENEFITS OF TECHNOLOGY
Fuel cost savings are achievable depending on the CoP and the relative
fuel costs of electricity against the base heat fuel. With a CoP of 4, the
cost savings to the user would be in the range of 25 - 70% depending on
the comparative system.
3.9.8 PLANNING AND LEGISLATIVE ISSUES
Ground sourced heat pump systems cannot be seen from the outside of
the building so they should not be an issue for planners when looking at
the aesthetics of a potential development. A license may be required to
drill vertical systems in most locations.
3.9.9 LINKS TO EXISTING SUPPLIER, INSTALLER AND PRODUCT LISTS
• Heat Pump Association (HPA), www.feta.co.uk.
• Installers list for ground source heat pumps, www.clear-skies.org/
households/results/200405051139331516298.PDF
• Product list for ground source heat pumps. www.clearskies.org/installers/RecognisedProducts.aspx?intTechnologyID=43
3.9.10 SOURCES OF MORE DETAILED TECHNICAL INFORMATION.
• Heat Pump Association, Federation of Environmental Trade
Associations, 2 Waltham Court, Milley Lane, Hare Hatch, Reading,
RG10 9TH, T: 0118 940 3416, W: www.feta.co.uk/hpa/
• ‘Ground Source Heat Pumps - A Technology Review’. BSRIA Technical
Note TN 18/99, 1999.
• ‘Closed Loop Ground-Coupled Heat Pumps’. IEA Heat Pump Centre
Informative Fact Sheet 2. 2002
• ‘Heat Pumps for Buildings: Key Points’. Roger Hitchin, BRE.
November 2003
• Energy Efficiency Best Practice Programme ‘Domestic Ground Source
Heat Pumps: Design and Installation of Closed Loop Systems’, March
2004 www.est.co.uk/bestpractice.
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3.9.11 GROUND SOURCE HEATING CASE STUDY - IKEA DISTRIBUTION CENTRE
New distribution centre using one of the largest ground source heating
and cooling systems in the UK.
GENERAL
Name:

IKEA Distribution Centre

Location:

Peterborough

Planning Authority:

Peterborough City Council

Size:

130,000m2 distribution centre including approximately 3,000m2 of office
accommodation served by the ground source system.

Completion Date:

July 2003

Client/Developer:

IKEA

Main Contractor:

Shepherd Construction

Drivers for inclusion:

To reduce running costs and also as part of IKEA’s global corporate
strategy to reduce CO2 emissions.

Cost:

Undisclosed

Value/source of any
grant funding:

None

TECHNICAL
Technology used:

ETT - Catt 385D heat pump connected to an EarthEnergy borehole system.

Capacity:

198kW of heating
232kW of cooling

Capacity as % of total
site energy demand:
Description of system:

Unknown
The system is used to service the site’s office accommodation. A single
package heat pump containing 6 hermetic scroll compressors with 3
refrigerant circuits and source water circuit.
This is connected to the ground loop system, consisting of 8km of
underground pipework installed in 45 vertical boreholes drilled to 70m.
The ground loop system is located underneath the centre’s car park.

Technical problems
faced/resolved:

None

Other renewable
technologies used:

A biomass boiler is also due to be installed.

PLANNING
Planning problems
faced/resolved:
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FURTHER INFORMATION
www.earthenergy.co.uk/ee_files/case_hist_file/casehist_com_ikea.html
www.clima-gas.co.uk/pdf/casestudy6.pdf

© GeoScience Ltd

© GeoScience Ltd
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3.9.12 GROUND SOURCE HEATING CASE STUDY - ‘EARTHDOME’
London’s first domestic buildings to use ground source heating.
GENERAL
Name:

Earthdome

Location:

Stanford Road, Norbury, London

Planning Authority:

London Borough of Croydon

Size:

Two 2 bed flats and two 1 bed flats

Completion Date:

Midsummer 2004

Client/Developer:

Robert Harris

Drivers for inclusion:

Harris wanted to demonstrate the application of ground source heat
pumps as an efficient means of heating houses in London, exploiting a
renewable source of energy.

Cost:

Typically, the quote for design, supply and commissioning is £5k per
system.
Electricity consumption has been estimated at 3,910kWh electricity per
annum, which for a price of 5p/kWh gives an approximate annual cost of
around £200.

Value/source of any
grant funding:

None

TECHNICAL
Technology used:

Three IVT Greenline C4 ground source heat pumps & one IVT 490 exhaust
air heat pump.

Capacity:

4kW heat output for each system. 16kW total.

Capacity as % of total site
energy demand:

The systems have been sized to meet 100% heat demand (space and
water heating).
This is based on calculations for buildings of these sizes built to building
regulations, with an estimated heat demand of 13,800kWh.

Description of system:

All systems have:
• Modulated (i.e. variable) output
• A seasonal Coefficient of Performance (CoP) of 4 (i.e. over a year, on
average, the systems produce 4kW of heat for every 1kW required to
run them)

Technical problems
faced/resolved:

There were initial concerns that drilling into London clay may be
problematic, but this has not been the case in practice.

PLANNING
Planning problems
faced/resolved:
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FURTHER INFORMATION
Robert Harris can be contacted at bobharris@earthdomes.plus.com
Further information on the systems installed can be found at www.iceenergy.co.uk

© EarthDomes Ltd.

OTHER EXAMPLES
• The London Clinic, Devonshire Place, London
• Metropolitan Housing Trust’s 100 new build properties, Nottingham.
(See ‘London Renewables Training Module 4: case studies’ for details.)
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3.10 RENEWABLE ENERGY TECHNOLOGY - GROUND SOURCED
COOLING / BOREHOLE COOLING
3.10.1 DESCRIPTION
Space cooling for a building can be provided by circulating water cooled
directly by the ground. As the temperature of the ground remains fairly
constant and well below peak temperatures in summer, ground cooling
can be used to replace conventional electrically driven cooling in offices
and other buildings.
The cooling is extracted from the ground by either an open or a closed
system. In an open system, water is extracted from a borehole and
discharged through a heat exchanger to waste in a river or sewer
(borehole cooling). This could affect the local water table and permission
is required. In a closed system water or another fluid is circulated through
pipes buried in the ground below the water table. An alternative is air
cooling systems, in which air is passed through a network of pipes buried
at around two metre depth and used directly or via a heat exchanger to
cool the building (see section 3.11.4). Water based cooling systems
(either open or closed) are more appropriate for London.
The cool water can be used to cool ventilation air directly or can be
circulated through ceiling panels or coils providing a chilled ceiling
system. (Or the cool water can be used as a cooling source for a
conventional chiller.) The condensation risk must always be considered.
Whilst a ground cooling system is clearly not a wholly renewable energy
source as it requires electricity to drive the pumps, the renewable
component is considered as the cooling energy extracted from the
ground less the primary electrical energy input to the extraction pumps. It
may be possible to combine the use of ground sources for both heating
and cooling, using the same mechanical equipment.
3.10.2 WHERE CAN GROUND SOURCED COOLING BE USED?
Ground cooling is suitable where the building has a cooling demand, as
in some offices, shops, hotels, etc. and where there is access to
suitable ground.
Ground sourced cooling systems cannot be seen from the outside of the
building so aesthetic design is not an issue.
3.10.3 COST RANGES
The cost of a ground cooling system will depend on the size of the buried
pipe system for the required cooling demand, and the ground conditions.
The additional cost is estimated to range from £50,000 for 50% of the
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cooling load of a 2,000m2 floor space of retail development, to £90,000
for 50% of the cooling of a 3,000m2 prestige office. Developers should
contact individual suppliers for up to date prices.
See section 4.6 for details of available grants.
3.10.4 OUTPUT RANGES
The cooling output from a ground system will depend on the soil and
ground water conditions either to supply the water in an open system or
to cool the water in a closed system. The full cooling demand of a central
prestige office is unlikely to be able to be supplied by a ground cooling
system, due to restricted ground space on and under the site. The lower
total cooling demand of other buildings in suburban locations will be
easier to supply by ground cooling alone.
3.10.5 TECHNICAL FEASIBILITY ISSUES OR CONSTRAINTS
Ground conditions will determine the feasibility of a ground cooling
system. Areas of solid rock will be more expensive to drill through. A
detailed ground survey will be needed to determine the suitability on any
particular site.
3.10.6 MAINTENANCE REQUIREMENTS.
There are no specific maintenance problems with ground cooling systems,
except to keep pipes and pumps clear where ground water is used
directly. General equipment maintenance will be less than with the use of
traditional electrically driven chillers.
3.10.7 ADDITIONAL BENEFITS OF TECHNOLOGY
There will be significant running cost savings from the use of ground
cooling compared with conventional chillers, as the only energy use is in
pumping the water from the ground or round the buried pipe system. A
90% saving in energy use for supply of cooled water can be achieved by
effective ground systems. There may also be locational benefits in that
conventional chilling plant is normally located on the roof or top storey of
the building, whilst ground water pumping will use a basement. This may
allow the upper area to be occupied and the visual intrusion of roof plant
avoided, while use is made of the less attractive underground space.
3.10.8 PLANNING AND LEGISLATIVE ISSUES
Ground sourced cooling cannot be seen from the outside of the building
and so should not be an issue for planners when looking at the aesthetics
of a potential development. Permission is however likely to be required
for ground drilling or bore hole use. For an open system, the process of
applying for a groundwater licence begins with gaining consent from the
Environment Agency to drill and investigate a borehole. This is achieved
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by completing a WR-32 Form, which is an application for consent to drill
and test pump a borehole. Once received, the Agency will undertake a
hydrological assessment to ascertain whether the quantities required are
achievable. The proposer must complete a survey of water features
within a defined area, to help identify any surface water features or
existing groundwater abstractions that may be affected by the new
proposal. An investigation consent will only be issued after due
consideration of all the available information. Once the investigation is
complete, it will then be necessary to apply for an abstraction licence.
Further information is available from the Environment Agency. For a
closed system using a vertical drilling, a licence is likely to be needed.
3.10.9 LINKS TO EXISTING SUPPLIER, INSTALLER AND PRODUCT LISTS
See section 3.9.9.
3.10.10 LINKS TO SOURCES OF MORE DETAILED TECHNICAL INFORMATION
• Heat Pump Association, Federation of Environmental Trade
Associations, 2 Waltham Court, Milley Lane, Hare Hatch, Reading,
RG10 9TH, T: 0118 940 3416, W: www.feta.co.uk/hpa/
• ‘Design Tools for Low Energy Cooling: Technology Selection and Early
Design Guidance’. Denice Jaunzens (ed.). UK, BRE Ltd, ECBCS 2001
• ‘New ways of cooling - information for building designers’. GIR085.
EEBP programme 2001. See www.actionenergy.org.uk.
• Abstraction information from the Environment Agency,
www.environment-agency.gov.uk/subjects/waterres/564321/
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3.10.11 GROUND SOURCED COOLING CASE STUDY - ALEXANDRA PARK
SCHOOL EXTENSIONS
New North London comprehensive school extension, using ground
sourced cooling
GENERAL
Name:

Alexandra Park School

Location:

Bidwell Gardens, London, N11 2AZ

Planning Authority:

London Borough of Haringey

Size:

Mixed community comprehensive. Circa 1,380 pupils after expansion.

Completion Date:

August 2004

Client/Developer:

Haringey Education Services

Main Contractor:

Willmott Dixon

Drivers for inclusion:

Haringey Education Services sought a design that considered the whole
life costs as well as the environmental impacts of the building.

Cost:

Undisclosed

Value/source of any
grant funding:

None

TECHNICAL
Technology used:

20 x 98m deep, vertical closed-loop ground sourced cooling system, on a
5m grid.

Capacity:

80kW cooling

Capacity as % of total
site energy demand:

Unknown

Description of system:

The ground sourced cooling system is used to cool the Information and
Computer Technology (ICT) areas, grouped in one area of the building.

Technical problems
faced/resolved:

When drilling commenced there were unexpected variations in the
geological conditions, this resulted in some delays to the drilling process
but no overall delays to the project. Noise was also an issue, with boring
equipment operating during the school day.

Other renewables used:

Photovoltaics

PLANNING
Planning problems
faced/resolved:
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FURTHER EXAMPLES
Sainsbury’s Greenwich Millennium Village Store
The Royal Household, Buckingham Palace, London
The London Clinic, Devonshire Place, London

© Nicholas Hare Architects
Key to image
1. High performance building envelope
2. Ventilation chimneys
3. Photovoltaic cells
4. Photo sensitive lighting controls
5. Habitat areas
6. Rainwater harvesting
7. Solar shading
8. Exposed structure (to illustrate building construction)
9. Ground sourced cooling
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3.11 OTHER RENEWABLES TECHNOLOGIES
The technologies described below are those that may become viable for
inclusion in developments in London in the future, but there is not
currently sufficient data on them to warrant inclusion in the energy
demand assessment.
3.11.1 FUEL CELLS USING HYDROGEN FROM RENEWABLE SOURCES
Fuel cells can be used as CHP systems in buildings. There are currently
several different systems under development using different chemical
processes, which operate at different temperatures. They currently use
natural gas as the fuel, which is ‘reformed’ to produce hydrogen, the
required fuel for the fuel cell. When and if hydrogen becomes available
from renewable sources, e.g. as the storage medium of wind generated
energy, fuel cell CHP from renewable sources may be possible in buildings.
3.11.2 GAS FROM ANAEROBIC DIGESTION
Biogas can be obtained from the breakdown of various organic materials,
by natural digestion (e.g. land fill gas from waste sites) or enhanced
digestion methods. The gas generated can be used for burning and with
some cleaning, may be used in internal combustion engines as part of
CHP systems. Farm, food and market waste products are particularly
good as source materials. Whilst some pilot plants are operating in UK
and abroad, this technology is not particularly suitable for building
application in London at the present time.
There is one pilot biogas digestor project being set up in Southwark, a
partnership between the local authority and company Rutherford Collins.
If funding is obtained the plant should be operating in 2005.
3.11.3 GEOTHERMAL
Geothermal energy is derived from the very high temperatures at the
earth’s core. In geologically suitable areas, heat from inside the earth can
rise up to the surface. (NB ground source heat exploits solar energy that
has been stored at relatively shallow depths within the earth.) Whenever
water enters fissures in this hot rock, it can become heated and emerge
on the surface as hot springs, or even as steam, creating features such as
steam vents, geysers and hot mud springs. Geothermal energy can be
used directly for providing heat and geothermal power plants can access
steam, heat or hot water from geothermal reservoirs to provide a force to
turn generators and produce electricity. This type of geology is not found
in the London area.
Only one geothermal power plant is in operation in the UK,
at Southampton.
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3.11.4 GROUND COOLING AIR SYSTEMS
Air circulated through large pipes systems buried 2-3 metres in the
ground, can be used to provide cooling in houses and other buildings.
The system is similar to horizontal systems using water as the
circulating medium (see sections 3.9 and 3.10). The cooled air can be
used directly in the building or passed through a heat exchanger.
Normally, large areas of open ground are required for the systems.
Systems are operating in hotter climates than the UK for several
building types. The systems do not seem very applicable to London
developments at present, little experience is available and only small
energy contributions are feasible.
3.11.5 MICRO HYDRO
Turbines placed within the flow of water produce mechanical energy that
causes the turbines to rotate at high speed. The turbines drive a
generator that converts the mechanical energy into electrical energy. The
amount of hydroelectric power that can be generated is related to the
water flow and the vertical distance (known as head) through which the
water has fallen. In the smallest hydroelectric schemes, the head of water
can be a few metres, in the larger schemes the power station which
houses the turbines is often hundreds of metres below the reservoir.
Useful power may be produced from even a small stream.
The key issue relating to micro hydro is to maintain the watercourse’s
ecology by restricting the proportion of the total flow diverted through
the turbine. All watercourses of any size are controlled by the
Environment Agency. To remove water from them (even though it may go
back in) will almost certainly require their permission in the form of a
licence. They are also responsible for fish protection and other
environmental aspects of any riverside development.
There are no examples of micro hydro systems in new developments in
London currently but could be an option to be explored in the future for
developments adjacent to watercourses.
The Wheel House at the Merton Abbey Mills, originally used to grind corn
and later power machinery has been renovated to provide 0.6kW of
electricity. It is thought to be the only working water wheel in London.
3.11.6 SOLAR AIR COLLECTORS
Air can be heated by direct sun in glazed or opaque panels and used in
warm air heating systems in buildings. Panels are normally located on
south facing rooftops or may be sandwich panels that form the roof
covering. Vertical south wall cladding systems have also been used. The
amount of solar energy collected per square metre is low and tends to
LONDON RENEWABLES
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be mostly available when space heating is not required. Few
commercial systems exist and calculation of the usable (renewable)
energy supply is uncertain.
Notes and references
5 Housing Energy Efficiency Best Practice Programme General Information
Report 27, Passive Solar Estate Layout,
www.est.org.uk/bestpractice/publications/detail.jsp?pk=146
6 Housing Energy Efficiency Best Practice Programme General Information
Report 27, Passive Solar Estate Layout
7 Housing Energy Efficiency Best Practice Programme CE13 Benefits of
Best Practice: Community Heating,
www.est.org.uk/bestpractice/publications/detail.jsp?pk=388
8 SEDBUK = Seasonal Efficiency of Domestic Boilers in the UK,
www.sedbuk.com
9 Housing Energy Efficiency Best Practice Programme General Information
Leaflet 72 Energy efficiency standards - for new and existing dwellings,
www.est.org.uk/bestpractice/publications/detail.jsp?pk=38
10 Housing Energy Efficiency Best Practice Programme GPCS 441, Low
Energy Domestic Lighting - Looking Good for Less. -and GIL 20, Low
Energy Lighting - A Summary Guide,
www.est.org.uk/bestpractice/publications/detail.jsp?pk=558
11 Energy Labels: Helping you make the right choice,
www.defra.gov.uk/environment/consumerprod/energylabels/index.htm
12 Housing Energy Efficiency Best Practice Programme, Windows for New
and Existing Housing: A Summary of Best Practice. A U-value is a
measure of the thermal transmittance of a material - the lower the Uvalue the higher the insulating properties of that material.
www.est.org.uk/bestpractice/publications/detail.jsp?pk=557
13 Energy Efficiency Best Practice Programme General Information Leaflet
59, Central Heating System Specification, 2002,
www.est.org.uk/bestpractice/publications/detail.jsp?pk=775
14 www.london.gov.uk/mayor/strategies/air_quality/air_quality_strategy.jsp
15 Energy Efficiency Best Practice Programme General Information Leaflet
74 Domestic Condensing Boilers - ‘The Benefits and the Myths’,
www.est.org.uk/bestpractice/publications/detail.jsp?pk=39
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16 Energy Efficiency Best Practice Programme CE13 Benefits of Best
Practice: Community Heating, www.est.org.uk/bestpractice/
publications/detail.jsp?pk=388
17 Energy Efficiency Best Practice Programme GPCS 400 Community heating
serves luxury private apartments, www.est.org.uk/bestpractice/
publications/detail.jsp?pk=140
18 Energy Services Programme, Energy Saving Trust,
www.practicalhelp.org.uk/initiatives/initiative.cfm?initiative_id=12
19 Testing Buildings for Air Leakage - TM23: 2000. CIBSE.
ISBN 1 903287 103
20 Energy Use in Offices. Energy Consumption Guide 19. Best Practice
Programme. www.actionenergy.org.uk
21 Good Practice Guide 290. Ventilation and cooling options appraisal A client guide. www.actionenergy.org.uk/Action+Energy/
KeywordSearch.asp?keyword=gpg290
22 Good Practice Guide 291. A designers guide to the options for ventilation
and cooling.
23 The Installers Guide to Lighting Design. Good Practice Guide 300,
January 2002, Best Practice Programme, www.actionenergy.org.uk
24 Electric Lighting controls - a guide for designers, installers and users.
Good Practice Guide 160, March 1997, Best Practice Programme,
www.actionenergy.org.uk
25 Natural ventilation in non-domestic buildings. Application Manual AM10:
1997 CIBSE. ISBN 0 900953 77 2
26 Good Practice Guide 237. Natural Ventilation in Non Domestic Buildings
- A guide for designers, developers and owners. www.actionenergy.org.uk/
Action+Energy/KeywordSearch.asp?keyword=gpg237
27 www.bwea.com
28 www.odpm.gov.uk/stellent/groups/odpm_control/
documents/contentservertemplate/odpm_index.hcst?n=3380&l=3
29 Energy Networks Association, 020 7706 5100
E: info@energynetworks.org, W: www.energynetworks.org
Previously, this was published by the Electricity Association.
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30 Prices from Solar for London, www.solarforlondon.org.
31 Supplied by John Blower, Filsol T: 01269 860229.
32 See p123 of The Mayor’s Energy Strategy 2004, table 7.
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4 Including Renewables in
Development Proposals A Route Map
Developers
Use the route map to help consider the feasibility of renewable
technologies and how to include them in development proposals.
The support provided in the toolkit is summarised and cross referenced at
each step. The steps apply at both outline and detailed planning stages
but developers are more likely to use the provided benchmark figures at
outline design when they know less detail about their buildings.
1 Draw up a shortlist of renewable technologies to study. Consider
the site location and the types of buildings in the proposed development
and draw up a shortlist of renewable energy technologies that will be the
subject of further feasibility studies.
The scenario tables in section 4.13 will give you a quick idea of which
technologies may be applicable to your project. The toolkit also provides
simple flowcharts to highlight the major issues that need to be
considered for each technology at the outline planning stage (section
4.1) and brief guides on each renewable energy technology (section 3).
2 Calculate the annual predicted energy demand of the site in kWh
for each fuel (e.g. gas and electricity) after the application of suitable
energy efficiency measures and technologies (including CHP).
Brief details on the areas where energy efficiency can be considered is
provided in section 3.2.
The toolkit contains delivered energy benchmarks for a range of building
types (Table 6 section 4.3.3) as well as guidance on available and
preferred methods for estimating building energy demand (section 4.3.2)
if the benchmarks are not considered appropriate.
3 Calculate the baseline carbon emissions of the development, i.e.
the carbon emissions arising from the predicted use of energy in all the
buildings, structures and infrastructure in the proposed development.
The toolkit provides guidance on the selection and use of carbon
emissions factors in this calculation (section 4.4).
4 Calculate the contribution of each proposed renewable
energy technology to reducing the baseline carbon emissions
of the development.
The toolkit suggests a calculation method (section 4.5) for each of the
seven renewables technologies covered in the technology guide.
Alternatively, default figures provided in the reference tables in section
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4.12 can be used if insufficient detail is known to do full calculations,
providing a shortcut in the process.
5 Calculate the costs of technically feasible renewable technologies.
The toolkit provides indicative cost information for the seven
technologies covered in the technology guide.
Reference tables indicate the likely impact of renewables costs on total
development (build) costs (section 4.12).
This is to help developers gain an early idea of where to steer their
efforts in feasibility studies and to give planners an independent feel for
cost implications of renewables in different scenarios. The toolkit includes
information on current grants available for renewables and likely sources
of future grants or supportive funding for renewables (section 4.6).
6 Assess the benefits of technically feasible renewable
technologies. Developers should consider the potential benefits of
renewables to themselves and others, as part of the process of deciding
which technologies to include in development proposals.
The toolkit briefly discusses appraisal of benefits, including in-use cost
savings for eventual building occupiers (section 4.7).
7 Calculate the reduction of baseline carbon emissions for the
development achieved by applying the proposed renewable
technologies. The preceding steps should generate the information
required by the developer to make decisions on which renewables to
include in development proposals. The final calculation step is to combine
the results of applying the selected technologies to the one or more
building types, structures, etc. in the development to calculate the overall
reduction in carbon emissions achieved.
The toolkit suggests a suitable calculation method and provides worked
examples based on the reference tables provided (section 4.8)
8 Include renewables proposals in the planning application. The
toolkit makes suggestions on the content and format of information on
renewable energy technologies that developers should consider
presenting as part of a planning application (section 4.9).
Planners
Use the route map to assess proposals and to liaise and negotiate with
developers from an informed position.
1 Raise awareness with developers and their consultants at the earliest
possible stage of how the toolkit will be used in determining an application,
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and to which policies it will be tied. This should preferably be at the preapplication stage, but could also be when requesting further information.
2 Use the reference tables to find out an indication of the likely
impact of renewables costs on total development (build) costs
(section 4.12). This will give planners an independent feel for cost
implications of renewables in different scenarios. The toolkit includes
information on current grants available for renewables and likely sources
of future grants or supportive funding for renewables (section 4.6).
3 Liaise/negotiate with developers on inclusion of renewables in
development proposals based on outcomes of 2 above.
4 Assess renewables proposals included in the planning application.
The toolkit includes a simple method and a pro-forma for calculating the
contribution of renewables to carbon emission reductions based on
information provided by the developer (section 4.8).
When an application comes in use the toolkit to establish
a)
b)
c)
d)
e)

Baseline carbon emissions
The target carbon emissions reduction for the site
Calculate contribution of proposed renewable technologies to b)
Calculate total carbon emissions reduction achieved
Compare d) with b).

Development Control officers may wish to involve their planning policy
officer colleagues, or energy / environmental specialist colleagues to
assist in this section.
If the developer has provided a clearly set out proposal, following the
methodology outlined in section 4, planners might not feel the need to
check all the calculation steps.
5 Liaise and negotiate with applicants to secure changes in line
with policy if necessary.
4.1 DRAWING UP A SHORTLIST OF RENEWABLE
ENERGY TECHNOLOGIES
The flow diagrams on the following pages have been produced to
highlight the major issues that must be considered for each technology.
These are simplified guidelines only - further information is likely to be
required for particular sites and feasibility studies may be required in
order to answer some of the questions raised. Detail on the technologies
can be found in section 3 of the toolkit.
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The reference tables in section 4.12 give a broad indication of the scope
for contribution that a technology can make to carbon emissions reduction
and the increase in build costs for a given building and location type.
4.1.1 GUIDELINES FOR SUITABLE LOCATIONS FOR STAND ALONE
WIND TURBINES
Is there an average wind speed
of at least 6m/s on site?

Choose other renewable
energy option

Is the area free from obstructions
that could cause turbulence,
such as tall buildings, other
structures, trees?

Check how turbulence will
affect turbine performance
before pursuing as an option.

Is there sufficient land on the
development to allow the
placement of the turbine(s) away
from residential areas (distance
depends on turbine size)?

Choose other renewable
energy option

Is the site in or near a
conservation area or area of
historic interest or in Green Belt
or Metropolitan Open Land?

Wind power is likely to be a
feasible option. Carry out
detailed site analysis.
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Wind could be a feasible option
but ensure early consultation
with planners (and existing local
residents) to smooth planning
application process.
Demonstration of ‘very special
circumstances’ would be
required for Green Belt Land.
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4.1.2 GUIDELINES FOR SUITABLE LOCATIONS FOR ROOF MOUNTED
WIND TURBINES
Roof mounted wind turbines have not been widely demonstrated, but are
currently under trial by a number of manufacturers.
The criteria for mounting a small (1.5kW) turbine on a roof are minimal as they are designed to fit any roof design and are mounted on the wall.
They have been designed to work in turbulent wind conditions (as might
be experienced on roof tops) and have been designed to minimize
vibrations through use of damping systems.
The turbines will work in lower wind speeds than larger turbines,
estimated at 3.5m/s.
4.1.3 GUIDELINES FOR SUITABLE LOCATIONS FOR PHOTOVOLTAICS

Will or can the
building have a east
to west (through
south) facing roof or
flat roof?

Will or can the roof
facade be free from
overshadowing for
most of the day from
other buildings or
structures?

PV is likely to be
suitable, undertake
feasibility study to
work out optimum
size and location
of panels.

LONDON RENEWABLES

Is the building an
office block or
residential tower
where high quality
cladding materials
may be used?

Will or can the south
/ south-east / south
west facing facades
be free from
overshadowingby
other buildings?

Choose other
energy source.

PV is likely to be
suitable, undertake
feasibility study
to work out optimum
size and location
of panels. Select
cladding type
according to
look required.
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4.1.4 GUIDELINES FOR SUITABLE LOCATIONS FOR SOLAR
THERMAL SYSTEMS
SOLAR THERMAL FOR OFFICE, RETAIL, INDUSTRIAL AND
LOCKS OF FLATS
Will the building have a year
round hot water demand? (eg
canteen, washrooms, showers,
industrial process).

Choose other renewable
energy source.

Will the building have an open
aspect south-east to south-west
facing roof (or flat roof)? If not,
can it be reoriented so it will?

Choose other renewable
energy source.

Is there space for a hot water
cylinder(s) close to the panels?
If not, can the design be altered
to provide suitable space>

Longer, more complicated/
expensive pipe work might be
required but still possible. Carry
out study of roof and roof
space.

Is the building in a
conservation area?

Start early discussions with the
planning authority and ensure
system is located as
unobtrusively as possible.
Systems have been installed in
conservation areas.

Solar water heating is likely to be
suitable for this site. Check that
planners won’t require planning
consent and ensure the system
design is discreet. Carry out more
detailed survey to work out size
of panels required.
Note:
94

Refer to 3.6.11 for detail on communal systems for flats.
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4.1.5 GUIDELINES FOR SUITABLE LOCATIONS FOR SOLAR
THERMAL SYSTEMS
SOLAR THERMAL FOR DOMESTIC HOMES OR SMALL BLOCKS OF FLATS
Will or can any of the dwellings
have an open aspect south-east
to south-west facing roof (or
flat roof) and area of at least
4m2?

Choose other renewable
energy source.

Is there space for a hot water
cylinder(s) near the panels? If
not, can it be altered so there is?

Carry out study of roof and
roof space.

Is the building in a
conservation area?

Solar water heating is likely to be
suitable for this site. Check that
planners won’t require planning
consent and ensure the system
design is discreet. Carry out more
detailed survey to work out size
of panels required.
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Start early discussions with the
planning authority and ensure
system is located as
unobtrusively as possible.
Systems have been installed in
conservation areas.
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4.1.6 GUIDELINES FOR SUITABLE LOCATIONS FOR BIOMASS HEATING
DOMESTIC BIOMASS HEATING
Is it a house or block
of flats?
B
L
O
C
K

Is a communal
heating system to be
installed?

Is there a potential
local supply and is
there space for fuel
delivery and storage
(or can space be
designed into the
scheme)?

Is the boiler part of a
modular system to
allow for shutdown
and cleaning?

HOUSE

Is there a local supply
and space for storage
of biomass fuel, or
can one be set up?

Is a room heater or
boiler required?

Central
boiler

Room
heater

Is there
space in the
house for
the boiler
and fuel
supply?

Will
occupants
be able to
manage the
system, fuel
supply etc?
(Not suitable
for the
elderly)

Choose other
renewable
energy source.

Your site is likely to be
suitable for biomass
heating. Carry out
feasibility study.

Your site is likely to
be suitable for
biomass heating.
Carry out feasibility
study.
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4.1.7 GUIDELINES FOR SUITABLE LOCATIONS FOR BIOMASS HEATING
NON-DOMESTIC BIOMASS HEATING
Is there the potential for a local
supply, delivery and storage for
biomass fuel?

Choose other renewable
energy source, only if it is not
possible to set up a fuel
supply chain.

Can the boiler house be
located so it is suitable for
biomass supply, with sufficient
storage capacity?

Check other renewable energy
source, only if there is no scope
to design in storage capacity in
the scheme.

Will boiler be part of a modular
system to allow for shut down
and cleaning?

Redesign to be part of a
modular design, if not possible,
choose another renewable
energy source.

Your site is likely to be suitable
for biomass heating. Carry out
feasibility study.
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4.1.8 GUIDELINES FOR SUITABLE LOCATIONS FOR BIOMASS CHP
Will the development have a
year-round demand for heat,
and a communal heating
system?

Choose other renewable
energy source

Is a reliable guaranteed CHP
system available at the
appropriate size?

See if it is possible to re-size
the CHP plant, otherwise
choose other renewable energy
source.

Is there potential for a local
supply, delivery and storage for
biomass fuel?

Choose other renewable energy
source, only if it is not possible
to set up a supply chain.

Can a reliable CHP repair and
maintenance system be put in
place in the completed
development?

Choose other renewable
energy source

Your site is likely to be suitable
for biomass CHP. Carry out
feasibility study.
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4.1.9 GUIDELINES FOR SUITABLE LOCATIONS FOR
GROUND SOURCE HEATING
Will there be room for
a horizontal buried
pipe?

Is the ground
accessible for a
vertical pipe system?

Choose other
renewable
energy source

Is the ground
suitable, free from
rock to a depth of
1-3 metres?

Is the ground free
from ground
obstructions, sewers,
tunnels etc?

Choose other
renewable
energy source

Check with the relevant
authority, is ground drilling
allowed?

Decide on the amount of heating to be supplied by
the ground system. Can an adequate length of pipe
be installed to provide this heating requirement?

Can the heating system be
designed to accommodate
low temperature circulation
water (such as underfloor
heating)?

Consider redesigning
the heating system. If
not possible, consider
feasibility study
before ruling out
ground source
heating.

Choose other
renewable
energy source

Reduce the amount
of heating from the
system. Is this
acceptable?

Choose other
renewable
energy source

Your site is likely to be suitable for ground sourced
heating. Carry out a full site survey.
Please note: The same equipment may be used for cooling.
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4.1.10 GUIDELINES FOR SUITABLE LOCATIONS FOR GROUND COOLING
SYSTEMS

Does the
development need a
cooling system?

Will there be room for
a horizontal buried
pipe system?

Is the ground
suitable, free from
rock to a depth of 3
metres?

Choose other renewable energy source.

Is the ground
accessible for a
vertical pipe system?

Could an open
borehole system be
used?

Is the ground free
from ground
obstructions, sewers,
tunnels etc?

Choose
other
renewable
energy
source.

Check with the
relevant authority, is
ground drilling
allowed?

Check with the
Environment Agency,
is open borehole
system allowed for
this site?

Decide on the amount of cooling to be supplied by the ground system. Can an
adequate length of pipe be installed, or can an adequate extraction rate be supplied?

Your site is likely to be
suitable for ground
cooling. Carry out a
full site survey.

Reduce the amount
of cooling from the
system. Is this
acceptable?

Choose other
renewable energy
source.

Please note: The same equipment may be used for heating.
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4.2 RULES OF THUMB FOR RENEWABLE SOURCES IN
DEVELOPMENT SCENARIOS.
‘Rules of Thumb’ by their nature, only provide simplified routes to
solutions and more detailed investigations are necessary before final
conclusions can be made in any particular situation. The following
rules must be seen in this light. These are based on the analysis
given in section 4.13. A number of examples of costs have been provided
below, however, further details can be found in the relevant table in
section 4.13.
4.2.1 CENTRAL RETAIL BLOCK
Ground sourced heating is likely to be able to provide the highest
renewable contribution at least cost, with ground cooling also possible.
4.2.2 SMALL RETAIL UNIT
Due to location issues, ground sourced heating may be the only
possibility. Flow charts in section 4.1 can be used to obtain an indication
of whether a site will be suitable for particular technologies.
4.2.3 PRESTIGE OFFICE
Ground sourced heating and cooling, possibly in combination, are
likely to provide the least cost renewable contribution, unless PV
cladding could be used to replace an expensive façade. Table 4.13.3
shows that a 10% contribution to energy demand can be made by a
combination of ground sourced heating and cooling at just over 3% of
capital cost. Assuming PV cladding is replacing an expensive façade the
increase cost on base build for the same proportion of energy demand
met is calculated at 1.5% and could be even less depending on the
material being replaced.
4.2.4 STANDARD OFFICE
Biomass heating, if a suitable fuel supply and storage area are available,
could be the cheapest option, with ground sourced heating also low
cost. A wind turbine could provide a low cost renewable source, if there
is space and an adequate wind regime available. Table 4.13.4 shows that
a 10% contribution to energy demand can be made by ground sourced
heating at less than 2% above base build capital costs.
4.2.5 STANDARD INFILL NATURALLY VENTILATED OFFICE
Biomass heating, if a suitable fuel supply and storage area are available,
or ground sourced heating are the cheapest options. Table 4.13.5
shows that several technologies are very likely to be technically feasible.
Ground sourced heating can provide a 10% contribution to energy
demand at less than 1% above base build capital costs.
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4.2.6 INDUSTRY
A wind turbine, if there is space and an adequate wind regime
available, can be the cheapest option, alternatively biomass heating, if
a suitable fuel supply and storage area are available, and ground
sourced heating can be low cost. Solar water heating could be viable
if the particular building use has high hot water demand e.g. for
washing. Table 4.13.6 shows that wind is the least cost option if
available, costing just over 1% above base build for 10% of energy
demand met. Biomass heating can provide nearly 20% of energy
demand at 3% above base build capital costs.
4.2.7 WAREHOUSE AND DISTRIBUTION
A wind turbine, if there is space and an adequate wind regime available,
can be the cheapest option, alternatively ground sourced heating
could be used at reasonable cost.
4.2.8 HOTEL
Ground sourced heating is likely to be the cheapest renewable source,
with a combination of solar hot water and ground cooling also
reasonable. PV cladding, if used to replace an expensive façade, could
also provide a contribution. Table 4.13.8 shows that ground sourced
heating or biomass CHP, when more widely available, provide at least
10% of energy demand at less than 1.5% above base build capital costs.
Solar water heating can provide 5% of energy demand at less than 1%
above base build capital costs.
4.2.9 CARE HOMES AND SHELTERED HOUSING
Biomass heating, if a suitable fuel supply and storage area are
available, could be the cheapest option, with ground sourced heating
also low cost.
4.2.10 MEDIUM DENSITY HOUSING, SUBURBS
Solar hot water systems on individual houses are likely to be the
easiest. However, a stand-alone wind turbine could provide the lowest
overall cost renewable source, if there is space away from the houses and
an adequate wind regime available. Table 4.13.10 shows that solar water
heating gives more than 10% of total energy demand at 1.3% above
base build capital costs.
4.2.11 MEDIUM DENSITY HOUSING, INFILL
Solar hot water systems are likely to be the cheapest option, as long
as adequate roof space is available. Individual ground sourced heating
systems are also a reasonable option. If communal heating is to be
installed, biomass heating becomes viable, as long as a suitable fuel
supply and storage area are available.
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4.2.12 RESIDENTIAL TOWER
If communal heating is to be installed, biomass heating is cheapest, as
long as a suitable fuel supply and storage area are available. Communal
solar hot water is a further reasonable cost option.
4.2.13

PRIMARY OR SECONDARY SCHOOL
A stand-alone wind turbine could provide the lowest overall cost
renewable source, if there is space and an adequate wind regime
available. Biomass heating is also a viable option if there is a suitable
fuel supply and storage area are available, as is ground sourced
heating. Table 4.13.13 shows that more than 10% of energy demand is
possible from ground sourced or biomass heating at 0.9 - 1.9% above
base build capital costs. Wind could provide 15% of energy demand at
0.4% above base build capital costs.

4.2.14 SPORTS CENTRE / HEALTH CLUB WITH POOL
A stand-alone wind turbine could provide the lowest overall cost
renewable source, if there is space and an adequate wind regime
available. A solar hot water system can also provide the necessary
contribution at low cost. Biomass heating is a viable option if there is a
suitable fuel supply and storage area are available.
4.3 AVAILABLE AND PREFERRED METHODS FOR ESTIMATING
DELIVERED ENERGY DEMAND
4.3.1 USING BENCHMARK FIGURES
The delivered energy demand of a development needs to be estimated,
possibly at a stage when detailed design will not have been carried out.
For this reason, energy benchmark figures are provided for 55 different
building types in Table 6, section 4.3.3.
The delivered energy requirement should include the kWh delivered
energy predicted for each fuel (e.g. electricity and gas) for each building
type on the site plus the predicted delivered energy requirement for other
structures and private infrastructure, including e.g. flood and car park
lighting, and other energy-using features etc that will form part of the
developer’s design proposals.
While the energy use of public infrastructure is likely to be negligible,
developers should consider opportunities surrounding public
infrastructure such as railway sidings, noise barriers and street furniture
such as lampposts, bus stops and shelters. In certain circumstances these
provide cost effective methods for providing a proportion of energy
demand through renewable energy.
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Housing benchmark figures
Benchmark figures for energy demand in housing are not given but
baseline carbon emissions can be found directly for housing in section
4.12.10, 4.12.11 and 4.12.12.
4.3.2 PREFERRED METHOD OF ENERGY DEMAND ASSESSMENT
Developers may judge it appropriate to use benchmark figures in some
cases, which provides a short cut in this step of the calculation process.
At other times the default values will not be appropriate because:
• Delivered energy requirements need to be estimated for a building,
structure, or feature not included in the tables.
• Energy efficiency techniques or technologies other than renewables
(including CHP) are proposed in line with the Mayor’s Energy
Hierarchy. These should be taken into account before calculating the
carbon emissions baseline and considering the application of
renewables to meet any applicable targets for emissions reduction.
Developers may choose to use tailored benchmarks, semi-empirical
software models or dynamic simulation models for calculating the energy
requirement of their site. They should state what method they have used
when reporting energy requirements in their planning application.
The following methods are recommended:
Dwellings
Use the Standard Assessment Procedure (SAP) calculations required by
regulation (which covers space heating and hot water) and BREDEM-12
for other end uses. A number of domestic software models implement the
BREDEM-12 calculations, e.g. NHER Builder.
Model results can be obtained at outline planning stage by modelling a
number of representative dwelling types based on a developer’s standard
specification or by using existing SAPs already calculated for existing
developments with similar house/flat types.
The final total annual energy demand calculated for a dwelling should
include energy use for ALL the following end uses, which are included in
the BREDEM-12 model:
•
•
•
•
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Space heating
Hot water
Cooking
Lights & appliances
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Commercial, industrial and other buildings
Two options are available:
1 Developers can adopt the benchmarks published in the Toolkit for their
building type (see Table 6 in section 4.3.3).
2 Developers may choose to calculate their own predicted delivered energy
requirement. Acceptable calculation methodologies are as follows:
• All buildings: modelling in line with the standards set out in CIBSE
Applications Manual AM11: Building energy and environmental
modelling’, ISBN 0 900953 85 3. Clarke JA and Maver TW (1991)
• Offices: the Carbon Performance Rating for offices as set out in BRE
Digest 457 CI/SfB (R3). Grigg PF (2001)
A declaration to this effect would be expected as part of their outline
planning application.
The final total annual energy demand calculated for ANY commercial,
industrial or other building should include energy use for ALL the
following end uses where they are known to be present:
•
•
•
•
•
•
•
•

Space heating and hot water
Gas and/or electric catering
Refrigeration/cooling
Fans, pumps & controls
Humidification
Lighting and office equipment
Centralised IT (server room) and communications equipment
Other miscellaneous electricity

Industrial buildings and other buildings with predictable end use demands
(e.g. hospitals, swimming pools, etc.) should also include
• Process heat demand where the building end use is known
• Process electricity demand where the building end use is known AND
IN ALL CASES a nominal base load demand
Where a calculation method or software model does not include all
energy end uses known to be present in the building, these must be
estimated separately and added to the model results to arrive at the
predicted fossil fuel and electricity demand.
4.3.3 SUMMARY OF DELIVERED ENERGY BENCHMARKS BY BUILDING TYPE
The table below shows a summary of published delivered energy
benchmarks for a variety of building types. The benchmarks include
LONDON RENEWABLES
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private infrastructure energy use. The ‘good’ benchmark has been
selected to give the best technical representation of current building
regulations while not being too onerous a target for developers.
It is recognised that some of these benchmarks indicate energy
consumption higher than modern buildings due to the date of their
publication. These will be upgraded as information becomes available.
(Should you wish to check for updated publications, the notes to the
table provide details.)
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Building sub-types / Examples

Nursing/residential care home
Theatres
Cinemas
Social clubs
Bingo clubs
Post offices
Banks & building societies
Agencies
Post offices (all-electric)
Banks & building societies (all-electric)
Agencies (all-electric)
Banks & building societies
Banks & building societies (all-electric)
Small acute hospital (<25,000m3)
Small acute hospital (>25,000m3)
Long stay hospital
Smaller hotel
Business or holiday hotel
Luxury hotel

Building types (corresponding to
planning use classes

Care homes, sheltered housing

Cinemas, theatres, bingo, pool & bowling halls, etc.

Cinemas, theatres, bingo, pool & bowling halls, etc.
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Cinemas, theatres, bingo, pool & bowling halls, etc.

Cinemas, theatres, bingo, pool & bowling halls, etc.

Financial & professional services buildings

Financial & professional services buildings

Financial & professional services buildings

Financial & professional services buildings

Financial & professional services buildings

Financial & professional services buildings

Financial & professional services buildings

Financial & professional services buildings

Hospitals

Hospitals

Hospitals

Hotels & hostels

Hotels & hostels

Hotels & hostels

300

260

240

414

466

406

0

63

0

0

0

150

70

140

440

140

515

420

375

90

80

80

41

60

45

122

71

90

100

80

55

70

45

190

60

135

180

42

EEO IEE

EEO IEE

EEO IEE

EEO IEE

EEO IEE

EEO IEE

BMI

BMI

EEO IEE

EEO IEE

EEO IEE

EEO IEE

EEO IEE

EEO IEE

EEO IEE

EEO IEE

EEO IEE

EEO IEE

EE IEE

1994

1994

1994

1994

1994

1994

1999

1999

1994

1994

1994

1994

1994

1994

1994

1994

1994

1994

1994

Gas
Electricity Benchmark Benchmark
Good
Good
source
date
benchmark benchmark
kWh/m2/yearkWh/m2/year
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Table 6 Published delivered energy benchmarks for different building types.
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Factory - office33
Light manufacturing33
Type 4
Primary or middle school
Secondary school without swimming pool 151
Secondary school with swimming pool
Primary schools
Secondary schools
Restaurant with bar
Fast-food restaurant
Department stores
Department stores (all-electric)
DIY stores
Book stores (all-electric)
Catalogue stores
Catalogue stores (all-electric)
Butchers (all-electric)
Clothes shops
Clothes shops (all-electric)

Industrial buildings

Industrial buildings

Prestige offices

Primary & secondary schools

Primary & secondary schools

Primary & secondary schools

Primary & secondary schools

Primary & secondary schools

Restaurants, pubs, bars, etc.

Restaurants, pubs, bars, etc.

Retail buildings

Retail buildings

Retail buildings

Retail units

Retail units

Retail units

Retail units

Retail units

Retail units

0

65

0

0

37

0

149

0

194

480

1,100

136

126

172

137

114

175

150

270

234

475

100

83

210

127

209

237

820

650

24

20

26

22

20

234

43

72

65

General manufacturing

Industrial buildings

225

Benchmark values given directly in sections 4.12.10, 4.12.11, 4.12.12

Housing

BMI

BMI

BMI

BMI

BMI

BMI

BMI

BMI

BMI

EEO IEE

EEO IEE

ECG073

ECG073

EEO IEE

EEO IEE

EEO IEE

ECG019

EEO IEE

EEO IEE

EEO IEE

1999

1999

1999

1999

1999

1999

1999

1999

1999

1994

1994

1997

1997

1996

1996

1996

1998

1994

1994

1994
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Electrical goods rental (all-electric)
Electrical goods retail (all-electric)
Frozen food centres (all-electric)
Off-licences (all-electric)
Shoe shops (all-electric)
Sports facility without a pool
Sports facility with a pool
Swimming pools only
Type 3
Type 2
Type 1
Storage & distribution warehouses
Distribution warehouses
Distribution warehouses (all-electric)
Supermarkets
Supermarkets (all-electric)

Retail units

Retail units

Retail units

Retail units

Retail units

Sports centres & health clubs

LONDON RENEWABLES

Sports centres & health clubs

Sports centres & health clubs

Standard offices

Standard offices

Standard offices

Storage & distribution warehouses

Storage & distribution warehouses

Storage & distribution warehouses

Superstores

Superstores

0

200

0

103

135

79

79

97

775

360

215

0

0

0

0

0

1,034

915

55

53

29

33

54

128

165

150

75

197

475

858

172

281

BMI

BMI

BMI

BMI

EEO IEE

ECG019

ECG019

ECG019

ECG051

ECG051

ECG051

BMI

BMI

BMI

BMI

BMI

1999

1999

1999

1999

1994

1998

1998

1998

1998

1998

1998

1999

1999

1999

1999

1999
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Notes to the table of energy benchmarks
79 Reference tables in section 4.12 are derived from the benchmarks in the
shaded cells.
ECG Energy Consumption Guide
www.actionenergy.org.uk/Action+Energy/AE+resources/default.htm
EEO Energy Efficiency Office, original publisher of energy benchmarks,
superseded by the Energy Efficiency Best Practice Programme, now
Action Energy (see link above)
IEE Introduction to Energy Efficiency (typically two editions per building type
under this title, superseded by Energy Consumption Guides for some
building types)
BMI BMI Special Report: Energy Benchmarking in the Retail Sector. Building
Maintenance Information - RICS Building Cost Information Service
4.4 CALCULATING THE BASELINE CARBON EMISSIONS OF THE SITE
Once the kWh delivered energy requirements for each fuel for each
building type on the site plus the predicted delivered energy requirement
for other structures and infrastructure are known, this needs to be
converted to baseline carbon emissions using a standard carbon factor.
Baseline carbon emissions = delivered energy requirement
x carbon factor*
*For all buildings, use the carbon emissions factors shown in Table 6
Carbon emission factors of the current version (from the Building
Regulations 2005 onwards34) of Building Regulations Approved
Document L2.
The presentation of baseline carbon emissions in any planning application
should be clear and transparent. It is recommended that the total
predicted emissions for the site should be accompanied by a breakdown
of the emissions from each building type, other structures and
infrastructure. A template for such a presentation is shown in Table 7.
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Table 7 Template for presenting a breakdown of site baseline
carbon emissions
Predicted annual
delivered energy
requirements for:
Electricity

Gas

Baseline carbon
emissions arising from...

(insert
columns
Electricity
for other
fuels)

Gas

(insert
columns
for other
fuels)

Total carbon
emissions

Carbon emissions factor
used for this fuel

Units

kWh/year kWh/year kWh/year kgC/year kgC/year kgC/year

kgC/year

Building type 1

Source of emissions on the development site

Building type 2

Building type 3

... add lines as needed

breakdown if this aids
transparency
Infrastructure (e.g.
street lighting)
breakdown if this aids
transparency

... add lines as needed

Site total

LONDON RENEWABLES
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4.5 CALCULATING THE CONTRIBUTION OF EACH PROPOSED
RENEWABLE ENERGY TECHNOLOGY
The next step is to work out the contribution of each proposed
renewable energy technology to the reduction in carbon emissions.
AT THE OUTLINE PLANNING STAGE
The reference tables in section 4.12 or scenario tables in 4.13 provide
default figures for carbon emissions reduction based on design
assumptions stated in each table and its accompanying notes.
AT THE DETAILED PLANNING STAGE
Developers may want to use the default figures as above, which provide a
short cut in this step of the calculation process. At other times, these
figures for carbon emissions reductions will not be appropriate e.g.
because:
• The baseline carbon emissions calculated for buildings of a particular
type on the subject site is different from that shown on the reference
table for that building type
• Carbon emissions reductions need to be estimated for a combination
of (renewable technology) + (building, structure, or feature) not
included in the tables
• System design parameters for the technology (e.g. proportion of end
use served) are different from those shown in the reference table or
accompanying notes for that building type.
If the reference tables are not to be used, it is recommended that
developers use the calculation methods set out in sections 4.5.2 to 4.5.1
to calculate the contribution of each technology to carbon emissions
reduction.
More detail is needed about the development than is usually available at
the outline planning stage to use these calculations, so they are more
likely to be applicable at the detailed planning stage.
INFORMATION REQUIRED TO CALCULATE RENEWABLE ENERGY
CONTRIBUTIONS
The calculations in sections 4.5.2 to 4.5.1 refer to the letters used in the
Delivered energy column of Table 8 below. This is indicated by the use of
shading and bold cell borders.
It will be necessary to look up, calculate or estimate the delivered energy
for the particular end uses in a base building that are required for the
calculation being undertaken. The ‘base building’ is one without renewable
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technologies but with any energy efficiency techniques or technologies
other than renewables (including e.g. CHP) that are proposed.
Table 8 Breakdown of delivered energy by fuel and end use.
Fuel

Energy end uses

Delivered energy in kWh

Gas

Space heating gas

M

Hot water gas

N

Space heating and hot water

Electricity

(subtotal) Q

Other gas

R

Total gas

S

Space heating electric

T

Hot water electric

U

Space heating and hot water

(subtotal) V

Cooling (refrigeration) electric

W

Fans, pumps & controls

X

Other electricity

Y

Total electricity

Z

IMPORTANT DEFINITIONS AND CONSIDERATIONS WHEN CARRYING
OUT CALCULATIONS
The following concepts must be understood when undertaking the
calculations set out in sections 4.5.2 to 4.5.1:
DELIVERED energy
The quantity of energy in kWh that would be measured at the incoming
electricity or gas meter (or equivalent measurement for other fuels)
End use DEMAND
The quantity of energy required to satisfy a particular end use. The
relationship between end use demand and delivered energy depends on
the efficiency or the coefficient of performance of the equipment satisfying
the end use (see efficiency and coefficient of performance, below).
Efficiency
The ratio between energy output and input of a system or item of
equipment. Efficiency is always a positive fraction (0-100%). E.g. new
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domestic gas boilers have a typical seasonal efficiency of 86%, so
demand and delivered energy for space heating with a gas boiler would
be related as follows:
Space heating demand = boiler efficiency (86%) x delivered energy (gas)
for space heating
Coefficient of performance
The ratio between energy output and input of a refrigeration or heat
pump cycle. It is similar to the efficiency of a heating system, but while
efficiencies are always fractions (0-100%), coefficients of performance
are greater than 1. E.g. a ground source heat pump might have a
seasonal coefficient of performance of 3, so demand and delivered
energy for space heating with such a ground source heat pump would be:
Space heating demand = coefficient of performance (3) x delivered
energy (electricity) for space heating
Capital letters are used in the calculations in the following sections to
emphasise the difference between DELIVERED energy and end use
DEMAND, and hence to avoid confusion.
The Value column is intentionally blank to allow photocopies of
the tables to be used as an aid to and record of manual
calculations.
4.5.1 WIND TURBINES
Base case used: Comparison is with a base building heated with gas.
System sizing is discretionary, i.e. the size of a wind turbine is at the
discretion of the developer and is otherwise limited only by available
turbine sizes and the availability of a suitable location. The building’s
demand for grid electricity is reduced by the amount of electricity
generated by the wind turbine.
N.B. The sizing calculation shown is suitable only to provide an early
indication of system size, carbon emissions reduction and cost based on
information for typical installations. It is NOT a design calculation. System
design and sizing of wind turbines is a specialist activity and expert
guidance should be sought.
To complete the calculation the values for the shaded calculation steps
(items S and Z) must be determined first. Performance characteristics for
the selected wind turbine (steps 1 and 2) must also be known.
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Description of calculation step

Value

Units

Calculation step*

Determine annual energy output per unit of rated
turbine power output at average wind speeds

kWh/kW

(1)

Determine inverter efficiency

%

(2)

Calculate resulting annual kWh turbine electrical
output from 1kW of rated output

kWh/year

(3) = (1) x (2)

Look up carbon emissions factor for electricity

kgC/kWh

(4)**

Calculate annual carbon emissions reduction from
1kW rated output (useful if sizing turbine to meet
carbon emissions reduction targets)

kgC/year

(5) = (3) x (4)

Specify rated power output of proposed turbine

kW

Calculate DELIVERED electricity requirement substituted
by electricity generated by wind turbine

kWh/year

(7) = (3) x (6)

Calculate reduction in carbon emissions due to
application of proposed wind turbine

kgC/year

(8) = (4) x (7)

Determine total DELIVERED gas energy in base building

kWh/year

(9) = S

Look up carbon emissions factor for gas

kgC/kWh

(10)**

Calculate carbon emissions due to DELIVERED gas
in building with wind turbine (same as base building)

kgC/year

(11) = (9) x (10)

Determine total DELIVERED electricity in base building

kWh/year

(12) = Z

Calculate DELIVERED electricity requirement for
building with proposed wind turbine

kWh/year

(13) = (12) - (11)

Calculate carbon emissions due to DELIVERED electricity
in building with proposed wind turbine

kgC/year

(14) = (13) x (4)

Calculate base building total carbon emissions

kgC/year

(15) = (11)
+ (12) x (4)

Calculate total building carbon emissions in
building with proposed wind turbine

kgC/year (16) = (11) + (14)

Calculate percentage carbon emissions reduction
due to proposed wind turbine

%

*
**

(6)

(17) = (8)/(16)

letters relate to Table 8 showing end use breakdown of DELIVERED energy
see section 4.4 regarding selection of applicable emissions factors.
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4.5.2 PHOTOVOLTAICS (PV)
Base case used: Comparison is with a base building heated with gas.
System sizing is discretionary, i.e. the size of a PV array is at the discretion
of the developer and is otherwise limited only by available module sizes and
the availability of appropriately oriented roof area. The building’s demand
for grid electricity is reduced by the amount of electricity generated by the
PV system.
Calculations apply to both roof-mounted panels/tiles and to building
integrated PV such as cladding. The various PV system factors will vary
depending on the type and design of the array.
N.B. The sizing calculation shown is suitable only to provide an early
indication of system size, carbon emissions reduction and cost based on
information for typical installations. It is NOT a design calculation. System
design and sizing of photovoltaics is a specialist activity and expert
guidance should be sought.
To complete the calculation the values for the shaded calculation steps
(items S and Z) must be determined first. Performance characteristics for
the selected PV array (steps 1 to 6) must also be known. If these are not
available, assume (2) x (3) x (4) x (5) x (6) = 75%.
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Description of calculation step

Value

Units

Determine maximum annual irradiation at the
specific location

London: 1022 kWh/m2/year

Calculation step*
(1)

Determine module conversion efficiency

%

(2)

Determine positioning factor based on system’s
tilt and orientation

%

(3)

Determine inverter efficiency

%

(4)

Determine system losses factor

%

(5)

Determine packing density factor

%

(6)

Calculate resulting annual kWh system
electrical output from 1m2 of panel

kWh/year

(7) = (1) x (2) x
(3) x (4) x (5) x (6)

Look up carbon emissions factor for electricity

kgC/kWh

(8)**

Calculate annual carbon saving from 1m2 of panel

kgC/year

(9) = (7) x (8)

Specify panel area of proposed rooftop PV array

m2

Calculate DELIVERED electricity requirement
substituted by electricity generated by PV

kWh/year

(10)
(11) = (7) x (10)
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Calculate reduction in carbon emissions due to
application of rooftop photovoltaic array

kgC/year

(12) = (8) x (11)

Determine total DELIVERED gas energy in
base building

kWh/year

(13) = S

Look up carbon emissions factor for gas

kgC/kWh

(14)**

Calculate carbon emissions due to DELIVERED
gas in building with PV (same as base building)

kgC/year

(15) = (13) x (14)

Determine total DELIVERED electricity in
base building

kWh/year

(16) = Z

Calculate DELIVERED electricity requirement for
building with proposed PV array

kWh/year

(17) = (16) - (11)

Calculate carbon emissions due to DELIVERED
electricity in building with proposed PV array

kgC/year

(18) = (17) x (8)

Calculate base building total carbon emissions

kgC/year

19) = (15) +
(16) x (8)

Calculate total building carbon emissions in
building with proposed photovoltaic array

kgC/year

(20) = (15) + (18)

Calculate percentage carbon emissions reduction
due to proposed photovoltaic array

%

(21) = (12)/(20)

*
**

letters relate to Table 8 showing end use breakdown of DELIVERED energy
see section 4.4 regarding selection of applicable emissions factors

4.5.3 SOLAR WATER HEATING
Base case used: Comparison is with a base building heated with gas.
Additional/peak hot water demand is served by gas.
System sizing and calculation of carbon emissions reduction is ‘designled’ i.e. the system is sized to meet a proportion of the predicted demand
in the subject building.
N.B. The sizing calculation shown is suitable only to provide an early
indication of system size, carbon emissions reduction and cost based on
information for typical installations. It is NOT a design calculation. System
design and sizing of solar water heating is a specialist activity and expert
guidance should be sought.
To complete the calculation the values for the shaded calculation steps
(items N, S and Z) must be determined first. The base heating system
efficiency must also be known.
LONDON RENEWABLES
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Description of calculation step

118

Value

Units

Calculation step*

Determine total DELIVERED gas energy in base
building for end uses that are to be served by
solar water heating.

kWh/year

Determine heating system efficiency in
base building

%

Calculate end use DEMAND met accounting for
system efficiency (this quantity is often known as
a result of design calculations/modelling)

kWh/year

Specify proportion of end use DEMAND
met by solar water heating

%

Calculate annual energy DEMAND for hot
water met by solar water heating

kWh/year

(5) = (3) x (4)

Determine total DELIVERED gas energy
in base building

kWh/year

(6) = S

Calculate DELIVERED gas requirement
substituted by solar water heating

kWh/year

(7) = (5)/(2)

Calculate remaining requirement for DELIVERED
gas (to serve conventional heating & hot water,
and catering) after application of solar water heating

kWh/year

(8) = (6) - (7)

Look up carbon emissions factor for gas

kgC/kWh

(9)**

Calculate carbon emissions due to DELIVERED gas
in building with solar water heating

kgC/year

(10) = (8) x (9)

Determine total DELIVERED electricity
in base building

kWh/year

(11) = Z

Calculate DELIVERED electricity required
by the solar water heating circulation pump

kWh/year

(12)

Calculate DELIVERED electricity requirement
for building with solar water heating

kWh/year

(13) = (11) + (12)

Look up carbon emissions factor for electricity

kgC/kWh

(14)**

Calculate carbon emissions due to DELIVERED
electricity in building with solar water heating

kgC/year

(15) = (13) x (14)

Calculate total building carbon emissions in
building with solar water heating

kgC/year

(16) = (10) + (15)

Calculate base building total carbon emissions

kgC/year

(17) = (6) x (9) +
(11) x (14)

(1) = N
(2)

(3) = (1) x (2)
(4)
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Calculate reduction in carbon emissions due to
application of solar water heating

kgC/year

(18) = (17) - (16)

Calculate percentage carbon emissions reduction
due to application of solar water heating

%

(19) = (18)/(16)

*
**

letters relate to Table 8 showing end use breakdown of DELIVERED energy
see section 4.4 regarding selection of applicable emissions factors.

4.5.4 BIOMASS HEATING
Base case used: Comparison is with a base building heated with gas.
Additional/peak heat load is served by gas. For simplicity, the supply
and combustion of the biomass fuel is assumed to result in zero net
carbon emissions.
System sizing and calculation of carbon emissions reduction is ‘designled’ i.e. the system is sized to meet a proportion of the predicted demand
in the subject building.
N.B. The sizing calculation shown is suitable only to provide an early
indication of system size, carbon emissions reduction and cost based on
information for typical installations. It is NOT a design calculation. System
design and sizing of biomass heating is a specialist activity and expert
guidance should be sought.
To complete the calculation the values for the shaded calculation steps
(items Q, S and Z) must be determined first. The base heating system
efficiency must also be known.
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Description of calculation step

Units

Calculation step*

Determine the total DELIVERED gas energy requirement
in the base building for end uses that are to be served
by biomass heating. (Scenario calculations base biomass
heating sizing on delivered energy for space heating
and hot water.)

kWh/year

Determine the heating system efficiency in base building

%

Calculate end use DEMAND met accounting
for system efficiency

kWh/year

Specify the proportion of end use DEMAND
met by biomass heating

%

Calculate annual energy DEMAND for heating
& hot water met by biomass heating

kWh/year

(5) = (3) x (4)

Determine total DELIVERED gas energy in base building

kWh/year

(6) = S

Calculate DELIVERED gas requirement
substituted by biomass heating

kWh/year

(7) = (5)/(2)

Calculate the remaining requirement for DELIVERED gas
(to serve conventional heating & hot water, and catering)
after application of biomass heating

kWh/year

(8) = (6) - (7)

Look up carbon emissions factor for gas

kgC/kWh

(9)**

Calculate carbon emissions due to DELIVERED
gas in building with biomass heating

kgC/year

(10) = (8) x (9)

Calculate total DELIVERED electricity in base building

kWh/year

(11) = Z

Look up carbon emissions factor for electricity

kgC/kWh

(12)**

Calculate carbon emissions due to DELIVERED electricity
in building with biomass heating (same as base building)

kgC/year

(13) = (11) x (12)

Calculate total building carbon emissions in
building with biomass heating

kgC/year

(14) = (10) + (13)

Calculate base building total carbon emissions

kgC/year

(15) = (6) x (9) + (13)

Calculate reduction in carbon emissions due
to application of biomass heating

kgC/year

(16) = (15) - (14)

Calculate percentage carbon emissions reduction due
to application of biomass heating

%

(17) = (16)/(14)

*
**
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Value

(1) = Q
(2)
(3) = (1) x (2)
(4)

letters relate to Table 8 showing end use breakdown of DELIVERED energy
see section 4.4 regarding selection of applicable emissions factors.
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4.5.5 BIOMASS COMBINED HEAT & POWER
Base case used: Comparison is with a base building heated with gas.
Additional/peak heat load is served by gas. System sizing and calculation
of carbon emissions reduction is ‘design-led’. In the case of CHP, the
system is sized to meet a proportion of the heat load in the subject
building. The building’s demand for grid electricity is reduced by the
amount generated by the CHP.
N.B. The sizing calculation shown is suitable only to provide an early
indication of system size, carbon emissions reduction and cost based on
information for typical installations. It is NOT a design calculation. Expert
guidance should be sought for system design and sizing of biomass CHP.
To complete the calculation the values for the shaded calculation steps
(items Q, S and Z) must be determined first. The base heating system
efficiency and the ratio of heat to electricity generation for the CHP
engine must also be known.
Description of calculation step

Value

Units

Calculation step*

Determine total DELIVERED gas energy in base building
for end uses that are to be served by biomass CHP.
(Scenario calculations base biomass heating sizing on
delivered energy for space heating and hot water.)

kWh/year

Determine heating system efficiency in base building

%

Calculate end use DEMAND met accounting
for system efficiency

kWh/year

Specify proportion of end use DEMAND met by CHP

%

Calculate annual energy DEMAND for heating
& hot water met by biomass CHP

kWh/year

(5) = (3) x (4)

Determine total DELIVERED gas energy in base building

kWh/year

(6) = S

Calculate DELIVERED gas requirement
substituted by heat generated by biomass CHP

kWh/year

(7) = (5)/(2)

Calculate remaining requirement for DELIVERED
gas (to serve conventional heating & hot water,
and catering) after application of biomass CHP

kWh/year

(8) = (6) - (7)

Look up carbon emissions factor for gas

kgC/kWh

(9)**

Calculate carbon emissions due to
DELIVERED gas in building with biomass CHP

kgC/year

(10) = (8) x (9)

Determine total DELIVERED electricity in base building

kWh/year

(11) = Z
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(2)
(3) = (1) x (2)
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Determine ratio of heat to electricity generated
by the biomass CHP system

# (>1)***

Calculate DELIVERED electricity requirement
substituted by electricity generated by biomass CHP

kWh/year (13) = (3) x (4) x (12)

Calculate remaining requirement for DELIVERED
electricity after application of biomass CHP

kWh/year

(14) = (11) - (13)

Look up carbon emissions factor for electricity

kgC/kWh

(15)**

Calculate carbon emissions due to DELIVERED
electricity in building with biomass CHP

kgC/year

(16) = (14) x (15)

Calculate total building carbon emissions in
building with biomass combined heat & power

kgC/year (17) = (10) + (16)

Calculate base building total carbon emissions

kgC/year

(18) = (6) x (9) +
(11) x (15)

Calculate reduction in carbon emissions due to
application of biomass combined heat & power

kgC/year

(19) = (18) (17)

Calculate percentage carbon emissions reduction
due to biomass combined heat & power

%

*
**
***
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(12)

(20) = (19)/(17)

letters relate to Table 8 showing end use breakdown of DELIVERED energy
see section 4.4 regarding selection of applicable emissions factors.
# indicates a number without units. CHP systems generally generate more heat than
electricity. Assume 2 (i.e. a ratio of heat : electricity of 2:1) unless a more accurate
figure is known
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4.5.6 GROUND SOURCE HEAT PUMPS
Base case used: Comparison is with a base building heated with gas. For
dwellings, application of ground source heat pump is accompanied by
removal of gas supply and use of electric cooking, water heating and
secondary heating (if required). For commercial and industrial buildings,
gas is retained for other uses and to meet peak space heating and hot
water demands. System sizing and calculation of carbon emissions
reduction is ‘design-led’ i.e. the system is sized to meet a proportion of
the predicted demand in the subject building.
N.B. The sizing calculation shown is suitable only to provide an early
indication of system size, carbon emissions reduction and cost based on
information for typical installations. It is NOT a design calculation. Expert
guidance should be sought for system design and sizing of ground source
heat pumps. To complete the calculation the values for the shaded
calculation steps (items Q, S and Z) must be determined first. The base
heating system efficiency and the CoP for the GSHP must also be known.
Description of calculation step

Value

Units

Calculation step*

Determine the total DELIVERED gas energy requirement
in the base building for end uses that are to be served
by GSHP. (Scenario calculations base GSHP sizing on
delivered energy for space heating and hot water.)

kWh/year

Determine heating system efficiency in base building

%

Calculate end use DEMAND met accounting
for system efficiency

kWh/year

Specify proportion of end use DEMAND met by GSHP

%

Calculate annual energy DEMAND for heating
& hot water met by GSHP

kWh/year

(5) = (3) x (4)

Specify CoP of the ground source heat pump

# (>1)**

(6)

Calculate electrical energy used by heat pump

kWh/year

(7) = (5)/(6)

Calculate total DELIVERED gas energy in base building

kWh/year

(8) = S

Calculate DELIVERED gas requirement substituted by GSHP

kWh/year

(9) = (5)/(2)

Calculate remaining requirement for DELIVERED gas
(to serve conventional heating & hot water, and
catering) after application of GSHP

kWh/year

(10) = (8) - (9)
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Look up carbon emissions factor for gas

kgC/kWh

(11)***

Calculate carbon emissions due to
DELIVERED gas in building with GSHP

kgC/year

(12) = (10) x (11)

Calculate total DELIVERED electricity in base building

kWh/year

(13) = Z

Calculate DELIVERED electricity
requirement for building with GSHP

kWh/year

(14) = (7) + (13)

Look up carbon emissions factor for electricity

kgC/kWh

(15)***

Calculate carbon emissions due to
DELIVERED electricity in building with GSHP

kgC/year

(16) = (14) x (15)

Calculate total building carbon emissions
in building with ground source heat pumps

kgC/year

(17) = (12) + (16)

Calculate base building total carbon emissions

kgC/year

(18) = (8) x (11) +
(13) x (15)

Calculate reduction in carbon emissions
due to application of ground source heat pumps

kgC/year

(19) = (18) - (17)

Calculate percentage carbon emissions reduction due to
application of ground source heat pumps

%

(20) = (19)/(17)

*
**
***

letters relate to Table 8 showing end use breakdown of DELIVERED energy
# indicates a number without units. CoPs are greater than 1.
see section 4.4 regarding selection of applicable emissions factors.

4.5.7 GROUND COOLING
Base case used: Reductions in energy demand due to ground cooling
technology are counted against refrigeration demand (referred to as
cooling in ECG019). Demand for fans, pumps and controls is assumed to
remain constant.
System sizing and calculation of carbon emissions reduction is ‘designled’ i.e. the system is sized to meet a proportion of the predicted demand
in the subject building.
System parameters ( (a) and (b) are used in the calculation below)
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Quantity

Abbreviation Value

Units

Identifier

Seasonal plant output per m2 of
ground coupled area

SPO

10

kWh/m2/year

(a)

Installed ground cooling capacity
rate per m2 of ground coupled area (GCA)

CCR

0.045

kW/m2 GCA

(b)

N.B. The sizing calculation shown is suitable only to provide an early
indication of system size, carbon emissions reduction and cost based on
information for typical installations. It is NOT a design calculation. System
design and sizing of ground cooling is a specialist activity and expert
guidance should be sought.
To complete the calculation the values for the shaded calculation steps
(items W, S and Z) must be determined first. The base refrigeration CoP
and performance characteristics of the ground cooling system must also
be known.
Description of calculation step

Value

Units

Calculation step*

Determine the total DELIVERED electricity requirement
for the end uses that are to be served by ground cooling.
(Scenario calculations base ground cooling sizing on
delivered electricity for refrigeration/cooling.)

kWh/year

(1) = W

Determine the coefficient of performance (CoP) for the
base building conventional refrigeration plant

# (>1)**

(2)

Calculate the end use refrigeration DEMAND met
allowing for base CoP

kWh/year

(3) = (1) x (2)

Specify the proportion of end use DEMAND met
by ground cooling

%

Calculate annual electricity DEMAND for
refrigeration met by ground cooling

kWh/year

Determine seasonal plant output per m2
of ground coupled area

kWh/m2
(GCA)/year

Calculate ground coupled area (GCA) to meet
cooling demand

m2 (GCA)

Determine installed ground cooling
capacity rate per m2 of ground couple area

kW/m2 GCA
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(5) = (3) x (4)
(6) = (a)
(7) = (5)/(6)
(8) = (b)
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Calculate installed capacity of ground
cooling system to meet predicted demand

kW

(9) = (7) x (8)

Calculate annual equivalent hours of full-load
operation of the ground cooling system

hours

(10) = (5)/(9)

Determine circulation pump capacity

kW

Calculation electrical energy used by ground
cooling circulation pump

kWh/year

(12) = (10) x (11)

Determine total DELIVERED electricity in base building

kWh/year

(13) = Z

Calculate DELIVERED electricity requirement
substituted by ground cooling

kWh/year

(14) = (1) x (4)

Calculate DELIVERED electricity requirement
for building with ground cooling

kWh/year

(15) = (13) - (14)
+ (12)

Look up carbon emissions factor for electricity

kgC/kWh

(16)****

Calculate carbon emissions due to DELIVERED
electricity in building with ground cooling

kgC/year

(17) = (15) x (16)

Calculate total DELIVERED gas energy in base building

kWh/year

(18) = S

Look up carbon emissions factor for gas

kgC/kWh

(19)****

Calculate carbon emissions due to DELIVERED
gas in building with ground cooling

kgC/year

(20) = (18) x (19)

Calculate total building carbon emissions with
ground cooling

kgC/year

(21) = (17) + (20)

Calculate base building total carbon emissions

kgC/year

(22) = (13) x (16)
+ (18) x (19)

Calculate reduction in carbon emissions due to
ground cooling

kgC/year

(23) = (22) - (21)

Calculate percentage carbon emissions reduction
due to application of ground cooling

%

(24) = (23)/(21)

*
**
***
****
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(11)***

letters relate to Table 8 showing end use breakdown of DELIVERED energy
# indicates a number without units. CoPs are greater than 1.
pump capacity depends on a number of factors including method of ground coupling,
pipe sizes, configuration and materials, flow rates, etc. and must be calculated or
estimated for the subject case.
see section 4.4 regarding selection of applicable emissions factors.
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4.6 CALCULATING THE COSTS OF TECHNICALLY FEASIBLE
RENEWABLE TECHNOLOGIES
Capital cost will play a major role in decision-making on which renewable
technologies to include in development proposals.
It is difficult to reliably predict the costs of integrating renewables as
these depend on many design, site and commercial factors. Costs are also
likely to change over time, as will the availability of government and
other grant funding.
The benefits of renewables (see section 4.7) should be taken into
account at the same time as costs, and decisions on which renewables to
include in design proposals should be based on as holistic an analysis of
costs and benefits as possible.
Bulk discounts may be available for some of the technologies (such as
solar water heating and photovoltaics). These will need to be negotiated
on an individual development basis.
Mid-range costs were used to generate the cost indications in the
reference tables in section 4.12. The reference tables also indicate the
likely impact of renewables costs on total development (build) costs.
GRANTS AND FINANCIAL INCENTIVES
Specific details of grant schemes are not included as many are due to
change. Instead, details of the government departments or organisations
that should be contacted for information on grants are provided. With
each organisation are very brief details of the kind of schemes that they
have funded. Section 5.3 covers the expected lifespan of the main
funding schemes.
4.6.1 DEPARTMENT FOR TRADE AND INDUSTRY, WWW.DTI.GOV.UK
DTI has provided grant funding for:
• Photovoltiacs for all sectors (including commercial). For example,
the Solar PV Grants programme administered by the Energy Saving
Trust, www.est.co.uk/solar, providing funding of between 40% and
60% of capital cost, depending on sector and size of installation.
• Small-scale renewables (including solar hot water, wind,
ground sourced heat pumps, pellet stoves, wood fuelled
boilers) for public-sector organisations, community groups and
charitable organisations. For example, the Clear Skies programme
administered by the BRE, www.clear-skies.org, providing fixed grants
for different technologies.
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4.6.2 DEPARTMENT FOR ENVIRONMENT, FOOD AND RURAL AFFAIRS,
WWW.DEFRA.GOV.UK
Defra has provided grant funding for:
• Community heating systems for public sector organizations. For
example, the Community Energy Programme administered by the
Energy Saving Trust, www.est.co.uk/communityenergy, providing
grants for feasibility studies and capital installation (up to 40% of
capital cost). This programme has funded the study outlined in section
3.2.3 under community heating systems.
4.6.3 OTHER ORGANISATIONS
The Carbon Trust (www.thecarbontrust.org.uk) and the Energy Saving
Trust (www.est.co.uk) should be approached for grant information.
The Carbon Trust runs a Research, Development and Demonstration
Programme http://www.thecarbontrust.co.uk/carbontrust/
low_carbon_tech/dlct2_1.html
Details on grants that are available can be found at
www.london.gov.uk/mayor/energy/renewable.jsp
4.6.4 ENERGY SUPPLIER GREEN ENERGY TARIFFS / FUNDS
A number of the energy suppliers have green funds, some of which fund
capital projects and feasibility studies for renewable energy schemes.
For example, London Energy has a Green Energy Tariff which funds
capital grants and feasibility studies looking into renewable energy
schemes. The maximum feasibility grant is £5,000 and the maximum
capital grant is £30,000. Where other grant programmes are available,
applicants must have applied for these grants as match funding. The
grants are aimed at not-for-profit organizations, charities and community
groups. Funding bids are again based on a competitive process, and
renewable energy technologies such as solar water heating are covered.
4.6.5 ENERGY EFFICIENCY COMMITMENT SCHEME - DOMESTIC ONLY
The Energy Efficiency Commitment (EEC) is a three-year programme that
requires obligated suppliers to meet an overall energy saving target of
62TWh by improving energy efficiency within households. Each company
has a target they must meet which is measured by the number of energy
saving schemes they fund.
Solar water heating systems and ground source heat pumps can be
funded under EEC.
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4.6.6 ENHANCED CAPITAL ALLOWANCES WWW.ECA.GOV.UK
Enhanced Capital Allowances (ECAs) enable a business to claim 100%
first-year capital allowances on their spending on qualifying plant and
machinery, including:
• Energy-saving plant and machinery including ground source heat
pumps, biomass boilers and solar thermal systems.
Businesses can write off the whole of the capital cost of their investment
in these technologies against their taxable profits of the period during
which they make the investment.
This can deliver a helpful cash flow boost and a shortened
payback period.
4.6.7 RENEWABLES OBLIGATION CERTIFICATES AND RENEWABLE ENERGY
GUARANTEE OF ORIGIN CERTIFICATES
The Renewables Obligation came into force in April 2002 as part of the
Utilities Act (2000). It requires power suppliers to supply a certain
amount of the electricity they supply to their customers from renewables.
This started at 3% in 2003, rising gradually to 10% by 2010 and 15% by
2015. Eligible renewable generators receive Renewables Obligation
Certificates (ROCs) for each MWh of electricity generated in a month.
ROCs are only available to generators producing more than 0.5MWh per
month from specified renewable sources. These certificates can then be
sold to suppliers, in order to fulfil their obligation. Suppliers can either
present enough certificates to cover the required percentage of their
output, or they can pay a ‘buyout’ price of £30/MWh for any shortfall.
All proceeds from buyout payments are recycled to suppliers in
proportion to the number of ROCs they present. ROCs can be freely
traded and the price varies according to the ratio of ROCs to buy outs
(which increase the overall value of the ROCs). ROCs have traded as high
as £47/MWh but there is no guarantee that they will remain at this price.
Renewable Energy Guarantee of Origin (REGO) Certificates have been
introduced to work alongside ROCs. These will be available in units of
1kWh, and are therefore much more suitable for small generators. This
scheme is being administrated by Ofgem.
ROCs can be used to advantage by Energy Service Companies involved in
renewable energy who can claim and sell them.
4.6.8 THIRD PARTY FINANCING AND ENERGY SERVICE COMPANIES
Renewable energy sources (and energy conservation measures) can be
provided by a third party (frequently called an Energy Service Company,
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ESCo) who pays the capital cost and gets a payback from the value of the
energy generated (or saved). The ‘risk’ associated with the provision is
thus the responsibility of the third party and not the developer or
tenant/owner. A contract is signed between the owner, tenant or possibly
the developer, which typically allows the ESCo to use the site to install the
technology and maintain it, whilst the owner agrees to buy electricity and
/or heat (at a fixed price) from the ESCo for a period of time. Other
financing agreements may be possible whereby the developer pays (some
of) the capital cost and provides the site, whilst the ESCo owns and
maintains the system and sells the electricity (and heat) to others.
Third party financing is commonly used for wind developments and can
be equally applicable to large energy saving schemes such as CHP.
Although the developer, tenant and owner may not necessarily use the
energy generated, this is an acceptable method of complying with the
Mayor’s renewables target.
4.7 ASSESSING THE BENEFITS OF TECHNICALLY FEASIBLE
RENEWABLE TECHNOLOGIES
Benefits from renewables can accrue particularly to the end user of the
building and the local and global environment but benefits to developers
can also be identified.
4.7.1 END USER BENEFITS - WHOLE LIFE COSTS
The inclusion of renewable energy in buildings usually results in running
cost savings (except for biomass where the fuel must be purchased), thus
offsetting the additional capital cost. However, the difficulty in using life
cycle costing in assessing new buildings with renewable energy, is that
most commonly the developer who pays the construction cost will not be
the occupier of the building who pays the fuel bills. There are three
common situations:
1. The building is developed by a private developer who will subsequently
rent and/or sell on the building to other organisations. In general,
developers will try to minimise capital cost consistent with supplying
an easily marketable building and fuel bills are unlikely to feature to
any significant extent. This may not be the case where a developer
wishes to present a green image to attract clients who have a similar
green commitment, and the extensive use of BREEAM in the
speculative office sector indicates the potential here.
2. The building is being built for a specific type of client who requires a
low energy building. Registered Social Landlords developing social
housing have a basic requirement to reduce the running costs for
tenants. Schools and other buildings being developed for local
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authority use may fall into the same category, since most local
authorities will have an active commitment to energy saving. This may
apply to other clients who have a green agenda.
3. The building is developed and occupied by the same organisation.
The owner will thus have a long term interest in the running costs,
and life cycle costing is a sensible approach to consider in the design
and construction of the building. Reduced fuel use costs are thus
likely to play a part, albeit small, in the overall assessment of the
value of the building.
Buildings constructed under the PFI initiative may use life cycle
approaches since the developer is contracted to manage the building for
a long period, usually at least 25 years. Fuel bills will be a factor in the
overall financial package and thus the benefits of renewable energy can
be taken into account.
The financial value of energy savings from renewable sources varies
greatly both for technical and for use reasons. If electricity generated can
all be used on the site, the value will be the same as that paid for grid
supply, while the payment for surplus electricity sold back to the grid will
depend on negotiation and is likely to be much less than that paid for
supply from the grid.
The different technologies supply very different quantities of energy, with
PV and solar water heating (normally) providing relatively small quantities
over a typical year. Large wind generators, at the other extreme, can
generate electricity for long periods of the year.
4.7.2 LOCAL AND GLOBAL BENEFITS
The environmental benefits are effectively captured and expressed in
terms of the carbon emissions reductions that have been calculated. There
are other potential benefits in terms of jobs, skills and community spirit,
which can be enhanced through careful consideration of the renewables to
be included in a development and links with local manufacturers, skilled
labour, educational and training establishments, etc.
4.7.3 DEVELOPER BENEFITS
Section 5.7 discusses the potential for developers to use renewable
technologies to market properties and developments.
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4.8 CALCULATING THE REDUCTION OF BASELINE CARBON
EMISSIONS FOR THE DEVELOPMENT
Sufficient information should now be available for developers to decide
which renewables to include as part of development proposals. Arriving at
a final proposal is likely to be an iterative process, particularly if efforts
are being made to meet applicable targets.
To support the process of arriving at a final proposal and calculating the
corresponding reduction in baseline carbon emissions for the
development, a calculation method and worked examples are set out
below. The worked example uses default values from the reference tables
in sections 4.12.1 to 4.12.14.
The calculation method suggests how to:
• Calculate the baseline carbon emissions of a development based on
the information available at the outline planning stage (floor areas of
each building type in the development plus roof and façade areas).
• Calculate the carbon emission reduction required to meet any
applicable target(s).
• Make decisions on the renewable technologies to apply to the
buildings on the site to meet the applicable target(s), based on the
likely technical feasibility and costs.
The same calculations can be used by development control officers or
their colleagues such as those working in planning policy, regeneration
or energy, to:
• Assess developer proposals for provision of renewables in
planning applications.
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The following quantities appear in the calculations:
Quantity

Units

Building annual carbon emissions rate

kgC/m2 floor area35

Build cost rate

£/m2 GIFA

Renewable energy system size

system size (kW or m2 panel
area)/m2 floor area35

Annual carbon savings rate in kg

kgC/m2 floor area35

Annual carbon savings as a % of base emissions

%

Renewables cost rate per functional unit

£/unit system size (kW or m2
panel area)

Renewables cost rate per m2 of building floor area

£/m2 floor area35

Building floor area for a building type

m2 floor area35

Site base annual carbon emissions

kgC/year

Carbon emissions reduction target

%

Site annual carbon emissions reduction target

kgC/year

Building annual carbon emissions reduction achieved
by applying a technology to a building type

kgC/year

Percentage of a building type with a technology

%

Site annual carbon emissions reduction achieved

kgC/year

Total renewable energy system size when applying a
technology to a building type

system size (kW or m2 panel
area)

LONDON RENEWABLES

133

Integrating energy into new developments: Toolkit for planners, developers and consultants

4.8.1 CALCULATION METHOD
The shading of text in the calculation table highlights quantities that can
be looked up in the reference tables in section 4.12.
Equation 1. Calculation process for developers (or their consultants):
Baseline carbon emissions and reductions from renewable sources.
Calculation steps
1 Calculate baseline carbon emissions for the site using benchmarks
or own calculations.
You can either use the baseline carbon emissions figures shown in the
scenario tables (4.12), or use an acceptable calculation method as in section
4.3.2 for each building type and the carbon emission factor in section 4.4.
If using the scenario table figures:
Annual baseline carbon emissions of each building
=
Floor area of each building
x
Baseline carbon emissions for that building type
Add all the annual baseline carbon emissions of each building to get the
site’s Total Annual Baseline Carbon Emissions.
2 Determine the Annual Carbon Emissions Reduction Target
for the site
Multiply the required percentage target by the site’s Total Annual
Baseline Carbon Emissions to give the site’s Annual Carbon Emissions
Reduction Target.
Annual Carbon Emissions Reduction Target (kgC/year)
=
Carbon Reduction Target (%)
x
Total Annual Baseline Carbon Emissions
3 Decide which renewable technologies will be considered, for each
building type
Choose appropriate renewable sources - e.g. using guidance provided in the
toolkit, for example sections 4.1, 4.2, 4.5, 4.12 or use own selection process.
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4 Calculate the annual carbon emissions reduction of each of the
renewable sources
For ‘design-led’ renewable sources - all those that are meeting part or all
of a heating or cooling load (using figures from tables in section 4.12 or
calculated according to section 4.5):
Building annual carbon emissions reduction
=
Proportion of total area to which technology is applied
x
Total area of that building type on the site
x
Annual carbon savings rate for the technology in this scenario
For renewable sources where system sizing is ‘discretionary’ (PV and wind):
Building Annual Carbon Emissions Reduction
=
Installation size in m2 or kW of peak capacity
x
Annual carbon savings rate for the technology in this scenario
The scenario tables in section 4.13 show the installed capacities of selected
technologies to achieve 5, 10 or 15% carbon emissions reductions, which
may help when considering system sizes and doing calculations.
5 Calculate the total annual carbon emissions reduction achieved by
applying all renewable sources
Site annual carbon emissions reduction
=
Sum of building annual carbon emissions reductions for each
renewable source applied
6 Compare the annual carbon emissions reductions achieved, with
the annual carbon emissions reduction target
If the combination of renewable sources does not meet the applicable target
repeat choices and calculation from steps 3-6 until the target is achieved.
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4.8.2 WORKED EXAMPLE
Medium density housing development with Mixed-uses
An outline planning application is to be submitted for a development
with the following mix of uses:
Building type

Description

1

70 dwellings consisting of a mixture of row/town houses and 4 blocks of
3/4 storey flats with an overall average 76m2 GIFA

2

500m2 of flexible office space

The developer wants to look at options for, and cost of reducing
the development’s carbon emissions by 10% from the level of a
reference development.
Equation 2

Worked example of carbon emissions reduction calculations.

Calculation steps
1 Calculate baseline carbon emissions for the site using benchmarks
or own calculations.
a) Total building floor areas
• Floor area of medium density housing
= Number of dwellings x floor area
= 50 x 76 = 5,320m2
• Floor area of offices = 500m2.
b) Baseline carbon emissions by building type
Baseline carbon emissions for medium density housing= 8.33
kgC/m2/year
Baseline carbon emissions for standard offices = 8.06
kgC/m2/year
c) Site’s baseline annual carbon emissions=
(Baseline carbon emissions for medium density housing
x floor area of dwellings)
+ (Baseline carbon emissions for offices x floor area of offices)
= (8.33 x 5,320) + (8.06 x 500)
= 44,316 + 4,030 = 48,345 kgC/year
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2 Determine the Annual Carbon Emissions Reduction Target
for the site
d)

Carbon emissions reduction target = 10%

e) Site’s annual carbon emissions reduction target.
Target x site’s baseline annual emissions
= 10% x 48,345
= 4,835 kgC/year
3 Decide which renewable technologies will be considered, for each
building type
f) The developer decides to look at applying solar water heating to the 15
row houses that account for 25% of the housing floor area and
communal biomass heating to one block of 12 managed flats, accounting
for a further 12.5% of the total housing area.
[Second iteration: the developer decides the simplest way to meet the
target is to fit a 40m2 rooftop PV system to the same managed block of
flats, effectively sizing it to meet 1% of the energy demand of ALL the
dwellings on the site].
4 Calculate the annual carbon emissions reduction of each of the
renewable sources
g) For ‘design-led’ renewable energy technologies:
Building annual carbon emissions reduction for solar water heating
applied to medium density suburban housing =
Proportion of total area to which solar water heating is applied
x Total area of housing on the site
x Annual carbon savings rate for solar water heating
= 25% x 5,320 x 1.08
= 1,436 kgC/year
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Building annual carbon emissions reduction for biomass heating applied
to medium density suburban housing =
Proportion of total area to which biomass heating is applied
x Total area of housing on the site
x Annual carbon savings rate for biomass heating
= 12.5% x 5,320 x 4.49
= 2,986 kgC/year
h) Second iteration: For renewables where system sizing is ‘discretionary’:
Building annual carbon emissions reduction for 40m2 rooftop PV =
Installation size in m2x Annual carbon savings rate for rooftop PV
= 40 x 11.3
= 452kgC/year
(Note: the size of PV panel to produce 1% CO2 savings for the dwellings
on the site can be calculated from the tables in section 4.13 presenting
the results of the feasibility study:
Required panel area =
Floor area of housing x (system size/m2 panel for 10% saving/10)
= 5,320 x 0.074/10
= 39.4m2
5 Calculate the total annual carbon emissions reduction achieved by
applying all renewable sources
i) [First iteration]
Site Annual Carbon emissions reduction=
Carbon reductions from solar water heating
+ Carbon reductions from biomass heating
=1,436 + 2,986
= 4,422 kgC/year
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j) [Second iteration]
Site Annual Carbon emissions reduction=
Carbon reductions from Solar water heating + Carbon reductions from
biomass heating
+ Carbon reductions from PV
=1,436 + 2,986 + 452
= 4,874 kgC/year
6 Compare the annual carbon emissions reductions achieved with
the annual carbon emissions reduction target
k) [First Iteration] The predicted reduction of 4,422 kgC/year is less than
the target of 4,835 kgC/year (a reduction of ~9.1% compared to the
target of 10%). The developer decides to see what it would take to close
the gap and meet the target. [Go back to f) for the second iteration.]
l) [Second Iteration] The predicted reduction of 4,874 kgC/year exceeds
the target of 4,835 kgC/year (a reduction of almost exactly 10%). The
developer can now look at the cost implications of this package of
renewables and/or try other options.
4.9 INCLUDING RENEWABLES PROPOSALS IN THE
PLANNING APPLICATION
The developer should present proposals for the inclusion of renewable
energy in a planning application in a way that planners will find familiar
and helpful.
Planners will be looking to assess these proposals and judge whether they
respond adequately to relevant policies and whether any applicable
targets have been met.
The preceding sections 4.1 to 4.8 will generate much of the information
that is of use to planners. Some of these sections include explicit
guidance on the content and format of information that could be
included in a planning application.
In summary, developers should consider including the following information
on their renewable energy proposals as part of their application:
1 A list of technologies that were considered for the site indicating those
that were the subject of a formal feasibility study. Where technologies
were ruled out without a formal feasibility study it would be
appropriate to include a brief explanation.
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2 The base annual predicted energy demand of the development after
the application of suitable energy efficiency measures and
technologies (including CHP) but before the integration of
renewables. Table 7 in section 4.4 suggests a format for this
information. Corresponding calculations including information on the
basis of delivered energy figures used (e.g. benchmarks, modelling,
etc.) would be included as an annex.
3 The baseline carbon emissions of the development corresponding to
the base annual predicted energy demand. Table 7 in section 4.4
suggests a format for this information.
4 The contribution to carbon emissions reduction of each renewable
technology included in the planning application. Corresponding
calculations would be included as an annex.
5 An appropriate form of cost information where this was a factor in
ruling out renewable technologies that were subject to a formal
feasibility study.
6 A summary of the benefits of renewables included in the application,
e.g. running cost reductions or other whole life benefits to building
end users.
7 The reduction in the development’s baseline carbon emissions
achieved by the inclusion of renewables in the planning application.
4.10 LIAISING/NEGOTIATING WITH DEVELOPERS ON INCLUSION
OF RENEWABLES
The policy summary and technology guide in the early chapters of this
toolkit provide a useful starting point for planning authorities to increase
their awareness and understanding of renewable energy technologies and
the related planning context. This section (section 4) of the toolkit
provides the additional tools and reference material to allow planners to
arrive at their own objective, qualitative and quantitative assessment of
the options and scope for renewables on a specific site, including an
appreciation of likely constraints, costs and carbon savings.
This information should be used to liaise and negotiate effectively
with developers.
There are many other items which may also be up for negotiation with in
planning discussions such as affordable housing, transport, green space etc.
The planning authority must have a clear view of the relative importance of
each of these for each development site under consideration.
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4.11 ASSESSING RENEWABLES PROPOSALS INCLUDED IN THE
PLANNING APPLICATION
Once a planning application has been submitted, the role of the planning
authority in relation to renewables is to assess any proposals for the
inclusion of renewable technologies. In reaching a judgement, it may be
necessary to ‘shadow’ the investigation and calculation process
recommended to the developer as set out in sections 4.1 to 4.9.
Where a developer has not presented clear and transparent proposals for
inclusion of renewables, planners may wish to undertake their own
calculations to determine:
• An indication of the likely baseline carbon emissions of the
development and hence an estimation of the target for carbon
emissions reduction (if a target applies)
• An estimate of the carbon emissions reduction that is likely to be
achieved as a result of the inclusion of renewable technologies
proposed in the application.
Planners should use Equation 1, in section 4.8.1 and the worked example
in section 4.8.2.
4.12 REFERENCE TABLES
Sections 4.12.1 to 4.12.14 present reference tables to support
calculations outlined in preceding sections. Each table presents results for
a scenario, where a scenario consists of a particular type of building
(dwelling, office, industrial unit, etc.) on a site in a particular type of
location (town centre, suburban and infill). The tables are included as a
point of reference for developers and planners who are calculating:
• Baseline carbon emissions for a development,
• The contribution of renewable energy technologies to reducing
baseline to carbon emissions,
• The cost of integrating renewable energy technologies.
The results in the reference tables can be used as defaults where this is
judged to be appropriate.
Please note: The costs of the renewable energy sources used in the
analysis are based on estimates of current market prices of installed
systems obtained from a number of sources, including the work for
revision of the Building Regulations 2005, and recent case studies. They
are used only to give very general guidance and accurate costing needs
to be carried out for each installation.
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HOW TO READ THE TABLES
Each of the following tables presents the results of the calculations for
one development scenario (= building type + location type).
i The text on the top right above the table presents the base annual
carbon emissions and typical development build cost rate for the
scenario (=building type + location type). The build cost rate is based
on build costs to achieve current building regulations.
ii The table includes only the technologies judged most likely to be
feasible for that scenario.
iii The most important values for use in calculations (annual carbon
emissions and annual carbon savings for the technologies) are
distinctively shaded, matching the shading in the calculation method
set out in section 4.8.1 and the worked example in section 4.8.2. The
annual carbon savings rate has been calculated from first principles
using the methodology for each technology in section 4.5.
iv In the area of the table headed ‘system size’, where quantities are
presented in /m2 units, this means per square metre of building in
the units shown -gross internal (GIFA), sales (SFA) or treated floor
area (TFA).
v Quantities shown as m2/m2 refer to square metres of panel area (solar
or PV) per square metre of building.
vi Capital cost rate (extra) is the marginal cost of the renewable
technology, i.e. cost of renewable system minus the cost of any
conventional technology or building components replaced.
vii SH+DHW indicates Space Heating and Domestic Hot Water.
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4.12.1 TOWN CENTRE RETAIL BLOCK
annual carbon emissions
build cost rate

Discretionary system
sizing

Design-led technologies (sized to meet proportion of specified
end use demand)

RES options

system size

annual carbon savings

37.73
£850

capital cost rate (extra)

kgC/m 2 SFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

0.035

kW/m 2
SFA

2.04

kgC/m 2
SFA

5.4%

800 £/kW

£27.81 /m 2 SFA

annual
SH+DHW
(50%)

2.2%

0.070

kW/m 2
SFA

4.08

kgC/m 2
SFA

10.8%

800 £/kW

£55.61 /m 2 SFA

annual
SH+DHW
(100%)

4.4%

0.133

kW/m 2
SFA

1.07

kgC/m 2
SFA

2.8%

200 £/kW

£26.66 /m 2 SFA

annual
cooling
(50%)

2.1%

0.267

kW/m 2
SFA

2.34

kgC/m2
SFA

6.2%

200 £/kW

£53.33 /m 2 SFA

annual
cooling
(100%)

4.3%

0.0062

m 2 /m 2
SFA

0.16

kgC/m 2
SFA

0.4%

400

£/m 2
panel

£2.48 /m 2 SFA

annual
DHW
(50%)

0.2%

PV
(rooftop)

11.30

kgC/m 2
panel

850

£/m 2
panel

electricity

PV
(cladding)

8.92

kgC/m 2
panel

85

£/m 2
panel

electricity

Ground
sourced
heat
pumps

Ground
cooling

Solar
water
heating

Notes to the table:
1 All renewable energy system data is calculated on the basis of Sales Floor Area
2 Reference development costs are quoted in Gross Internal Floor Area
3 PV: total system size is constrained by available roof and/or façade area
4 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
5 PV Cladding: assumes PV replaces high quality, high cost cladding e.g. marble. The cost /m2 shown is the over cost on high quality
cladding.
6 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.2 TOWN CENTRE SMALL RETAIL UNIT
annual carbon emissions
build cost rate

Design-led system sizing

RES options

Ground
sourced
heat
pumps

system size

annual carbon savings

21.62
£750

kgC/m 2 SFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

capital cost rate (extra)

0.0067

kW/m 2
SFA

1.23

kgC/m 2
SFA

5.7%

800 £/kW

£5.37 /m 2 SFA

annual
SH+DHW
(50%)

0.5%

0.013

kW/m 2
SFA

2.47

kgC/m 2
SFA

11.4%

800 £/kW

£10.73 /m 2 SFA

annual
SH+DHW
(100%)

1.1%

Notes to the table:
1 All renewable energy system data is calculated on the basis of Sales Floor Area
2 Reference development costs are quoted in Gross Internal Floor Area
2
3 The scenario consists of 5 retail units each with a sales area of 200m .
4 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.3 TOWN CENTRE PRESTIGE OFFICE
annual carbon emissions
build cost rate

Discretionary system
sizing

Design-led technologies (sized to meet proportion
of specified end use demand)

RES options

system size

annual carbon savings

33.07
£1,800

capital cost rate (extra)

kgC/m 2 TFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

0.019

kW/m 2
TFA

1.13

kgC/m 2
TFA

3.4%

800 £/kW

£15.34 /m 2 TFA

annual
SH+DHW
(50%)

0.7%

0.038

kW/m 2
TFA

2.25

kgC/m 2
TFA

6.8%

800 £/kW

£30.67 /m 2 TFA

annual
SH+DHW
(100%)

1.4%

0.118

kW/m 2
TFA

1.00

kgC/m 2
TFA

3.0%

200 £/kW

£23.63 /m 2 TFA

annual
cooling
(50%)

1.1%

0.236

kW/m 2
TFA

2.21

kgC/m 2
TFA

6.7%

200 £/kW

£47.25 /m 2 TFA

annual
cooling
(100%)

2.2%

PV
(rooftop)

11.30

kgC/m 2
panel

850

£/m 2
panel

electricity

PV
(cladding)

8.92

kgC/m 2
panel

85

£/m 2
panel

electricity

Ground
sourced
heat
pumps

Ground
cooling

Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 Reference development costs are quoted in Gross Internal Floor Area
3 Base costs include Category A fit-out but exclude tenants fit-out
4 PV: total system size is constrained by available roof and/or façade area
5 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
6 PV Cladding: assumes PV replaces high quality, high cost cladding e.g. marble. The cost /m2 shown is the over cost on high quality
cladding.
7 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.4 SUBURBAN STANDARD OFFICE
19.96
£1,400

kgC/m 2 TFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

system size

0.017

kW/m 2
TFA

1.02

kgC/m 2
TFA

5.1%

800 £/kW

£13.90 /m 2 TFA

annual
SH+DHW
(50%)

0.9%

0.035

kW/m 2
TFA

2.04

kgC/m 2
TFA

10.2%

800 £/kW

£27.81 /m 2 TFA

annual
SH+DHW
(100%)

1.8%

0.079

kW/m 2
TFA

0.67

kgC/m 2
TFA

3.4%

200 £/kW

£15.75 /m 2 TFA

annual
cooling
(50%)

1.0%

0.158

kW/m 2
TFA

1.47

kgC/m 2
TFA

7.4%

200 £/kW

£31.50 /m 2 TFA

annual
cooling
(100%)

2.0%

0.043

kW/m 2
TFA

1.73

kgC/m 2
TFA

8.7%

200 £/kW

£8.60 /m 2 TFA

annual
SH+DHW
(33%)

0.6%

0.065

kW/m 2
TFA

2.62

kgC/m 2
TFA

13.1%

200 £/kW

£13.03 /m 2 TFA

annual
SH+DHW
(50%)

0.8%

0.0062

m 2 /m 2
TFA

0.17

kgC/m 2
TFA

0.9%

400

£/m 2
panel

£2.48 /m 2 TFA

annual
DHW
(50%)

0.2%

PV
(rooftop)

11.30

kgC/m 2
panel

850

£/m 2
panel

electricity

Wind

289.80

kgC/kW

1000 £/kW

electricity

Discretionary system
sizing

RES options

Design-led technologies (sized to meet proportion of specified end use demand)

annual carbon emissions
build cost rate

Ground
sourced
heat
pumps

annual carbon savings

capital cost rate (extra)

Ground
cooling

Biomass
heating

Solar
water
heating

Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 Reference development costs are quoted in Gross Internal Floor Area
3 Base costs include Category A fit-out but exclude tenants fit-out
4 PV: total system size is constrained by available roof and/or façade area
5 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
6 Wind: The use of wind generators will require detailed site analysis
7 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.5 INFILL NATURALLY VENTILATED OFFICE
annual carbon emissions
build cost rate

Discretionary
sizing

Design-led technologies (sized to meet proportion of specified
end use demand)

RES options

Ground
sourced
heat
pumps

system size

annual carbon savings

8.06
£1,200

capital cost rate (extra)

kgC/m 2 TFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

0.014

kW/m 2
TFA

0.83

kgC/m 2
TFA

10.3%

800 £/kW

£11.32 /m 2 TFA

annual
SH+DHW
(50%)

0.9%

0.028

kW/m 2
TFA

1.66

kgC/m 2
TFA

20.6%

800 £/kW

£22.65 /m 2 TFA

annual
SH+DHW
(100%)

1.8%

0.035

kW/m 2
TFA

1.41

kgC/m 2
TFA

17.5%

200 £/kW

£7.01 /m 2 TFA

annual
SH+DHW
(33%)

0.6%

0.053

kW/m 2
TFA

2.13

kgC/m 2
TFA

26.5%

200 £/kW

£10.62 /m 2 TFA

annual
SH+DHW
(50%)

0.8%

0.0062

m 2 /m 2
TFA

0.14

kgC/m 2
TFA

1.8%

200

£/m 2
panel

£1.24 /m 2 TFA

annual
DHW
(50%)

0.1%

11.30

kgC/m 2
panel

850

£/m 2
panel

Biomass
heating

Solar
water
heating

PV
(rooftop)

electricity

Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 Reference development costs are quoted in Gross Internal Floor Area
3 Base costs include Category A fit-out but exclude tenants fit-out
4 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
5 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.6 SUBURBAN INDUSTRY
annual carbon emissions
build cost rate

kgC/m 2 GIFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

capital cost rate (extra)

system size

0.033

kW/m 2
GIFA

1.93

kgC/m 2
GIFA

11.5%

800 £/kW

annual
£26.28 /m 2 GIFA SH+DHW
(50%)

4.8%

0.066

kW/m 2
GIFA

3.86

kgC/m 2
GIFA

23.0%

800 £/kW

annual
£52.56 /m 2 GIFA SH+DHW
(100%)

9.6%

0.081

kW/m 2
GIFA

3.27

kgC/m 2
GIFA

19.4%

200 £/kW

annual
£16.26 /m 2 GIFA SH+DHW
(33%)

3.0%

0.123

kW/m 2
GIFA

4.95

kgC/m 2
GIFA

29.5%

200 £/kW

annual
£24.64 /m 2 GIFA SH+DHW
(50%)

4.5%

0.009

kWe/m 2
GIFA

6.26

kgC/m 2
GIFA

37.3%

2720 £/kWe

annual
£23.59 /m 2 GIFA SH+DHW
(33%)

4.3%

0.013

kWe/m 2
GIFA

9.48

kgC/m 2
GIFA

56.4%

2720 £/kWe

annual
£35.74 /m 2 GIFA SH+DHW
(50%)

6.5%

m 2 /m 2
GIFA

0.16

kgC/m 2
GIFA

1.0%

PV
(rooftop)

11.30

kgC/m 2
panel

Wind

289.80

kgC/kW

Discretionary system
sizing

RES options

Design-led technologies (sized to meet proportion of specified end use demand)

annual carbon savings

16.80
£550

Ground
sourced
heat
pumps

Biomass
heating

Biomass
CHP

Solar
water
heating

0.0062

annual
DHW
(50%)

400

£/m 2
panel

850

£/m 2
panel

electricity

1000 £/kW

electricity

£2.48 /m 2 GIFA

0.5%

Notes to the table:
1 Both renewable energy system data AND reference development costs are quoted on the basis of Gross Internal Floor Area (GIFA)
2 Underlying benchmark energy use data are assumed to include only a SMALL component of process energy.
3 Biomass CHP: small system sizes (below e.g. 50kWe) are unlikely to be available
4 Biomass CHP: This is still (in 2004) an emerging technology and requires detailed investigation
5 Note for future reference with regards calculations: where energy use is known for specific industrial processes, this should be added,
which may affect the technical feasibility (by increasing demand above a threshold where e.g. biomass CHP engines become
6 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
7 Wind: The use of wind generators will require detailed site analysis
8 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.7 SUBURBAN WAREHOUSE AND DISTRIBUTION
annual carbon emissions
build cost rate

Discretionary system
sizing

Design-led system sizing

RES options

system size

annual carbon savings

capital cost rate (extra)

10.63
£400

kgC/m 2 GIFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

0.024

kW/m 2
GIFA

1.42

kgC/m 2
GIFA

13.4%

800 £/kW

annual
£19.35 /m 2 GIFA SH+DHW
(50%)

4.8%

0.048

kW/m 2
GIFA

2.84

kgC/m 2
GIFA

26.7%

800 £/kW

annual
£38.70 /m 2 GIFA SH+DHW
(100%)

9.7%

PV
(rooftop)

11.30

kgC/m 2
panel

850

£/m 2
panel

electricity

Wind

289.80

kgC/kW

850 £/kW

electricity

Ground
sourced
heat
pumps

Notes to the table:
1 Both renewable energy system data AND reference development costs are quoted on the basis of Gross Internal Floor Area (GIFA)
2 Wind: The use of wind generators will require detailed site analysis
3 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
4 Shaded column refers to calculation stage detailed in section 4.8.1

LONDON RENEWABLES

149

Integrating energy into new developments: Toolkit for planners, developers and consultants

4.12.8 TOWN CENTRE HOTEL

system size

0.036

kW/m 2
TFA

2.13

0.073

kW/m 2
TFA

4.26

0.066

kW/m 2
TFA

0.133

Discretionary system
sizing

RES options

Design-led technologies (sized to meet proportion of specified end use demand)

annual carbon emissions
build cost rate

annual carbon savings

26.55
£2,200

kgC/m 2 TFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

capital cost rate (extra)

8.0%

800 £/kW

£29.03 /m 2 TFA

annual
SH+DHW
(50%)

1.2%

kgC/m 2
TFA

16.0%

800 £/kW

£58.05 /m 2 TFA

annual
SH+DHW
(100%)

2.4%

0.39

kgC/m 2
TFA

1.5%

200 £/kW

£13.28 /m 2 TFA

annual
cooling
(50%)

0.5%

kW/m 2
TFA

1.07

kgC/m 2
TFA

4.0%

200 £/kW

£26.55 /m 2 TFA

annual
cooling
(100%)

1.1%

0.010

kWe/m 2
TFA

6.91

kgC/m 2
TFA

26.0%

2720.385 £/kWe

£26.06 /m 2 TFA

annual
SH+DHW
(33%)

1.1%

0.015

kWe/m 2
TFA

10.47

kgC/m 2
TFA

39.5%

2720.385 £/kWe

£39.48 /m 2 TFA

annual
SH+DHW
(50%)

1.6%

0.045

m 2 /m 2
TFA

1.35

kgC/m 2
TFA

5.1%

£17.96 /m 2 TFA

annual
DHW
(50%)

0.7%

PV
(rooftop)

11.30

PV
(cladding)

8.92

Ground
sourced
heat
pumps

kgC/m 2
TFA

Ground
cooling

Biomass
CHP

Solar
water
heating

400

£/m 2
panel

kgC/m 2
panel

850

£/m 2
panel

electricity

kgC/m 2
panel

85

£/m 2
panel

electricity

Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 Biomass CHP: small system sizes (below e.g. 50kWe) are unlikely to be available
3 Biomass CHP: This is still (in 2004) an emerging technology and requires detailed investigation
4 PV: total system size is constrained by available roof and/or façade area
5 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
6 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.9 SUBURBAN CARE HOMES AND SHELTERED HOUSING
annual carbon emissions
build cost rate

Discretionary
sizing

Design-led technologies (sized to meet proportion of specified
end use demand)

RES options

Ground
sourced
heat
pumps

system size

annual carbon savings

10.95
£1,200

capital cost rate (extra)

kgC/m 2 TFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

0.019

kW/m 2
TFA

1.13

kgC/m 2
TFA

10.3%

800 £/kW

£15.34 /m 2 TFA

annual
SH+DHW
(50%)

1.2%

0.038

kW/m 2
TFA

2.25

kgC/m 2
TFA

20.6%

800 £/kW

£30.67 /m 2 TFA

annual
SH+DHW
(100%)

2.4%

0.047

kW/m 2
TFA

1.91

kgC/m 2
TFA

17.4%

200 £/kW

£9.49 /m 2 TFA

annual
SH+DHW
(33%)

0.8%

0.072

kW/m 2
TFA

2.89

kgC/m 2
TFA

26.4%

200 £/kW

£14.38 /m 2 TFA

annual
SH+DHW
(50%)

1.1%

0.0062

m 2 /m 2
TFA

0.17

kgC/m 2
TFA

1.5%

400

£/m 2
panel

£2.48 /m 2 TFA

annual
DHW
(50%)

0.2%

11.30

kgC/m 2
panel

850

£/m 2
panel

Biomass
heating

Solar
water
heating

PV
(rooftop)

electricity

Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 PV: total system size is constrained by available roof and/or façade area
3 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
4 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.10 SUBURBAN MEDIUM DENSITY HOUSING
annual carbon emissions
build cost rate

Discretionary sizing

Design-led technologies (sized to
meet proportion of specified end use
demand)

RES options

system size

Ground
sourced
heat
pumps

kW/m 2
0.033
GIFA

Biomass
heating

0.145

Solar
water
heating

0.035

annual carbon savings

8.33
£1,100

kgC/m 2 GIFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

capital cost rate (extra)

1000 £/kW

peak SH
(50%),
£32.81 /m 2 GIFA
annual
SH+DHW
(85%)

3.0%

53.9%

200 £/kW

annual
£28.95 /m 2 GIFA SH+DHW
(100%)

2.6%

13.0%

400

£/m 2
panel

850

£/m 2
panel

electricity

2000 £/kW

electricity

1.32

kgC/m 2
GIFA

15.8%

kW/m 2
GIFA

4.49

kgC/m 2
GIFA

m 2 /m 2
GIFA

1.08

kgC/m 2
GIFA

PV
(rooftop)

11.30

kgC/m 2
panel

Wind

289.80

kgC/kW

£14.02 /m 2 GIFA

annual
DHW
(50%)

1.3%

Notes to the table:
1 Both renewable energy system data AND reference development costs are quoted on the basis of Gross Internal Floor Area (GIFA)
2 Biomass heating: Cost of district heating network not included
3 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
4 Wind: The use of wind generators will require detailed site analysis
5 Wind: It is assumed that private wire is not practical due to market regulations so power generated is exported to the grid. However,
renewable energy generated from sources within the curtilage of the site can be included in calculations of carbon emission reductions
6 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.11 INFILL MEDIUM DENSITY HOUSING
annual carbon emissions
build cost rate

Design-led technologies (sized to
meet proportion of specified end use
demand)

system size

Ground
sourced
heat
pumps

kW/m 2
0.033
GIFA

Biomass
heating

0.145

Solar
water
heating

0.035

Discretionary
sizing

RES options

PV
(rooftop)

annual carbon savings

8.33
£1,400

capital cost rate (extra)

kgC/m 2 GIFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

1000 £/kW

peak SH
(50%),
£32.81 /m 2 GIFA
annual
SH+DHW
(85%)

2.3%

53.9%

200 £/kW

annual
£28.95 /m 2 GIFA SH+DHW
(100%)

2.1%

13.0%

400

£/m 2
panel

850

£/m2
panel

1.32

kgC/m 2
GIFA

15.8%

kW/m 2
GIFA

4.49

kgC/m 2
GIFA

m 2 /m 2
GIFA

1.08

kgC/m 2
GIFA

11.30

kgC/m2
panel

£14.02 /m 2 GIFA

annual
DHW
(50%)

1.0%

electricity

Notes to the table:
1 Both renewable energy system data AND reference development costs are quoted on the basis of Gross Internal Floor Area (GIFA)
2 Biomass heating: Cost of district heating network not included
3 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
4 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.12 TOWN CENTRE RESIDENTIAL TOWER
annual carbon emissions
build cost rate

Discretionary system
sizing

Design-led technologies (sized to meet proportion
of specified end use demand)

RES options

system size

annual carbon savings

7.87
£1,600

kgC/m 2 GIFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

capital cost rate (extra)

0.131

kW/m 2
GIFA

4.07

kgC/m 2
GIFA

51.7%

200 £/kW

annual
£26.21 /m2 GIFA SH+DHW
(100%)

1.6%

0.0035

kWe/m 2
GIFA

2.61

kgC/m 2
GIFA

33.2%

2720 £/kWe

annual
£9.41 /m 2 GIFA SH+DHW
(33%)

0.6%

0.0064

kWe/m 2
GIFA

3.90

kgC/m 2
GIFA

49.6%

2720 £/kWe

annual
£17.29 /m 2 GIFA SH+DHW
(50%)

1.1%

m 2 /m 2
GIFA

1.08

kgC/m 2
GIFA

13.7%

PV
(rooftop)

11.30

PV
(cladding)

8.92

Biomass
heating

Biomass
CHP

Solar
water
heating

0.035

annual
DHW
(50%)

400

£/m 2
panel

kgC/m 2
panel

850

£/m 2
panel

electricity

kgC/m 2
panel

1375

£/m 2
panel

electricity

£14.07 /m 2 GIFA

0.9%

Notes to the table:
1 Both renewable energy system data AND reference development costs are quoted on the basis of Gross Internal Floor Area (GIFA)
2 Biomass heating: Cost of communal heating pipework not included
3 Biomass CHP: small system sizes (below e.g. 50kWe) are unlikely to be available
4 Biomass CHP: This is still (in 2004) an emerging technology and requires detailed investigation
5 PV: total system size is constrained by available roof and/or façade area
6 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
7 PV: as cladding it is assumed that material replaced is low cost therefore net cost of PV is taken as full cost
8 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.13 SUBURBAN PRIMARY OR SECONDARY SCHOOL
annual carbon emissions
build cost rate

Discretionary system
sizing

Design-led technologies (sized to meet proportion of specified
end use demand)

RES options

system size

annual carbon savings

9.60
£1,200

capital cost rate (extra)

kgC/m 2 TFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

0.022

kW/m 2
TFA

1.49

kgC/m 2
TFA

15.5%

1000 £/kW

£22.22 /m 2 TFA

annual
SH+DHW
(50%)

1.8%

0.044

kW/m 2
TFA

2.61

kgC/m 2
TFA

27.2%

1000 £/kW

£44.43 /m 2 TFA

annual
SH+DHW
(100%)

3.5%

0.055

kW/m 2
TFA

2.21

kgC/m 2
TFA

23.0%

200 £/kW

£11.00 /m 2 TFA

annual
SH+DHW
(33%)

0.9%

0.083

kW/m 2
TFA

3.35

kgC/m 2
TFA

34.9%

200 £/kW

£16.66 /m 2 TFA

annual
SH+DHW
(50%)

1.3%

0.0062

m 2 /m 2
TFA

0.17

kgC/m 2
TFA

1.8%

400

£/m 2
panel

£2.48 /m 2 TFA

annual
DHW
(50%)

0.2%

PV
(rooftop)

11.30

kgC/m 2
panel

850

£/m 2
panel

electricity

Wind

289.80

kgC/kW

1000 £/kW

electricity

Ground
sourced
heat
pumps

Biomass
heating

Solar
water
heating

Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
3 Wind: The use of wind generators will require detailed site analysis
4 Shaded column refers to calculation stage detailed in section 4.8.1
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4.12.14 SUBURBAN SPORTS CENTRE / HEALTH CLUB WITH POOL
annual carbon emissions
build cost rate

Discretionary system sizing

Design-led technologies (sized to meet proportion of specified end use
demand)

RES options

system size

annual carbon savings

36.69
£2,100

kgC/m 2 TFA
/m 2 GIFA

cost
end use
increase
(demand)
on base
met
build

capital cost rate (extra)

0.065

kW/m 2
TFA

3.79

kgC/m 2
TFA

10.3%

1000 £/kW

£64.50 /m 2 TFA

annual
SH+DHW
(50%)

2.9%

0.129

kW/m 2
TFA

7.57

kgC/m 2
TFA

20.6%

1000 £/kW

£129.00 /m 2 TFA

annual
SH+DHW
(100%)

5.8%

0.160

kW/m 2
TFA

6.42

kgC/m 2
TFA

17.5%

200 £/kW

£31.93 /m 2 TFA

annual
SH+DHW
(33%)

1.4%

0.242

kW/m 2
TFA

9.72

kgC/m 2
TFA

26.5%

200 £/kW

£48.38 /m 2 TFA

annual
SH+DHW
(50%)

2.2%

0.017

kWe/m 2
TFA

12.29

kgC/m 2
TFA

33.5%

2720.385 £/kWe

£46.32 /m 2 TFA

annual
SH+DHW
(33%)

2.1%

0.026

kWe/m 2
TFA

18.62

kgC/m 2
TFA

50.8%

2720.385 £/kWe

£70.19 /m 2 TFA

annual
SH+DHW
(50%)

3.2%

Solar
water
heating

55.83

kgC/m 2
panel

400

£/m 2
panel

hot water

PV
(rooftop)

11.30

kgC/m 2
panel

850

£/m 2
panel

electricity

Wind

289.80

kgC/kW

1000 £/kW

electricity

Ground
sourced
heat
pumps

Biomass
heating

Biomass
CHP

Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 Biomass CHP: This is still (in 2004) an emerging technology and requires detailed investigation
3 Solar water heating: discretionary system sizing used for this building type to reflect increased potential for application of the
technology
4 PV: total system size is constrained by available roof and/or façade area
5 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on
system selection.
6 Wind: The use of wind generators will require detailed site analysis
7 Shaded column refers to calculation stage detailed in section 4.8.1
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4.13 RESULTS OF THE FEASIBILITY STUDY
Sections 4.13 to 4.13.14 present the results of a feasibility study that was
conducted as part of the processes of preparing this toolkit. The study
looked at a selected number of development scenarios, where a scenario
consists of a particular type of building (dwelling, office, industrial unit, etc.)
on a site in a particular type of location (town centre, suburban and infill).
These can be used to give an indication of the types and sizes of
renewable energy systems appropriate for different developments.
Refer to the two columns in bold (% carbon saving and % increase in
build costs) for a quick indication of relative cost effectiveness of the
different technologies.
Please note: The costs of the renewable energy sources used in the
analysis are based on estimates of current market prices obtained from a
number of sources, including the work for revision of the Building
Regulations 2005 by ESD Ltd, and recent case studies. They are used
only to give very general guidance and accurate costing needs to be
carried out for each installation.
HOW TO READ THE TABLES
Each of the following tables presents the results of the calculations for
one development scenario (building type + location type), with the
renewable contributions calculated as in section 4.5.
i The strip on the top left summarises the scenario in terms of building
type, location and renewable technologies that are judged most likely
to be technically feasible.
ii The box on the top right provides further scenario information: the
number and floor area of buildings/units and the total development cost.
iii The main table includes the most feasible technologies for that
scenario (others may be suitable).
iv In the areas of the main table headed ‘Reference development’ and
‘system size’, where many quantities are presented in /m2 units, this
means per square metre of building in the units shown - either gross
internal (GIFA) or treated floor area (TFA).
v Quantities shown as m2/m2 refer to square metres of panel area (solar
or PV) per square metre of building.
vi In the column headed Renewable energy system capital cost rate/m2
means per square metre of panel area (solar or PV).
vii The scenario summary column shows the system size required and costs
for the number and size of buildings shown in the box on the top right.
viiiCosts per kgC can be calculated using the annual carbon savings
column and the additional capital cost column.
LONDON RENEWABLES
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ix Capital cost rate (extra) is the marginal cost of the renewable
technology, i.e. cost of renewable system minus the cost of any
conventional technology or building components replaced.
BASIS OF THE DEVELOPMENT SCENARIOS AND RENEWABLE ENERGY
SYSTEM CHOICES
The building type and location scenarios were chosen to reflect typical
examples of the more common developments coming forward for
planning consent in London. Minimum size considered was 10 housing
units and 1,000m2 of non-domestic building.
Appropriate renewable energy sources were selected taking into account:
location, energy uses in the building (applicable to hot water demand and
cooling demand only, as surplus electricity can be exported to the grid),
size and type of development and issues such as roof space for solar
applications. The choices of appropriate renewable sources was not
intended to exclude any source in a particular development, only to
determine those that would be studied to provide typical ‘worked
examples’ and as a starting point for those considering renewable sources
for a development. Under certain circumstances, a much wider range of
renewable sources may be practical and as such this table should not be
considered a basis to dismiss renewables out of hand.
Use the flow diagrams in section 4.1 and the technology guide in section
3 to help you start thinking about which renewables will be suitable for
your site.
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Scenario Identifier
Ref. Building type

Scenario description

Rationale for selection of technically feasible
renewable energy sources in these scenarios
(the same rationale does not apply in all
developments)

1TC

Retail buildings

Central London or town centre single/
multi-storey retail building not shared
with other uses, e.g. department store

Ground heating and cooling possible.
Some roof PV and solar water possible.
Biomass may be difficult in central London
with fuel delivery problems.

2TC

Small retail units

Central London or town centre retail
unit in a building with other uses,
e.g. offices or flats above

GSHP possible for small heating unit.
Space cooling unlikely. Roof space unlikely
to be available for solar applications.

8TC

Prestige offices

Prestige central London
office building. 3,000m2

Ground heating and cooling possible. PV on roof
and south façade possible.
Biomass may be difficult in central London with
fuel delivery problems. Low relative demand for
hot water

9SU

Standard offices

Standard air-conditioned
office in suburbs, possibly
shared with other uses.
3,000m2

Ground heating and cooling possible. Biomass
heating in suburbs possible. PV on roofs
possible. Wind in suburbs possible.
PV cladding unlikely as expensive façades
unusual except on prestige offices.

9IF

Standard infill
offices

Naturally ventilated office building
Ground heating possible. Biomass heating
on an infill (densification) site, possibly possible depending on location. Solar water may
shared with other uses. 1,000m2
be possible depending on demand (e.g. canteen).
PV on roof possible.
No space cooling demand. Unlikely to be space
for wind.

10SU Industrial
buildings

LONDON RENEWABLES

Factory building (e.g. manufacturing,
assembly, chemical process, etc.)
on an industrial site

Ground heating possible. Biomass heating and
even biomass CHP, solar water and rooftop PV,
and wind, all possible on suburban site.
Unlikely to have a active cooling demand (but
possible)
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Scenario Identifier
Ref. Building type

Scenario description

Rationale for selection of technically feasible
renewable energy sources in these scenarios
(the same rationale does not apply in all
developments)

11SU Storage &
distribution
warehouses

Storage or distribution warehouse on
an industrial park

Ground heating possible. PV on roofs
and wind both possible in suburbs.
Cooling demand unlikely. Space heating demand
and hot water demand unlikely to be sufficient to
use biomass or solar hot water. CHP unlikely due
to low annual heat demand.

12TC Hotels & hostels

Luxury hotel in central London
and/or prime riverside location

Ground heating and cooling possible. CHP is
possible and used in hotels, so biomass CHP
could be used. Solar and PV on roofs and even
PV cladding possible.
Biomass heating and wind unlikely in centre.

13SU Care homes,
Care home or similar building in a
sheltered housing suburban location, probably not
shared with other uses

Ground heating possible. Biomass in suburbs
possible. PV and solar heating on roof easy.
No cooling demand. No expensive cladding used
to support PV cladding. Unlikely to be space for
wind.

15SU Medium density
housing

Medium density suburban
development probably with a mix of
individual houses and low-rise multiresidential and row houses.
E.g. 50 units @ 35-75 (avg. 44)
dwellings/ha.

Ground heating and biomass heating
possible if district heating envisaged. Solar hot
water and PV on roofs of individual dwellings
possible.
No cooling demand. CHP produced electricity
cannot be supplied to the actual housing (unless
a private wire system is used) and normally goes
to the grid. Wind may be possible in some `
locations.

15IF

Medium density infill (densification)
block probably 3-6 storey.
E.g. 15 units, possibly shared with
other uses below

As above, with the exception of wind.
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Scenario Identifier
Ref. Building type

Scenario description

Rationale for selection of technically feasible
renewable energy sources in these scenarios
(the same rationale does not apply in all
developments)

16TC Residential tower Very high density, high-rise urban
development e.g. 80 apartments in a
22 storey block, possibly with other
uses below

Biomass heating possible with communal
heating system. Some solar heating and
PV possible on (limited) roof space.
PV cladding is possible and has been used.
No cooling demand. CHP possible but problem as
above though communal electricity uses (area
lighting, lifts, security, and communal facilities)
could be supported. Ground sourced heating
unlikely due to demand required.

18SU Primary &
secondary
schools

Primary or secondary school
on an open site

Ground sourced and biomass heating
possible. Solar water and PV of roofs both
possible. Wind on an ‘open site’ possible.
No cooling demand. Biomass CHP normally not
appropriate.

20SU Sports centres
& health clubs

Suburban sports centre or health club
(possibly with pool), probably not
shared with other uses

Ground and biomass heating possible. CHP is
appropriate for leisure centres so biomass
CHP possible. Solar hot water and PV on roof
possible.
No cooling demand in suburbs.
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4.13.1 CENTRAL RETAIL BLOCK - WORKED EXAMPLE
a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

Ground
sourced
heat
pumps

Ground
cooling

Biomass
heating

Biomass
CHP

Solar
water
heating

Y

Y

N

N

Y

Reference
development
RES options

a

b

e

f.i

f.ii

Ground
sourced
heat
pumps

annual
build cost
carbon
rate
emissions

PV
PV
(rooftop) (cladding)
Y

Y

Scenario data

g

Wind

No of
buildings

Net sales
floor area
(SFA m 2 )

N

1

2000

PV
(rooftop)

PV
(cladding)

2941

Renewable energy system

system size

kgC/m 2
SFA

£/m 2 GIFA

37.73

£850

0.035

37.73

£850

37.73

annual carbon
savings
kgC/m 2
SFA

%

kW/m 2
SFA

2.04

5.4%

0.070

kW/m 2
SFA

4.08

£850

0.133

kW/m 2
SFA

37.73

£850

0.267

37.73

£850

37.73

£2.5M

Scenario summary

capital cost rate (extra)

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m 2 SFA

(%)

%

800 £/kW

£27.81

annual
SH+DHW
(50%)

2.2%

70 kW

£55,613

10.8%

800 £/kW

£55.61

annual
SH+DHW
(100%)

4.4%

139 kW

£111,227

1.07

2.8%

200 £/kW

£26.66

annual
cooling
(50%)

2.1%

267 kW

£53,325

kW/m 2
SFA

2.34

6.2%

200 £/kW

£53.33

annual
cooling
(100%)

4.3%

533 kW

£106,650

0.0062

m 2 /m 2
SFA

0.16

0.4%

400

£/m 2
panel

£2.48

annual
DHW
(50%)

0.2%

12 m 2

£4,960

£850

0.167

m 2 /m 2
SFA

1.89

5.0%

850

£/m 2
panel

£141.85

electricity

11.3%

334 m 2

£283,694

37.73

£850

0.334

m 2 /m 2
SFA

3.77

10.0%

850

£/m 2
panel

£283.69

electricity

22.7%

668 m 2

£567,388

37.73

£850

0.501

m 2 /m 2
SFA

5.66

15.0%

850

£/m 2
panel

£425.54

electricity

34.0%

1001 m 2

£851,081

37.73

£850

0.211

m 2 /m 2
SFA

1.89

5.0%

85

£/m 2
panel

£17.97

electricity

1.4%

423 m 2

£35,935

37.73

£850

0.423

m 2 /m 2
SFA

3.77

10.0%

85

£/m 2
panel

£35.93

electricity

2.9%

846 m 2

£71,869

37.73

£850

0.634

m 2 /m 2
SFA

5.66

15.0%

85

£/m 2
panel

£53.90

electricity

4.3%

1268 m 2

£107,804

£/system size

Ground
cooling

Solar
water
heating

Gross
internal floor Total build
area (GIFA
cost
m2)

£

Scenario Description
Central London or town centre multi-storey retail building not shared with other uses, e.g. 3/4 storey department store
Notes to the table:
1 All renewable energy system data is calculated on the basis of Sales Floor Area
2 Reference development costs are quoted in Gross Internal Floor Area
3 PV: total system size is constrained by available roof and/or façade area
4 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
5 PV Cladding: assumes PV replaces high quality, high cost cladding e.g. marble. The cost /m2 shown is the over cost on high quality cladding.

162

LONDON RENEWABLES

SECTION 4

4.13.2 SMALL RETAIL UNIT - WORKED EXAMPLE

a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

Ground
sourced
heat
pumps

Ground
cooling

Biomass
heating

Y

N

N

Biomass Solar water
CHP
heating
N

N

Reference
development
RES options

a

annual
build cost
carbon
rate
emissions

Scenario data

g

PV
(rooftop)

PV
(cladding)

Wind

No of units

N

N

N

5

Total net Total gross
Total build
sales floor internal area
cost
area (m 2 ) (GIFA m 2 )
1000

1333

Renewable energy system

system size

kgC/m 2
SFA

£/m 2 GIFA

21.62

£750

0.0067

21.62

£750

0.013

Ground
sourced
heat
pumps

annual carbon
savings
kgC/m 2
SFA

%

kW/m 2
SFA

1.23

5.7%

kW/m 2
SFA

2.47

11.4%

£1.0M

Scenario summary

capital cost rate (extra)

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m 2 SFA

(%)

%

800 £/kW

£5.37

annual
SH+DHW
(50%)

0.5%

7 kW

£5,367

800 £/kW

£10.73

annual
SH+DHW
(100%)

1.1%

13 kW

£10,733

£/system size

£

Scenario Description
Central London or town centre retail unit in a building with other uses, e.g. offices or flats above
Notes to the table:
1 All renewable energy system data is calculated on the basis of Sales Floor Area
2 Reference development costs are quoted in Gross Internal Floor Area
3 The scenario consists of 5 retail units each with a sales area of 200m2 , giving the total net and gross areas shown in the scenario data box (top right).
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4.13.3 PRESTIGE OFFICE - WORKED EXAMPLE

a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

Ground
sourced
heat
pumps

Ground
cooling

Biomass
heating

Y

Y

N

PV
PV
Biomass Solar water
CHP
heating
(rooftop) (cladding)
N

N

Reference
development
RES options

a

b

f.i

f.ii

Ground
sourced
heat
pumps

annual
build cost
carbon
rate
emissions

Y

Y

Scenario data

g

Wind

No of
buildings

Nett lettable
area (NLA
m 2)

Treated
floor area
(TFA m 2 )

N

1

3000

3750

Renewable energy system

system size

kgC/m 2
TFA

£/m 2 GIFA

33.07

£1,800

0.019

33.07

£1,800

33.07

annual carbon
savings
kgC/m 2
TFA

%

kW/m 2
TFA

1.13

3.4%

0.038

kW/m 2
TFA

2.25

£1,800

0.118

kW/m 2
TFA

33.07

£1,800

0.236

33.07

£1,800

33.07

PV
(cladding)

4412

£7.9M

Scenario summary

capital cost rate (extra)

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m 2 TFA

(%)

%

800 £/kW

£15.34

annual
SH+DHW
(50%)

0.7%

72 kW

£57,513

6.8%

800 £/kW

£30.67

annual
SH+DHW
(100%)

1.4%

144 kW

£115,025

1.00

3.0%

200 £/kW

£23.63

annual
cooling
(50%)

1.1%

443 kW

£88,594

kW/m 2
TFA

2.21

6.7%

200 £/kW

£47.25

annual
cooling
(100%)

2.2%

886 kW

£177,188

0.146

m 2 /m 2
TFA

1.65

5.0%

850

£/m 2
panel

£124.31

electricity

5.9%

548 m 2

£466,159

£1,800

0.292

m 2 /m 2
TFA

3.31

10.0%

850

£/m 2
panel

£248.62

electricity

11.7%

1097 m 2

£932,319

33.07

£1,800

0.439

m 2 /m 2
TFA

4.96

15.0%

850

£/m 2
panel

£372.93

electricity

17.6%

1645 m 2

£1,398,478

33.07

£1,800

0.185

m 2 /m 2
TFA

1.65

5.0%

85

£/m 2
panel

£15.75

electricity

0.7%

695 m 2

£59,047

33.07

£1,800

0.370

m 2 /m 2
TFA

3.31

10.0%

85

£/m 2
panel

£31.49

electricity

1.5%

1389 m 2

£118,094

33.07

£1,800

0.556

m 2 /m 2
TFA

4.96

15.0%

85

£/m 2
panel

£47.24

electricity

2.2%

2084 m 2

£177,141

£/system size

Ground
cooling

PV
(rooftop)

Gross
Total
internal
build
floor area
cost
(GIFA m 2 )

£

Scenario Description
Prestige (i.e. high quality cladding, common area fit-out and space specification) central London office building. 3000m2
Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 Reference development costs are quoted in Gross Internal Floor Area
3 Base costs include Category A fit-out but exclude tenants fit-out
4 PV: total system size is constrained by available roof and/or façade area
5 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
6 PV Cladding: assumes PV replaces high quality, high cost cladding e.g. marble. The cost /m 2 shown is the over cost on high quality cladding.
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4.13.4 STANDARD OFFICE - WORKED EXAMPLE

a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii
Ground
cooling

Biomass
heating

Biomass
CHP

Solar
water
heating

PV
(rooftop)

PV
(cladding)

Wind

No of
buildings

Nett lettable
area (NLA
m 2)

Treated
floor area
(TFA m 2 )

Y

Y

Y

N

Y

Y

N

Y

1

3000

3750

Reference
development
RES options

a

b

c

e

f.i

g

Scenario data

g

Ground
sourced
heat
pumps

Ground
sourced
heat
pumps

annual
build cost
carbon
rate
emissions

Renewable energy system

system size

kgC/m 2
TFA

£/m 2 GIFA

19.96

£1,400

0.017

19.96

£1,400

19.96

annual carbon
savings
kgC/m 2
TFA

%

kW/m 2
TFA

1.02

5.1%

0.035

kW/m 2
TFA

2.04

£1,400

0.079

kW/m 2
TFA

19.96

£1,400

0.158

19.96

£1,400

19.96

capital cost rate (extra)

Wind

£5.8M

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m 2 TFA

(%)

%

800 £/kW

£13.90

annual
SH+DHW
(50%)

0.9%

65 kW

£52,138

10.2%

800 £/kW

£27.81

annual
SH+DHW
(100%)

1.8%

130 kW

£104,275

0.67

3.4%

200 £/kW

£15.75

annual
cooling
(50%)

1.0%

295 kW

£59,063

kW/m 2
TFA

1.47

7.4%

200 £/kW

£31.50

annual
cooling
(100%)

2.0%

591 kW

£118,125

0.043

kW/m 2
TFA

1.73

8.7%

200 £/kW

£8.60

annual
SH+DHW
(33%)

0.6%

161 kW

£32,260

£1,400

0.065

m 2 /m 2
TFA

2.62

13.1%

200 £/kW

£13.03

annual
SH+DHW
(50%)

0.8%

244 kW

£48,879

19.96

£1,400

0.0062

m 2 /m 2
TFA

0.17

0.9%

400

£/m 2
panel

£2.48

annual
DHW
(50%)

0.2%

23 m 2

£9,301

19.96

£1,400

0.088

m 2 /m 2
TFA

1.00

5.0%

850

£/m 2
panel

£75.03

electricity

4.8%

331 m 2

£281,365

19.96

£1,400

0.177

m 2 /m 2
TFA

2.00

10.0%

850

£/m 2
panel

£150.06

electricity

9.6%

662 m 2

£562,730

19.96

£1,400

0.265

m 2 /m 2
TFA

2.99

15.0%

850

£/m 2
panel

£225.09

electricity

14.5%

993 m 2

£844,095

16.80

£1,400

0.0034

kW/m 2
TFA

0.84

5.0%

1000 £/kW

£3.44

electricity

0.2%

13 kW

£12,913

16.80

£1,400

0.0069

kW/m 2
TFA

1.68

10.0%

1000 £/kW

£6.89

electricity

0.4%

26 kW

£25,826

16.80

£1,400

0.010

kW/m 2
TFA

2.52

15.0%

1000 £/kW

£10.33

electricity

0.7%

39 kW

£38,738

£/system size

Biomass
heating

PV
(rooftop)

4167

Scenario summary

Ground
cooling

Solar
water
heating

Gross
Total
internal
build
floor area
cost
(GIFA m 2 )

£

Scenario Description
Standard air-conditioned office in suburbs, possibly shared with other uses. 3000m2
Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 Reference development costs are quoted in Gross Internal Floor Area
3 Base costs include Category A fit-out but exclude tenants fit-out
4 PV: total system size is constrained by available roof and/or façade area
5 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
6 Wind: The use of wind generators will require detailed site analysis
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4.13.5 INFILL NATURALLY VENTILATED OFFICE - WORKED EXAMPLE

a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

Ground
sourced
heat
pumps

Ground
cooling

Biomass
heating

Y

N

Y

Biomass
CHP

PV
(rooftop)

PV
(cladding)

Wind

N

Y

Y

N

N

Reference
development
RES options

a

c

e

f.i

Ground
sourced
heat
pumps

annual
build cost
carbon
rate
emissions

Scenario data

g

Solar
water
heating

No of
buildings

Nett lettable
area (NLA
m 2)

Treated
floor area
(TFA m 2 )

1

1000

1250

Renewable energy system

system size

kgC/m 2
TFA

£/m 2 GIFA

8.06

£1,200

0.014

8.06

£1,200

8.06

annual carbon
savings
kgC/m 2
TFA

%

kW/m 2
TFA

0.83

10.3%

0.028

kW/m 2
TFA

1.66

£1,200

0.035

kW/m 2
TFA

8.06

£1,200

0.053

8.06

£1,200

8.06

PV
(rooftop)

1316

£1.6M

Scenario summary

capital cost rate (extra)

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m 2 TFA

(%)

%

800 £/kW

£11.32

annual
SH+DHW
(50%)

0.9%

18 kW

£14,154

20.6%

800 £/kW

£22.65

annual
SH+DHW
(100%)

1.8%

35 kW

£28,308

1.41

17.5%

200 £/kW

£7.01

annual
SH+DHW
(33%)

0.6%

44 kW

£8,758

m 2 /m 2
TFA

2.13

26.5%

200 £/kW

£10.62

annual
SH+DHW
(50%)

0.8%

66 kW

£13,270

0.0062

m 2 /m 2
TFA

0.14

1.8%

200

£/m 2
panel

£1.24

annual
DHW
(50%)

0.1%

8 m2

£1,550

£1,200

0.036

m 2 /m 2
TFA

0.40

5.0%

850

£/m 2
panel

£30.30

electricity

2.4%

45 m 2

£37,881

8.06

£1,200

0.071

m 2 /m 2
TFA

0.81

10.0%

850

£/m 2
panel

£60.61

electricity

4.8%

89 m 2

£75,762

8.06

£1,200

0.107

m 2 /m 2
TFA

1.21

15.0%

850

£/m 2
panel

£90.91

electricity

7.2%

134 m 2

£113,643

£/system size

Biomass
heating

Solar
water
heating

Gross
Total
internal
build
floor area
cost
(GIFA m 2 )

£

Scenario Description
Naturally ventilated office building on an infill (densification) site, possibly shared with other uses. 1000m2
Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 Reference development costs are quoted in Gross Internal Floor Area
3 Base costs include Category A fit-out but exclude tenants fit-out
4 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
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4.13.6 INDUSTRY - WORKED EXAMPLE
a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii
Ground
cooling

Biomass
heating

Biomass
CHP

Solar
water
heating

PV
(rooftop)

PV
(cladding)

Wind

No of
buildings

Y

N

Y

Y

Y

Y

N

Y

1

Reference
development
RES options

a

c

d

e

f.i

g

Scenario data

g

Ground
sourced
heat
pumps

Ground
sourced
heat
pumps

annual
build cost
carbon
rate
emissions

system size

kgC/m 2
GIFA

£/m 2 GIFA

16.80

£550

0.033

16.80

£550

16.80

annual carbon
savings
kgC/m 2
GIFA

%

kW/m 2
GIFA

1.93

11.5%

0.066

kW/m 2
GIFA

3.86

£550

0.081

kW/m 2
GIFA

16.80

£550

0.123

16.80

£550

16.80

Wind

£1.1M

Scenario summary

capital cost rate (extra)

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m 2 GIFA

(%)

%

800 £/kW

£26.28

annual
SH+DHW
(50%)

4.8%

66 kW

£52,556

23.0%

800 £/kW

£52.56

annual
SH+DHW
(100%)

9.6%

131 kW

£105,111

3.27

19.4%

200 £/kW

£16.26

annual
SH+DHW
(33%)

3.0%

163 kW

£32,519

m 2 /m 2
GIFA

4.95

29.5%

200 £/kW

£24.64

annual
SH+DHW
(50%)

4.5%

246 kW

£49,271

0.0087

kWe/m 2
GIFA

6.26

37.3%

2720 £/kWe

£23.59

annual
SH+DHW
(33%)

4.3%

17 kWe

£47,181

£550

0.013

kWe/m 2
GIFA

9.48

56.4%

2720 £/kWe

£35.74

annual
SH+DHW
(50%)

6.5%

26 kWe

£71,486

16.80

£550

0.0062

m 2 /m 2
GIFA

0.16

1.0%

200

£/m 2
panel

£1.24

annual
DHW
(50%)

0.2%

12 m 2

£2,480

16.80

£550

0.074

m 2 /m 2
GIFA

0.84

5.0%

850

£/m 2
panel

£63.16

electricity

11.5%

149 m 2

£126,317

16.80

£550

0.149

m 2 /m 2
GIFA

1.68

10.0%

850

£/m2
panel

£126.32

electricity

23.0%

297 m 2

£252,633

16.80

£550

0.223

m 2 /m 2
GIFA

2.52

15.0%

850

£/m 2
panel

£189.48

electricity

34.5%

446 m 2

£378,950

16.80

£550

0.0029

kW/m 2
GIFA

0.84

5.0%

1000 £/kW

£2.90

electricity

0.5%

6 kW

£5,797

16.80

£550

0.0058

kW/m 2
GIFA

1.68

10.0%

1000 £/kW

£5.80

electricity

1.1%

12 kW

£11,594

16.80

£550

0.0087

kW/m 2
GIFA

2.52

15.0%

1000 £/kW

£8.70

electricity

1.6%

17 kW

£17,391

£/system size

Biomass
CHP

PV
(rooftop)

2000

Renewable energy system

Biomass
heating

Solar
water
heating

Gross
internal floor Total build
area (GIFA
cost
m 2)

£

Scenario Description
Factory building (e.g. manufacturing, assembly, chemical process, etc.) on an industrial site
Notes to the table:
1 Both renewable energy system data AND reference development costs are quoted on the basis of Gross Internal Floor Area (GIFA)
2 Underlying benchmark energy use data are assumed to include only a SMALL component of process energy.
3 Biomass CHP: small system sizes (below e.g. 50kWe) are unlikely to be available
4 Biomass CHP: This is still (in 2004) an emerging technology and requires detailed investigation
5 Note for future reference with regards calculations: where energy use is known for specific industrial processes, this should be added, which may affect the
technical feasibility (by increasing demand above a threshold where e.g. biomass CHP engines become available).
6 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
7 Wind: The use of wind generators will require detailed site analysis
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4.13.7 WAREHOUSE AND DISTRIBUTION - WORKED EXAMPLE
a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

Ground
sourced
heat
pumps

Ground
cooling

Biomass
heating

Y

N

N

PV
Biomass Solar water
CHP
heating
(rooftop)
N

N

Reference
development
RES options

a

f.i

g

Ground
sourced
heat
pumps

PV
(rooftop)

Wind

annual
build cost
carbon
rate
emissions

Y

Scenario data

g

PV
(cladding)

Wind

No of
buildings

N

Y

1

Gross
internal floor Total build
area (GIFA
cost
m 2)
2000

Renewable energy system

system size

kgC/m 2
GIFA

£/m 2 GIFA

10.63

£400

0.024

10.63

£400

10.63

annual carbon
savings
kgC/m 2
GIFA

%

kW/m 2
GIFA

1.42

13.4%

0.048

kW/m 2
GIFA

2.84

£400

0.047

m 2 /m 2
GIFA

10.63

£400

0.094

10.63

£400

10.63

£0.8M

Scenario summary

capital cost rate (extra)

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m 2 GIFA

(%)

%

800 £/kW

£19.35

annual
SH+DHW
(50%)

4.8%

48 kW

£38,700

26.7%

800 £/kW

£38.70

annual
SH+DHW
(100%)

9.7%

97 kW

£77,400

0.53

5.0%

850

£/m 2
panel

£39.94

electricity

10.0%

94 m 2

£79,888

m 2 /m 2
GIFA

1.06

10.0%

850

£/m 2
panel

£79.89

electricity

20.0%

188 m 2

£159,776

0.141

m 2 /m 2
GIFA

1.59

15.0%

850

£/m 2
panel

£119.83

electricity

30.0%

282 m 2

£239,663

£400

0.0018

kW/m 2
GIFA

0.53

5.0%

850 £/kW

£1.56

electricity

0.4%

4 kW

£3,116

10.63

£400

0.0037

kW/m 2
GIFA

1.06

10.0%

850 £/kW

£3.12

electricity

0.8%

7 kW

£6,233

10.63

£400

0.0055

kW/m 2
GIFA

1.59

15.0%

850 £/kW

£4.67

electricity

1.2%

11 kW

£9,349

£/system size

£

Scenario Description
Storage or distribution warehouse on an industrial park
Notes to the table:
1 Both renewable energy system data AND reference development costs are quoted on the basis of Gross Internal Floor Area (GIFA)
2 Wind: The use of wind generators will require detailed site analysis
3 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
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4.13.8 HOTEL - WORKED EXAMPLE

a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

Ground
sourced
heat pumps

Ground
cooling

Biomass
heating

Biomass
CHP

Solar
water
heating

Y

Y

N

Y

Y

Reference
development
RES options

a

b

d

e

f.i

f.ii

Ground
sourced
heat
pumps

annual
build cost
carbon
rate
emissions

PV
PV
(rooftop) (cladding)
Y

Y

Scenario data

g

Wind

No of
buildings

Treated
floor area
(TFA m 2 )

N

1

2700

system size

kgC/m 2
TFA

£/m 2 GIFA

26.55

£2,200

0.036

26.55

£2,200

26.55

annual carbon
savings
kgC/m 2
TFA

%

kW/m 2
TFA

2.13

8.0%

0.073

kW/m 2
TFA

4.26

£2,200

0.066

kW/m 2
TFA

26.55

£2,200

0.133

26.55

£2,200

26.55

PV
(cladding)

£6.6M

Scenario summary

capital cost rate (extra)

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m2 TFA

(%)

%

800 £/kW

£29.03

annual
SH+DHW
(50%)

1.2%

98 kW

£78,368

16.0%

800 £/kW

£58.05

annual
SH+DHW
(100%)

2.4%

196 kW

£156,735

0.39

1.5%

200 £/kW

£13.28

annual
cooling
(50%)

0.5%

179 kW

£35,843

kW/m 2
TFA

1.07

4.0%

200 £/kW

£26.55

annual
cooling
(100%)

1.1%

358 kW

£71,685

0.010

kWe/m 2
TFA

6.91

26.0%

2720 £/kWe

£26.06

annual
SH+DHW
(33%)

1.1%

26 kWe

£70,353

£2,200

0.015

kWe/m 2
TFA

10.47

39.5%

2720 £/kWe

£39.48

annual
SH+DHW
(50%)

1.6%

39 kWe

£106,595

26.55

£2,200

0.045

m 2 /m 2
TFA

1.35

5.1%

400

£/m 2
panel

£17.96

annual
DHW
(50%)

0.7%

121 m 2

£48,502

26.55

£2,200

0.117

m 2 /m 2
TFA

1.33

5.0%

850

£/m 2
panel

£99.81

electricity

4.1%

317 m 2

£269,494

26.55

£2,200

0.235

m 2 /m 2
TFA

2.66

10.0%

850

£/m 2
panel

£199.63

electricity

8.2%

634 m 2

£538,989

26.55

£2,200

0.352

m 2 /m 2
TFA

3.98

15.0%

850

£/m 2
panel

£299.44

electricity

12.2%

951 m 2

£808,483

26.55

£2,200

0.149

m 2 /m 2
TFA

1.33

5.0%

85

£/m 2
panel

£12.64

electricity

0.5%

402 m 2

£34,136

26.55

£2,200

0.297

m 2 /m 2
TFA

2.66

10.0%

85

£/m 2
panel

£25.29

electricity

1.0%

803 m 2

£68,272

26.55

£2,200

0.446

m 2 /m 2
TFA

3.98

15.0%

85

£/m 2
panel

£37.93

electricity

1.6%

1205 m 2

£102,408

£/system size

Biomass
CHP

PV
(rooftop)

3000

Renewable energy system

Ground
cooling

Solar
water
heating

Gross
internal floor Total build
area (GIFA
cost
m2)

£

Scenario Description
Luxury hotel in central London and/or prime riverside location
Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 Biomass CHP: small system sizes (below e.g. 50kWe) are unlikely to be available
3 Biomass CHP: This is still (in 2004) an emerging technology and requires detailed investigation
4 PV: total system size is constrained by available roof and/or faÁade area
5 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
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4.13.9 CARE HOMES AND SHELTERED HOUSING - WORKED EXAMPLE

a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

Ground
sourced
heat
pumps

Ground
cooling

Biomass
heating

Y

N

Y

Biomass
CHP

PV
(rooftop)

PV
(cladding)

Wind

No of
buildings

Treated
floor area
(TFA m 2 )

N

Y

Y

N

N

1

2850

Reference
development
RES options

a

c

e

f.i

Ground
sourced
heat
pumps

annual
build cost
carbon
rate
emissions

Scenario data

g

Solar
water
heating

PV
(rooftop)

3000

Renewable energy system

system size

kgC/m 2
TFA

£/m 2 GIFA

10.95

£1,200

0.019

10.95

£1,200

10.95

annual carbon
savings
kgC/m 2
TFA

%

kW/m 2
TFA

1.13

10.3%

0.038

kW/m 2
TFA

2.25

£1,200

0.047

kW/m 2
TFA

10.95

£1,200

0.072

10.95

£1,200

10.95

£3.6M

Scenario summary

capital cost rate (extra)

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m 2 TFA

(%)

%

800 £/kW

£15.34

annual
SH+DHW
(50%)

1.2%

55 kW

£43,710

20.6%

800 £/kW

£30.67

annual
SH+DHW
(100%)

2.4%

109 kW

£87,419

1.91

17.4%

200 £/kW

£9.49

annual
SH+DHW
(33%)

0.8%

135 kW

£27,045

m 2 /m 2
TFA

2.89

26.4%

200 £/kW

£14.38

annual
SH+DHW
(50%)

1.1%

205 kW

£40,978

0.0062

m 2 /m 2
TFA

0.17

1.5%

400

£/m 2
panel

£2.48

annual
DHW
(50%)

0.2%

18 m 2

£7,068

£1,200

0.048

m 2 /m 2
TFA

0.55

5.0%

850

£/m 2
panel

£41.16

electricity

3.3%

138 m 2

£117,297

10.95

£1,200

0.097

m 2 /m 2
TFA

1.09

10.0%

850

£/m 2
panel

£82.31

electricity

6.5%

276 m 2

£234,595

10.95

£1,200

0.145

m 2 /m 2
TFA

1.64

15.0%

850

£/m 2
panel

£123.47

electricity

9.8%

414 m 2

£351,892

£/system size

Biomass
heating

Solar
water
heating

Gross
internal floor Total build
area (GIFA
cost
m2)

£

Scenario Description
Care home or similar building in a suburban location, probably not shared with other uses; e.g 40 bedsit flats + resident care, bathrooms & kitchen dining rooms, etc
Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 PV: total system size is constrained by available roof and/or façade area
3 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.

170

LONDON RENEWABLES

SECTION 4

4.13.10 MEDIUM DENSITY HOUSING - WORKED EXAMPLE

a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

Ground
sourced
heat
pumps

Ground
cooling

Biomass
heating

Y

N

Y

Biomass
CHP

PV
(rooftop)

PV
(cladding)

Wind

No of
dwelling
units

N

Y

Y

N

Y

50

Reference
development
RES options

annual
build cost
carbon
rate
emissions
kgC/m 2
GIFA

Scenario data

g

Solar
water
heating

system size

annual carbon
savings
kgC/m 2
GIFA

£/m 2 GIFA

units £/m 2 GIFA

%

% cost
end use
increase on
(demand) met
base build

total system size

total

total cost
(extra)

%

per unit

£32.81

peak SH
(50%), annual
SH+DHW
(85%)

3.0%

2.5

124 kW

£124,235

200 £/kW

£28.95

annual
SH+DHW
(100%)

2.6%

11.0

548 kW

£109,619

400

£/m 2
panel

£14.02

annual DHW
(50%)

1.3%

2.7

133 m 2

£53,070

5.0%

850

£/m 2
panel

£33.98

electricity

3.1%

3.0

151 m 2

£128,655

0.90

10.0%

850

£/m 2
panel

£67.96

electricity

6.2%

6.1

303 m 2

£257,310

m 2 /m 2
GIFA

1.36

15.0%

850

£/m 2
panel

£101.93

electricity

9.3%

9.1

454 m 2

£385,966

0.0016

kW/m 2
GIFA

0.45

5.0%

2000 £/kW

£3.12

electricity

0.3%

0.1

6 kW

£11,809

£1,100

0.0031

kW/m 2
GIFA

0.90

10.0%

2000 £/kW

£6.24

electricity

0.6%

0.2

12 kW

£23,618

£1,100

0.0047

kW/m 2
GIFA

1.36

15.0%

2000 £/kW

£9.36

electricity

0.9%

0.4

18 kW

£35,427

£1,100

0.033

kW/m 2
GIFA

1.32

14.6%

1000 £/kW

c

Biomass
heating

9.04

£1,100

0.145

kW/m 2
GIFA

4.49

49.7%

e

Solar
water
heating

9.04

£1,100

0.035

m 2 /m 2
GIFA

1.08

12.0%

9.04

£1,100

0.040

m 2 /m 2
GIFA

0.45

9.04

£1,100

0.080

m 2 /m 2
GIFA

9.04

£1,100

0.120

9.04

£1,100

9.04

9.04

Wind

£4.2M

(%)

9.04

g

3786

Scenario summary

capital cost rate (extra)

a

PV
(rooftop)

76

Renewable energy system

Ground
sourced
heat
pumps

f.i

Total gross
Total build
Average unit
internal area
cost
area (m 2 )
(m 2 )

£

Scenario Description
Medium density suburban development probably with a mix of individual houses and low-rise multi-residential and row houses. E.g. 50 units @ 35-75 (avg. 44) dwellings/ha.
Notes to the table:
1 Both renewable energy system data AND reference development costs are quoted on the basis of Gross Internal Floor Area (GIFA)
2 Biomass heating: Cost of district heating network not included
3 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
4 Wind: The use of wind generators will require detailed site analysis
5 Wind: It is assumed that private wire is not practical due to market regulations so power generated is exported to the grid. However, renewable energy generated from
sources within the curtilage of the site can be included in calculations of carbon emission reductions

LONDON RENEWABLES

171

Integrating energy into new developments: Toolkit for planners, developers and consultants

4.13.11 INFILL MEDIUM DENSITY HOUSING - WORKED EXAMPLE
Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

a

Scenario data

g

Ground
sourced
heat
pumps

Ground
cooling

Biomass
heating

Biomass
CHP

Solar
water
heating

PV
(rooftop)

PV
(cladding)

Wind

No of
dwelling
units

Y

N

Y

N

Y

Y

N

N

15

Reference
development
RES options

annual
build cost
carbon
rate
emissions
kgC/m 2
GIFA

Total gross
Total build
Average unit
internal area
cost
area (m 2 )
(m 2 )
76

1136

Renewable energy system

system size

annual carbon
savings
kgC/m 2
GIFA

£/m 2 GIFA

Scenario summary

capital cost rate (extra)

units £/m 2 GIFA

%

£1.6M

% cost
end use
increase on
(demand) met
base build

total system size

total

total cost
(extra)

(%)

%

per unit

£

2.3%

2.5

37 kW

£37,270

a

Ground
sourced
heat
pumps

9.04

£1,400

0.033

kW/m 2
GIFA

1.32

14.6%

1000 £/kW

£32.81

peak SH
(50%), annual
SH+DHW
(85%)

c

Biomass
heating

9.04

£1,400

0.145

kW/m 2
GIFA

4.49

49.7%

200 £/kW

£28.95

annual
SH+DHW
(100%)

2.1%

11.0

164 kW

£32,886

e

Solar
water
heating

9.04

£1,400

0.035

m 2 /m 2
GIFA

1.08

12.0%

400

£/m 2
panel

£14.02

annual DHW
(50%)

1.0%

2.7

40 m 2

£15,921

9.04

£1,400

0.040

m 2 /m 2
GIFA

0.45

5.0%

850

£/m 2
panel

£33.98

electricity

2.4%

3.0

45 m 2

£38,597

9.04

£1,400

0.080

m 2 /m 2
GIFA

0.90

10.0%

850

£/m 2
panel

£67.96

electricity

4.9%

6.1

91 m 2

£77,193

9.04

£1,400

0.120

m 2 /m 2
GIFA

1.36

15.0%

850

£/m 2
panel

£101.93

electricity

7.3%

9.1

136 m 2

£115,790

f.i

PV
(rooftop)

Scenario Description
Medium density infill (densification) block probably 3-6 storey. E.g. 15 units, possibly shared with other uses below
Notes to the table:
1 Both renewable energy system data AND reference development costs are quoted on the basis of Gross Internal Floor Area (GIFA)
2 Biomass heating: Cost of district heating network not included
3 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
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4.13.12 RESIDENTIAL TOWER - WORKED EXAMPLE

a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

Ground
sourced
heat pumps

Ground
cooling

Biomass
heating

Biomass
CHP

Solar
water
heating

N

N

Y

Y

Y

Reference
development
RES options

c

d

e

f.i

f.ii

Biomass
heating

annual
build cost
carbon
rate
emissions

PV
PV
(rooftop) (cladding)
Y

Y

Scenario data

g

Wind

No. of
dwelling
units

N

80

PV
(rooftop)

PV
(cladding)

76

6058

Renewable energy system

system size

kgC/m 2
GIFA

£/m 2 GIFA

8.62

£1,600

0.131

8.62

£1,600

8.62

annual carbon
savings

capital cost rate (extra)

kgC/m 2
GIFA

%

kW/m 2
GIFA

4.07

47.2%

0.0035

kWe/m 2
GIFA

0.69

8.0%

2720

£1,600

0.0064

kWe/m 2
GIFA

1.97

22.9%

2720

8.62

£1,600

0.035

m 2 /m 2
GIFA

1.08

12.5%

400

8.62

£1,600

0.038

m 2 /m 2
GIFA

0.43

5.0%

8.62

£1,600

0.076

m 2 /m 2
GIFA

0.86

8.62

£1,600

0.114

m 2 /m 2
GIFA

8.62

£1,600

0.048

8.62

£1,600

8.62

£1,600

£9.7M

Scenario summary

units £/m2 GIFA

end use
% cost
(demand) increase on
met
base build

total system size

total

total cost
(extra)

(%)

%

per unit

£26.21

annual
SH+DHW
(100%)

1.6%

9.9

£9.41

annual
SH+DHW
(33%)

0.6%

0.3

21 kWe

£57,026

£17.29

annual
SH+DHW
(50%)

1.1%

0.5

38 kWe

£104,730

£/m 2
panel

£14.07

annual
DHW
(50%)

0.9%

2.7

213 m 2

£85,260

850

£/m 2
panel

£32.42

electricity

2.0%

2.9

231 m 2

£196,417

10.0%

850

£/m 2
panel

£64.84

electricity

4.1%

5.8

462 m 2

£392,834

1.29

15.0%

850

£/m 2
panel

£97.26

electricity

6.1%

8.7

693 m 2

£589,251

m 2 /m 2
GIFA

0.43

5.0%

1375

£/m 2
panel

£66.43

electricity

4.2%

3.7

293 m 2

£402,463

0.097

m 2 /m 2
GIFA

0.86

10.0%

1375

£/m 2
panel

£132.86

electricity

8.3%

7.3

585 m 2

£804,925

0.145

m 2 /m 2
GIFA

1.29

15.0%

1375

£/m 2
panel

£199.29

electricity

12.5%

11.0

878 m 2

£1,207,388

200 £/kW

£/kWe

Biomass
CHP

Solar
water
heating

Total gross
Total build
Average unit
internal area
cost
area (m 2 )
(m 2 )

£/kWe

794 kW

£

£158,805

Scenario Description
Very high density, high-rise urban development. E.g. 80 apartments in a 22 storey block, possibly with other uses below
Notes to the table:
1 Both renewable energy system data AND reference development costs are quoted on the basis of Gross Internal Floor Area (GIFA)
2 Biomass heating: Cost of communal heating pipework not included
3 Biomass CHP: small system sizes (below e.g. 50kWe) are unlikely to be available
4 Biomass CHP: This is still (in 2004) an emerging technology and requires detailed investigation
5 PV: total system size is constrained by available roof and/or façade area
6 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
7 PV: as cladding it is assumed that material replaced is low cost therefore net cost of PV is taken as full cost
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4.13.13 PRIMARY OR SECONDARY SCHOOL - WORKED EXAMPLE
a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii
Ground
cooling

Biomass
heating

Biomass
CHP

Solar
water
heating

PV
(rooftop)

PV
(cladding)

Wind

No of
buildings

Treated
floor area
(TFA m 2 )

Y

N

Y

N

Y

Y

N

Y

1

2850

Reference
development
RES options

a

c

e

f.i

g

Scenario data

g

Ground
sourced
heat
pumps

Ground
sourced
heat
pumps

annual
build cost
carbon
rate
emissions

PV
(rooftop)

Wind

3000

system size

kgC/m 2
TFA

£/m 2 GIFA

9.60

£1,200

0.022

9.60

£1,200

9.60

annual carbon
savings
kgC/m 2
TFA

%

kW/m 2
TFA

1.49

15.5%

0.044

kW/m 2
TFA

2.61

£1,200

0.055

kW/m 2
TFA

9.60

£1,200

0.083

9.60

£1,200

9.60

£3.6M

Scenario summary

Renewable energy system

capital cost rate (extra)

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m 2 TFA

(%)

%

1000 £/kW

£22.22

annual
SH+DHW
(50%)

1.8%

63 kW

£63,318

27.2%

1000 £/kW

£44.43

annual
SH+DHW
(100%)

3.5%

127 kW

£126,635

2.21

23.0%

200 £/kW

£11.00

annual
SH+DHW
(33%)

0.9%

157 kW

£31,342

m 2 /m 2
TFA

3.35

34.9%

200 £/kW

£16.66

annual
SH+DHW
(50%)

1.3%

237 kW

£47,488

0.0062

m 2 /m 2
TFA

0.17

1.8%

400

£/m 2
panel

£2.48

annual
DHW
(50%)

0.2%

18 m 2

£7,068

£1,200

0.042

m 2 /m 2
TFA

0.48

5.0%

850

£/m 2
panel

£36.11

electricity

2.9%

121 m 2

£102,901

9.60

£1,200

0.085

m 2 /m 2
TFA

0.96

10.0%

850

£/m 2
panel

£72.21

electricity

5.7%

242 m 2

£205,802

9.60

£1,200

0.127

m 2 /m 2
TFA

1.44

15.0%

850

£/m 2
panel

£108.32

electricity

8.6%

363 m 2

£308,702

9.60

£1,200

0.0017

kW/m 2
TFA

0.48

5.0%

1000 £/kW

£1.66

electricity

0.1%

5 kW

£4,722

9.60

£1,200

0.0033

kW/m 2
TFA

0.96

10.0%

1000 £/kW

£3.31

electricity

0.3%

9 kW

£9,445

9.60

£1,200

0.0050

kW/m 2
TFA

1.44

15.0%

1000 £/kW

£4.97

electricity

0.4%

14 kW

£14,167

£/system size

Biomass
heating

Solar
water
heating

Gross
internal floor Total build
area (GIFA
cost
m 2)

£

Scenario Description
Primary or secondary school on an open site
Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
3 Wind: The use of wind generators will require detailed site analysis
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4.13.14 SPORTS CENTRE / HEALTH CLUB WITH POOL - WORKED EXAMPLE
a

Renewable Energy Technologies most likely to be applicable
b
c
d
e
f.i
f.ii

Ground
sourced
heat
pumps

Ground
cooling

Biomass
heating

Y

N

Y

Biomass
CHP

PV
(rooftop)

PV
(cladding)

Wind

No of
buildings

Treated
floor area
(TFA m 2 )

Y

Y

Y

N

Y

1

2850

Reference
development
RES options

a

c

d

e

f.i

g

Ground
sourced
heat
pumps

annual
build cost
carbon
rate
emissions

Scenario data

g

Solar
water
heating

system size

kgC/m 2
TFA

£/m 2 GIFA

36.69

£2,100

0.065

36.69

£2,100

36.69

annual carbon
savings
kgC/m 2
TFA

%

kW/m 2
TFA

3.79

10.3%

0.129

kW/m 2
TFA

7.57

£2,100

0.160

kW/m 2
TFA

36.69

£2,100

0.242

36.69

£2,100

36.69

Wind

£6.3M

Scenario summary

capital cost rate (extra)

end use
% cost
(demand) increase on total system size
met
base build

total cost
(extra)

£/m 2 TFA

(%)

%

1000 £/kW

£64.50

annual
SH+DHW
(50%)

2.9%

184 kW

£183,825

20.6%

1000 £/kW

£129.00

annual
SH+DHW
(100%)

5.8%

368 kW

£367,650

6.42

17.5%

200 £/kW

£31.93

annual
SH+DHW
(33%)

1.4%

455 kW

£90,993

m 2 /m 2
TFA

9.72

26.5%

200 £/kW

£48.38

annual
SH+DHW
(50%)

2.2%

689 kW

£137,869

0.017

kWe/m 2
TFA

12.29

33.5%

2720 £/kWe

£46.32

annual
SH+DHW
(33%)

2.1%

49 kWe

£132,020

£2,100

0.026

kWe/m 2
TFA

18.62

50.8%

2720 £/kWe

£70.19

annual
SH+DHW
(50%)

3.2%

74 kWe

£200,030

36.69

£2,100

0.033

m 2 /m 2
TFA

1.83

5.0%

400

£/m 2
panel

£13.14

hot water

0.6%

94 m 2

£37,461

36.69

£2,100

0.066

m 2 /m 2
TFA

3.67

10.0%

400

£/m 2
panel

£26.29

hot water

1.2%

187 m 2

£74,922

36.69

£2,100

0.099

m 2 /m 2
TFA

5.50

15.0%

400

£/m 2
panel

£39.43

hot water

1.8%

281 m 2

£112,383

36.69

£2,100

0.162

m 2 /m 2
TFA

1.83

5.0%

850

£/m 2
panel

£137.93

electricity

6.2%

462 m 2

£393,110

36.69

£2,100

0.325

m 2 /m 2
TFA

3.67

10.0%

850

£/m 2
panel

£275.87

electricity

12.5%

925 m 2

£786,220

36.69

£2,100

0.487

m 2 /m 2
TFA

5.50

15.0%

850

£/m 2
panel

£413.80

electricity

18.7%

1387 m 2

£1,179,330

36.69

£2,100

0.0063

kW/m 2
TFA

1.83

5.0%

1000 £/kW

£6.33

electricity

0.3%

18 kW

£18,041

36.69

£2,100

0.0127

kW/m 2
TFA

3.67

10.0%

1000 £/kW

£12.66

electricity

0.6%

36 kW

£36,082

36.69

£2,100

0.0190

kW/m 2
TFA

5.50

15.0%

1000 £/kW

£18.99

electricity

0.9%

54 kW

£54,123

£/system size

Biomass
CHP

PV
(rooftop)

3000

Renewable energy system

Biomass
heating

Solar
water
heating

Gross
internal floor Total build
area (GIFA
cost
m 2)

£

Scenario Description
Suburban sports centre or health club (possibly with pool), probably not shared with other uses. 25m pool, 4 court hall
Notes to the table:
1 All renewable energy system data is calculated on the basis of Treated Floor Area (TFA)
2 Biomass CHP: This is still (in 2004) an emerging technology and requires detailed investigation
3 Solar water heating: discretionary system sizing used for this building type to reflect increased potential for application of the technology
4 PV: total system size is constrained by available roof and/or façade area
5 PV: Several different types of PV are available with varying costs and performance characteristics. Site specific costs will depend on system selection.
6 Wind: The use of wind generators will require detailed site analysis
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5 Factors Affecting the Cost of
Renewable Technologies
5.1 TECHNOLOGY PRICE CHANGES
Generally, as the market for a product develops, the unit price decreases
due to savings to the manufacturer from increased orders. It is predicted
that due to the Mayor’s policies and similar policies elsewhere in the
country that demand for renewable energy systems will increase and
prices for systems will gradually fall.
5.2 ECONOMIES OF SCALE
Solar thermal and photovoltaic manufacturers will tend to offer
discounted prices on bulk purchases of systems. For photovoltaic
systems, £/kWp will tend to decrease as the system size increases. Most
suppliers say the discount possible is negotiable and tends to be
development specific. Some suppliers say this information is commercially
sensitive.
5.3 GRANTS AND THEIR CURRENT PREDICTED LIFE SPANS.
Clear Skies (www.clear-skies.org) the DTI grant scheme for community
and household renewable systems is due to finish in March 2005. The
possible extension or replacement of the scheme will not be known until
the next funding round in the middle of the year.
DTI PV Grants scheme (www.est.co.uk/solar) is due to finish at the end
of the year. All applications must be in by 31 December 2004 and the
money spent (i.e. the installation completed) by June 2005. It is unknown
currently whether the scheme is going to be extended beyond 2004.
Energy Efficiency Commitment. DEFRA is currently writing a
consultation paper to review the next round of the Energy Efficiency
Commitment (the current programme runs to 31 March 2005) which will
be out in mid May. The consultation period will last for 3 months. Ground
Source Heat Pumps and solar water heating are both eligible measures
under the EEC scheme. Photovoltaics are unlikely to become an
acceptable measure under EEC as they are eligible for Renewable
Obligation Certificates (electricity generated by renewable sources) used
by suppliers to meet the Renewables Obligation.
For more details on these grants see section 4.6.
5.4 VAT ISSUES
VAT has been reduced to 5% on renewable energy systems that are
purchased from and installed by the same company.
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5.5 IMPACT OF LEGISLATION
5.5.1 EU BUILDING DIRECTIVE
The main impact of the EU Building Directive will be to improve the
energy efficiency of all new buildings, through improvements to the
Building Regulations in 2005. All buildings will be required to consider
the incorporation of energy saving technologies such as CHP and
renewable energy sources. As new buildings use less energy, less
renewable energy will need to be installed to meet the proportion
required in the Mayor’s Energy Strategy.
5.5.2 CLIMATE CHANGE LEVY
The Climate Change Levy (CCL) applies to sales of electricity to the
business and public sectors. Large energy users thereby contribute to the
costs of the greenhouse emissions they cause. Electricity generated by
renewable means is exempt from the CCL. This means that non-domestic
users of electricity should value energy efficient buildings with renewable
energy capacity.
5.5.3 UPDATE OF PART L OF THE BUILDING REGULATIONS
A further review of the Building Regulations energy efficiency provisions
was announced in the Energy White Paper, with the aim of bringing the
next revision into effect in 2005. It is expected that these proposals will
take more account of low and zero carbon systems.
5.6 FOSSIL FUEL PRICE CHANGES
It is not possible to predict future fossil fuel prices, driven as they are by
demand, world events and financial markets. However, as the general
trend is thought to be upwards, this means that the value of having
renewable energy installations will also increase, as running cost savings
will be greater.
5.6.1 ELECTRICITY
The Carbon Trust have predicted that electricity prices will rise by 16 to
40% by 2005 because of the EU emissions trading scheme (EU ETS)
which will start in 2005. This will put emission reduction targets
(effectively a carbon cap) on power and heat generators in the EU. If
companies are unable to meet their emission reduction commitments
through reducing emissions or purchasing allowances from other trading
participants, they will be required to pay financial penalties. These
penalties will be 40 euro per tonne of carbon dioxide from 2005, rising to
100 euro per tonne of carbon dioxide from 2008. This cost will be passed
on to consumers. Electricity prices have already increased significantly
this year for some sectors - there is disagreement whether this rise is
already accounting for the predicted rises expected from the EU ETS.
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For information on Renewable obligation certificates and renewable
energy guarantee of origin certificates see section 4.6.7.
5.6.2 GAS
Gas prices are closely tied to oil prices, which are generally predicted to
be rising.
5.7 MARKETING THE BENEFITS OF RENEWABLE ENERGY
There are several benefits of renewable energy that a developer could use
to market developments containing renewable energy technologies and
enhanced energy efficiency. For many customers, renewable energy
technologies will be a new concept and developers have the opportunity
to sell benefits of the technologies direct to the customer:
• Cost savings
• Health benefits and
• Environmental credentials.
The benefits of renewable energy systems are considerable for the
building occupiers, for the developer and the local community as well as
for the environment, particularly when coupled with energy efficient
building design.
For the occupier, renewable energy offers:
• Lower running costs for the occupants of buildings as heating and
cooling bills decrease, and/or electricity bills decrease. Savings for the
domestic situations for photovoltaic systems and solar water heating
have been estimated in sections 3.5.3 and 3.6.3.
• Well daylit rooms providing a greater sense of well-being.
For the developer, renewable energy offers:
• More favourable response to development proposals from planners
and development partners.
• Improved reputation with local authorities, regional development
agencies, housing associations and other development partners
leading to increased development opportunities.
• Reduced risk from future legislation (for example planned energy
rating of buildings required through the EU Building Directive).
• Economic benefits such as Enhanced Capital Allowances.
For the local community, renewable energy offers:
• Increased local employment through the use of local materials and
labour (e.g. through the use of local biomass).
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• Increased sense of community through use of public spaces and
amenities, particularly if an architectural feature is made of a
renewable technology.
• Assistance towards reaching local, regional and national carbon saving,
air quality and renewables targets.
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6 Overview of how Developers
Cost Developments
This section is a general and simplified overview of how developments are
costed. The aim is to give planners a starting point in understanding
where there may be flexibility for incorporating renewables. It is
important to give both planners and developers a general understanding
that the opportunities to incorporate renewable energy technology exist
at all stages of the costing process, but that each comes with constraints.
Overall judgment against London Plan policies will be on the feasibility of
incorporating renewable schemes and this will have to be demonstrated.
6.1

THE COSTING PROCESS
There are a number of components to the costing of a development: the
cost of a standard building type, the cost of ‘abnormals’ associated with a
site and additional design codes or standards required for a site. These
plus other associated costs and a profit margin added together form the
basis of calculating the residual land value that can be placed on a piece
of land for development. The residual land value is the completed value
of the development minus the development costs and other costs to the
developer. Each of these components is described below.

6.1.1 COMPLETED VALUE OF THE DEVELOPMENT
When a developer is prospecting a piece of land, the first thing they
consider is what value can they get from this land - this will either be
income through sales (for housing) or through rental value or yields
(commercial). The master planners will design the development for a
particular market, number of units and type of design.
6.1.2 COST OF STANDARD BUILDING TYPE.
Each developer will have a standard building type cost/m2 (for houses /
flats / offices etc) - this is the basic costing block for the developer. They
will have a detailed specification for this standard building type.
6.1.3 COST OF SITE ‘ABNORMALS’
Site abnormals are specific items associated with a particular site that
must be dealt with or provided. These could include repairing river walls,
a new traffic junction, decontaminating land, levelling land. The costs of
‘abnormals’ are site specific. Dealing with these abnormals are usually
essential to enable the site to be built on. Some abnormals will be
negotiated through an s106 agreement such as affordable housing and
schools. All items will add a premium to the overall cost. Sometimes the
s106 requirements are such that a negative land value results.
Sometimes the site might be made affordable by allowing more units to
be built on the site.
A package of renewables would be considered an additional ‘abnormal’.
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6.1.4 DESIGN CODES FOR THE DEVELOPMENT
These are items outside of the standard building block, usually for the
external fabric such as a metal roof or premium for an architect. These
will increase the cost of the building per sq ft.
6.1.5 ADDITIONAL COMPONENTS AND COSTS
The developer also needs to take into account a number of factors:
• Overheads and Site preliminaries - about 7-8% of income value
• Finance - 2% of income value (cost of borrowing)
• Marketing - 4-5% of income value (or whatever it takes to sell
the units)
• Professional fees (% of build cost)
• Profit - this is an untouchable (generally about 14%) of income value
• Contingency
Normally these items will total 25 - 30% of total income.
(Part of the contingency will be linked to the risk associated with a given
site. This risk could be related to the construction process, the site or
future market conditions. Higher risk means higher costs, and hence
development viability reduces. A developer’s objective is to eliminate as
many risks as possible given that there are some such as market
conditions at building completion that are difficult to manage.
Developers prefer to minimize aspects of a development that are
unpredictable or innovative. Renewable energy technologies may fall into
this category.)
6.1.6 RESIDUAL LAND VALUE.
Using the items mentioned above, developers will be able to work out
what they are prepared to pay for the land:
Residual land value = Completed value of development, minus standard
building type, minus abnormals, minus costs of design codes, minus
additional costs and profit.
6.2 INCORPORATING RENEWABLE ENERGY IN A DEVELOPMENT
A developer could be told at a number of stages in the development
process that the local authority or the Mayor will require a renewable
energy component in the development. The likelihood that a developer
will be willing or able to do this depends very much on the timing.
Some different scenarios are described below.
6.2.1 KNOWING BEFORE THE LAND IS BOUGHT
If a developer knows BEFORE bidding for land that renewables are going
to be a requirement, they can factor that into the price they are willing to
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pay for the land. If the local authority owns the land, they are likely to
receive a smaller receipt by putting extra demands on the developer. As
long all the developers bidding for the land are in the same situation,
there is a level playing field and renewable energy technologies can be
factored in.
This is the scenario when it is most likely that developers will be
able to deliver the expectations of the GLA or London boroughs in
terms of renewables.
6.2.2 IF THE DEVELOPER HAS THE LAND ALREADY AND THE PROPERTY
VALUE HAS GONE UP MORE THAN BUILD COST
If a developer owns a piece of land and has done so for some years, the
build cost may have gone up since they bought the land and so might
the value that can be gained from the sale of the new properties. There
may be situations where the land value has increased more than the build
cost, in which case the developer may be able to bear more costs and
retain profit. It is possible to find out cost price percentage increase and
house value percentage increases from websites:
• Building Cost Information Service (http://www.bcis.co.uk/) for tender
price increases
• Nationwide or Halifax or Land Registry sites for sales prices in
different locations historically and currently. These can generally be
searched by postcode or by London borough.
In carrying out this comparison, interest charges would need to be taken
into account.
6.2.3 FLEXIBILITY TO ADJUST FIGURES DEPENDING ON RETURN ON
CAPITAL EMPLOYED (ROCE)
Developers want to get their money invested back as quickly as possible.
Paying for land up front and dealing with a large number of site
abnormals before any houses are sold means tying up capital upfront
which won’t be recouped until the first house is sold, which could be
years. Any items that require upfront infrastructure works such as
community heating systems are therefore harder to implement.
Technologies which can be installed later in the process, such as solar
water heating or photovoltaics will not have such an impact on RoCE.
If landowners can be flexible in the way they receive payment for land
sold, such as allowing developers to pay in instalments or in relation to
houses sold, then more abnormals may be possible. This however can be
difficult for local authorities due to their accounting procedures, and for
private owners for cash flow reasons.
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6.2.4 IF THE DEVELOPER HAS THE LAND ALREADY AND THE PROPERTY
VALUE HAS NOT GONE UP
If the developer already owns the land and has paid a price for the land
based on a particular build cost, design codes and abnormals, they may
not have any spare capital for additional abnormals such as renewables.
6.3 SUMMARY
It is crucial that developers know before they enter into a bidding process
for land that renewables will be a requirement for any development on that
piece of land. Local authorities will have to decide what their priorities are
for a piece of land so that a negative land value doesn’t result.
Negotiation may be possible if the value of the land has increased more
than build cost.
Being told that renewables are required shortly after a piece of land has
been bought will make it very difficult for renewables to be negotiated.
The London Plan and the Mayor’s Energy Strategy have both been out
since February 2004 and so developers should have been taking account
of the Mayor’s policies (and any relevant London Borough policies) on all
new development plans or land purchases since those dates.
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7 Planning Framework
7.1 NATIONAL POLICY
The Government’s Planning and Compulsory Purchase Act received Royal
Assent in May 2004. The Act has a range of impacts on the planning
system in relation to planning for renewables, and these are highlighted
in the appropriate sections below.
7.1.1 PLANNING POLICY GUIDANCE / STATEMENTS
Planning Policy Guidance notes (PPGs) set out the Government’s national
land use planning policies for England. Two of these notes, PPG 1 ‘Policy
and Principles’ and PPG 22 ‘Renewable Energy’, are particularly relevant
to the promotion of renewables.
As part of the Government’s planning reforms it will review all its
planning policy guidance: to see whether it is needed; to seek greater
clarity, and to separate guidance on practical implementation from policy
statements. PPG 1 is currently under review and PPS 22 has recently
been published, replacing PPG 22. The (draft) replacements, draft PPS 1
and PPS 22, are referred to below.
PPG/PPS 1 ‘Creating Sustainable Communities’36
PPG 1 sets out the Government’s vision for planning and the key policies
and principles, which should underpin the planning system.
The draft review of PPG1, Draft PPS1 (‘Creating Sustainable
Communities’) went out to consultation at the beginning of 2004 and
consultation closed on 21 May 2004.
Promotion of renewables in the Draft PPS1
‘Creating Sustainable Communities’
Extract from paragraph 1.21:
Policies should reflect a preference for minimising the need to consume new
resources over the lifetime of the development by making more efficient use
or reuse of existing resources rather than making new demands on the
environment; and for seeking to promote and encourage, rather than restrict,
the development of renewable energy resources. Consideration should be
given to encouraging energy efficient buildings, community heating
schemes, and the use of combined heat and power in developments.
PPG/PPS 22 Renewable Energy37
Consultation of the draft review of PPG 22 ‘Renewable Energy’, Draft PPS
22, closed in January 2004, and PPS 22 was published in August 2004.
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PPS 22 gives guidance on the various types of renewable energy sources
and how planning authorities should include requirements for renewable
energy in their plans.
Extracts from the key principles include:
• Renewable energy developments should be capable of being
accommodated throughout England in locations where the technology
is viable and environmental, economic and social impacts can be
addressed satisfactorily.
• Regional spatial strategies and local development documents should
contain policies designed to promote and encourage, rather than
restrict, the development of renewable energy resources.
• At the local level, planning authorities should set out the criteria that
will be applied in assessing applications for planning permission for
renewable energy projects.
• The wider environmental and economic benefits of renewable energy
projects, whatever their scale, are material considerations that should
be given significant weight.
• Regional planning bodies and local planning authorities should not
make assumptions about the technical and commercial feasibility of
renewable energy projects (e.g. identifying generalised locations for
development based on mean wind speeds).
• Local planning authorities, regional stakeholders and Local Strategic
Partnerships should foster community involvement in renewable
energy projects and seek to promote knowledge of and greater
acceptance by the public of prospective renewable energy
developments that are appropriately located.
• Development proposals should demonstrate any environmental,
economic and social benefits as well as how any environmental and
social impacts have been minimised.
Key extracts from PPS22 ‘Renewable Energy’
Extract from Paragraph 3:
Targets should be expressed as the minimum amount of installed capacity
for renewable energy in the region, expressed in megawatts, and may also
be expressed in terms of the percentage of electricity consumed or supplied.
Extract from Paragraph 6:
Planning applications for renewable energy projects should be assessed
against specific criteria set out in regional spatial strategies and local
development documents.
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Extract from Paragraph 18:
Local planning authorities and developers should consider the opportunity
for incorporating renewable energy projects in all new developments.
...Local planning authorities should specifically encourage [small scale
renewable energy] schemes through positively expressed policies in local
development documents.
7.1.2 RELATED NATIONAL POLICIES AND STRATEGIES
DTI Energy White Paper38
The Energy White Paper indicated that the Government would be looking
to work with regional and local bodies to deliver the Government’s
objectives, including establishing regional targets for renewable energy
generation. Regional Planning Guidance (RPG) should include the target
for renewable energy generation for its respective region, derived from
assessments of the region’s renewable energy resource potential. (See
section 1.6.1 for further detail).
7.2 REGIONAL POLICY
7.2.1 LONDON PLAN39
The London Plan includes policies requiring a range of energy efficiency
and renewable energy technologies to be included in planning
applications where feasible. (See section 1.6.2 for further details).
7.2.2 THE MAYOR’S ENERGY STRATEGY40
The Mayor’s Energy Strategy, Green light to clean power, aims to
minimise the impacts on health and on the local and global environment
of meeting the essential energy needs of all those living and working in
London. Specifically, it aims to reduce London’s contribution to global
climate change, tackle the problem of fuel poverty and at the same time
promote London’s economic development through renewable and energy
efficient technologies.
In addition to proposal 13 covered in section 1.1, which refers to a 10%
contribution from renewables for referred applications, the following
proposals and policies support the use of renewables:
‘Proposal 6
London should generate at least 665GWh of electricity and 280GWh of
heat, from up to 40,000 renewable energy schemes by 2010. This would
generate enough power for the equivalent of more than 100,000 homes
and heat for more than 10,000 homes.
To help achieve this, London should install at least 7,000 (or 15MW peak
capacity) domestic photovoltaic installations; 250 (or 12MW peak
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capacity) photovoltaic applications on commercial and public buildings;
six large wind turbines; 500 small wind generators associated with public
or private sector buildings 25,000 domestic solar water heating schemes,
2,000 solar water heating schemes associated with swimming pools, and
more anaerobic digestion plants with energy recovery and biomassfuelled combined heat and power plants. London should then at least
triple these technology capacities by 2020.’
‘Proposal 11
The Mayor urges English Heritage and the boroughs as planning
authorities to look actively for ways to reconcile the need for energy
efficiency and renewable energy with conserving character. To inform
negotiations on individual schemes, boroughs should promote and share
experience and expertise on the successful incorporation of energy
efficiency and renewable energy in areas of heritage.’
‘Policy 18
Through the London Plan, planning referrals, and consulting on borough
UDPs, the Mayor will encourage and facilitate an accelerated rate of
deploying renewable energy to meet London’s targets.’
‘Proposal 12
The Mayor requests boroughs to set targets, consistent with London’s
targets, for the generation of renewable energy in their areas, to include
them in their Unitary Development Plans, and to use their planning
powers, land and property control, and awareness-raising activities to
meet them.’
‘Proposal 15
The Mayor requires planning applications referable to him to incorporate
passive solar design, natural ventilation, borehole cooling and vegetation
on buildings where feasible. Boroughs should expect the same.’
‘Proposal 16
The Mayor expects consideration to be given to the effects of proposed
new developments on existing renewable energy schemes, for example by
overshadowing, and reasonable steps to be taken to minimise any such
negative impact.’
‘Proposal 17
The Mayor requires all planning applications referable to him to
incorporate solar water heating and photovoltaics, where feasible.
Developments not initially incorporating solar technologies should, where
practicable, be of suitable design to support them later. Applications
considering prestige cladding should incorporate photovoltaics where
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feasible. Applications including new street appliances (eg bus shelters, bus
stops, parking ticket machines and road signs) should incorporate off-grid
solar power where feasible. Boroughs should apply the same policies.’
7.3 LOCAL POLICY
Under the Government’s Planning and Compulsory Purchase Act 2004,
UDPs will be replaced by Local Development Frameworks (LDFs):
• All London boroughs should have an LDF in place by 2007, subject to
certain transitional arrangements.
• London borough LDFs should reflect London Plan policy, including
policy on renewables.
The London Borough of Merton was the first borough to adopt a target
for the production of energy from renewables for new developments:
London Borough of Merton’s Adopted Policy
‘All new non-residential development above a threshold of 1000 sqm will
be expected to incorporate renewable energy production equipment to
provide at least 10% of predicted energy requirements.’
At the time of publication the following London boroughs were drafting
similar policies:
•
•
•
•
•
•
•
•

Croydon
Ealing
Waltham Forest
Lambeth
Bromley
Barking & Dagenham
Westminster
Tower Hamlets

Considerations For Writing Local Planning Policy For Renewables
Drawing on Merton’s experience, the London Borough of Croydon has
drafted the following policy. Emphasis is added to highlight the key
components for a prescriptive renewable energy policy:
London Borough of Croydon’s Draft Policy
‘The Council will expect all development (either new build or conversion)
with a floor-space of 1000m2 or ten or more residential units to
incorporate renewable energy production equipment to provide at least
10% of the predicted energy requirements.’
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The Croydon example demonstrates six components of a prescriptive
renewable energy policy.
• To include the word ‘expect’ or ‘require’.
• To state that it is for new build and conversion. This expands the
scope of the policy and is especially relevant to social housing and the
relating issue of fuel poverty.
• To determine the size of commercial development and number of
residential units. Recommend using PS2 definitions of ‘major
developments’ (as described in section 2.1)
• To make clear the need to incorporate on-site renewable
energy equipment.
• To establish the percentage target.
• To make it clear that it is for the predicted energy
usage/carbon emissions.
Additional points
• Consider the use of carbon not energy targets
To align with national policy and regulation (e.g. building regulations),
which is moving towards the use of targets based on carbon burden.
(See section 2.4)
• Consider addressing different building types
Councils may wish to consider different targets to reflect the feasibility
for different building types. This may be particularly relevant for
speculative commercial and industrial developments where it is
difficult to establish baseline energy usage/carbon emissions.
• Allowing for technical and financial viability
Justifications should make it clear that if incorporating the renewable
energy equipment can be shown by the applicant to be technically or
commercially unviable then a lower percentage target would be sought.
• Feasibility
There is a need to incorporate the words ‘where feasible’ either in
the policy or in the supporting text to be in compliance with the
London Plan.
7.3.1 DEVELOPMENT CONTROL MECHANISMS
• Planning policy and guidance
UDPs/LDFs, Supplementary Panning Guidance (SPG)
• Briefs
With clear guidance on renewable requirements
• Section 106
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• Sustainability Checklists
Existing examples include those produced by the London boroughs of
Ealing41 and Brent42.
7.3.2 RELATED LOCAL POLICES
Boroughs have other polices that are complementary to, and
mutually supportive of, the use of renewables in new developments.
Examples include:
• Community Strategies43
Boroughs are required to produce a community strategy, with the
purpose of promoting or improving the economic, social and
environmental well-being of their areas, and contributing to the
achievement of sustainable development.
• Local Agenda 21 Strategies
Many boroughs have developed Local Agenda 21 Strategies, with
the purpose of developing local policies for sustainable development
through community involvement and consultation, and building
partnerships between local authorities and other sectors to
implement them.
• Fuel Poverty
Along with those at a national and regional level, boroughs may have
their own polices and/or strategies relating to fuel poverty, which the
use of renewables may support.
Notes and references
36 www.odpm.gov.uk/stellent/groups/odpm_planning/
documents/page/odpm_plan_027494.pdf
37 www.odpm.gov.uk/stellent/groups/odpm_planning/
documents/page/odpm_plan_025517.hcsp
38 www.dti.gov.uk/energy/whitepaper/
39 www.london.gov.uk/mayor/strategies/sds/index.jsp
40 www.london.gov.uk/mayor/strategies/energy/docs/
energy_strategy04.pdf
41 www.ealing.gov.uk/services/planning/planning+policy/
sustainable+planning.asp
42 www.brent.gov.uk/planning.nsf
43 www.odpm.gov.uk/stellent/groups/odpm_localgov/documents/
page/odpm_locgov_605670.hcsp
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8 Further sources of information
This chapter contains a summary of all of the reference sources listed
throughout the document. The sources are a mixture of publications
and organisations.
8.1 CHAPTER 1 - INTRODUCTION
The London Plan, Spatial Development Strategy for Greater London,
www.london.gov.uk/mayor/strategies/sds/index.jsp
Green light to Green Power, The Mayor’s Energy Strategy,
www.london.gov.uk/mayor/strategies/energy/index.jsp
8.2 CHAPTER 3 - TECHNOLOGY GUIDE
ENERGY EFFICIENCY MEASURES FOR DWELLINGS
SEDBUK = Seasonal Efficiency of Domestic Boilers in the UK,
www.sedbuk.com
Defra guidance on Energy Labels: Helping you make the right choice
www.defra.gov.uk/environment/consumerprod/energylabels/index.htm
Housing Energy Efficiency Best Practice Programme, T: 0845 1207799,
W: www.est.co.uk/bestpractice
• Energy Efficiency in New Housing: Summary of Specifications
• General Information Report 27, Passive Solar Estate Layout
• General Information Leaflet 72 Energy efficiency standards - for new
and existing dwellings
• General Information Leaflet 59, Central Heating System
Specification, 2002,
• General Information Leaflet 74 Domestic Condensing Boilers - ‘The
Benefits and the Myths’
• CE13 Benefits of Best Practice: Community Heating
• Good Practice Case Study 400 Community heating serves luxury
private apartments
• Good Practice Case Study 441, Low Energy Domestic Lighting Looking Good for Less.
• General Information Leaflet 20, Low Energy Lighting A Summary Guide
There are many more relevant guides available from the same source.
ENERGY EFFICIENCY FOR BUILDINGS OTHER THAN DWELLINGS
Chartered Institute of Building Services Engineers, CIBSE, www.cibse.org
Testing Buildings for Air Leakage - TM23: 2000. CIBSE.
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Natural ventilation in non-domestic buildings. Application Manual AM10:
1997 CIBSE.
Energy Efficiency Best Practice Programme,
T: 0800 585794, W: www.actionenergy.co.uk
• Energy Use in Offices. Energy Consumption Guide ECON19.
• Good Practice Guide 290. Ventilation and cooling options appraisal - A
client guide.
• Good Practice Guide 291. A designers guide to the options for
ventilation and cooling.
• The Installers Guide to Lighting Design. Good Practice Guide 300.
January 2002. Best Practice Programme.
• Electric Lighting controls - a guide for designers, installers and users.
Good Practice Guide 160.
• Good Practice Guide 237. Natural Ventilation in Non Domestic
Buildings - A guide for designers, developers and owners.
There are many more relevant guides available from the same source.
RENEWABLE ENERGY TECHNOLOGY - GENERAL
Companion Guide to PPS 22: The technical annexes
www.odpm.gov.uk/planning
Housing Energy Efficiency Best Practice Programme,
www.est.co.uk/practise
• Renewable Energy in Housing Case studies
• Renewable Energy Sources for homes in urban environments
Renewable Producers Association, 30 Millbank, London, SW1P 4RD,
T: 0207 963 5852, E: ghartnell@r-p-a.org.uk, W: www.r-p-a.org.uk
Energy Saving Trust and Save Energy (Run by the Energy Saving Trust)
21 Dartmouth Street, London, SW1H 9BP, T: 0845 727 7200,
W: www.est.co.uk, www.saveenergy.co.uk/renewables/
Practical help for Local Authorities (Run by the Energy Saving Trust)
21 Dartmouth Street, London, SW1H 9BP,
T: 0870 241 2089, W: www.practicalhelp.org.uk
CADDET (Centre for the Analysis and Dissemination of Demonstrated
Energy Technologies)
Future Energy Solutions, B156 Harwell IBC, Didcot, OX11 0QJ, T: 0870
190 6339, F: 0870 190 6340, E: enquiries@caddet.org W:
www.caddet.co.uk & www.caddet-re.org & www.greentie.org
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NEF Renewables (National Energy Foundation), Davy Avenue, Knowlhill,
Milton Keynes, MK5 8NG, T: 01908 665555 F: 01908 665577
Freephone 0800 138 0889 E: renewables@greenenergy.org.uk
W:www.greenenergy.org.uk
DTI Renewables, Department of Trade and Industry, 7th Floor, 1 Victoria
Street, London SW1H 0ET www.dti.gov.uk/renewables
South of England Renewable Energy Statistics,
W: www.see-stats.org/index.htm
Renewable Energy Advice Service, T: 020 8683 6683,
W: www.greenenergycentre.org.uk
RENEWABLE ENERGY TECHNOLOGY - WIND TURBINES
British Wind Energy Association, Renewable Energy House, 1 Aztec Row,
Berners Road, London, N1 0PW, T: 020 7689 1960, F: 020 7689 1969, E:
info@bwea.com, W: www.bwea.com
• Best Practice Guidelines for Wind Energy Development.
RENEWABLE ENERGY TECHNOLOGY - PHOTOVOLTAICS
The British Photovoltaic Association, National Energy Centre, Davy
Avenue, Knowlhill, Milton Keynes, MK5 8NG, T: 01908 442291, F: 0870
0529193, E: enquiries@pv-uk.org.uk, Web: www.pv-uk.org.uk
ERG83/1, September 2003, Electricity Association Publicity Department,
T: 020 7963 5803
DTI series ‘Photovoltaics in Buildings’ including A survey of design tools,
Testing, Commissioning and Monitoring Guide, A Design Guide Report,
Town Planning considerations, Guide to the installation of PV systems.
RENEWABLE ENERGY TECHNOLOGY - SOLAR WATER HEATING
© solarcentury
Solar Trade Association, The National Energy Centre, Davy Avenue,
Knowlhill, Milton Keynes, MK5 8NG, T: 01908 442290, F: 0870 0529194,
E: enquiries@solartradeassociation.org.uk
W: www.solartradeassociation.org.uk
Solar for London, T: 020 7820 3156, www.solarforlondon.org
sun rise, T: 020 8683 6683, www.cen.org.uk
RENEWABLE ENERGY TECHNOLOGY - BIOMASS HEATING
The Official Guide to Approved Solid Fuel Products and Services
2003/2004. HETAS Ltd. www.hetas.co.uk
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The British BioGen Code of Practice for Biofuel Pellet Burning
Roomheaters <15kW. British Biogen 2001
British Biogen, 16 Belgrave Square, London, SW1X 8PQ,
T: 020 7235 8474, W: www.britishbiogen.co.uk,
E: info@britishbiogen.co.uk
RENEWABLE ENERGY TECHNOLOGY - BIOMASS CHP
Combined Heat and Power Association, Grosvenor Gardens House, 35/37
Grosvenor Gardens, London SW1W 0BS, T: 44 020 7828 4077, F: 44 020
7828 0310, E: info@chpa.co.uk, W: www.chpa.co.uk
Beddington Zero (Fossil) Energy Development. Toolkit for Carbon Neutral
Developments - Part II by Nicole Lazarus Bioregional Development
Group, www.bioregional.com
RENEWABLE ENERGY TECHNOLOGY - GROUND SOURCE HEATING
Housing Energy Efficiency Best Practice Programme,
www.est.co.uk/practice
• Heat pumps in the UK - a monitoring report General Information
Leaflet 72
• Domestic Ground Source Heat Pumps: Design and Installation of
Closed Loop Systems GPG 339
Ground Source Heat Pumps - A Technology Review. BSRIA Technical Note
TN 18/99, www.bsria.co.uk
Closed Loop Ground-Coupled Heat Pumps. IEA Heat Pump Centre
Informative Fact Sheet 2, 2002, www.iea.org
Heat Pumps for Buildings: Key Points. Roger Hitchin, BRE. November
2003, www.bre.co.uk
National Energy Foundation (who are in the process of setting up a
ground source heat pump trade association), Davy Avenue, Knowlhill,
Milton Keynes, MK5 8NG, T: 01908 665555 E: nef@natenergy.org.uk, W:
www.natenergy.org.uk
International Energy Agency’s Heat Pump Centre
SP Swedish National Testing and Research Institute, PO Box 857, SE-501
15 BORÅS, Sweden, T: +46-33-165512, F: +46-33-131979, E:
hpc@heatpumpcentre.org, W: www.heatpumpcentre.org
Heat Pump Association, Federation of Environmental Trade Associations,
2 Waltham Court, Milley Lane, Hare Hatch, Reading, RG10 9TH, T: 0118
940 3416, www.feta.co.uk/hpa/
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RENEWABLE ENERGY TECHNOLOGY - GROUND SOURCE COOLING
Design Tools for Low Energy Cooling: Technology Selection and Early
Design Guidance. Denice Jaunzens (ed.). UK, BRE Ltd, ECBCS 2001
www.brebookshop.com/details.jsp?id=43736
New ways of cooling - information for building designers. GIR085. EEBP
programme 2001 www.actionenergy.org.uk/Action+Energy/
KeywordSearch.asp?keyword=gir085
8.3 CHAPTER 4 - GRANTS
Clear skies grants www.clear-skies.org.
PV solar grants www.est.co.uk/solar
Community Energy Programme www.est.co.uk/communityheating
Enhanced Capital Allowances, www.eca.gov.uk
8.4 CHAPTER 7 - PLANNING
National Planning Policy. www.odpm.gov.uk/planning
The Government’s Planning And Compulsory Purchase Act 2004
www.hmso.gov.uk/acts/acts2004/40005—a.htm
PPG/PPS 1 ‘Creating Sustainable Communities.
www.odpm.gov.uk/stellent/groups/odpm_planning/documents/page/
odpm_plan_027494.pdf
Draft Planning Policy Statement 22 (PPG 22 Renewable Energy)
www.odpm.gov.uk/stellent/groups/odpm_planning/documents/page/od
pm_plan_025517.hcsp
London Plan. www.london.gov.uk/mayor/strategies/sds/index.jsp
Mayor’s Energy Strategy
www.london.gov.uk/mayor/strategies/energy/docs/energy_strategy.pdf
Supplementary Planning Guidance and Checklist - London Borough of
Ealing. www.ealing.gov.uk/services/planning/planning+policy/
sustainable+planning.asp
Supplementary Planning Guidance and Checklists - London Borough of
Brent. www.brent.gov.uk/planning.nsf

LONDON RENEWABLES

197

Integrating energy into new developments: Toolkit for planners, developers and consultants

198

LONDON RENEWABLES

SECTION 9

9 Performance Indicators
This section is to provide performance indicators for the Mayor’s policies
and the London borough policies. This falls into two sections:
1 For benchmarking the performance of policy against specific targets,
2 For showing how the performance of the policy supports other policies
and indicators
The targets from the London Plan are:
• Reduce carbon dioxide emissions to 23 per cent below 1990 levels by
2016 (policy 4A.6 and 4A.7)
• Increase in energy generated from renewable sources: Production of
945GWh of energy from renewable sources by 2010 including at least
six large wind turbines (table 6B.1, objective 6).
The targets from the Mayor’s Energy Strategy include:
• London should reduce its emissions of carbon dioxide by 20 per cent
relative to the 1990 level, by 2010, as a crucial first step on a longterm path to a 60 per cent reduction from the 2000 level by 2050.
• London should generate 665GWh of electricity and 280 GWh of heat,
from up to 40,000 renewable energy schemes by 2010... [including] at
least 7,000 domestic PV installations, 250 PV on commercial and
public buildings, 6 large wind turbines, 500 small wind generators
associated with public or private sector buildings, 25,000 domestic
solar water heating schemes, 2,000 solar water heating schemes
associated with swimming pools
Local performance indicators that could be adopted include:
• Number of major developments incorporating a proportion of energy
demand generated by renewables out of a total number of major
developments given planning permission
• Overall percentage of energy demand of new developments covered
by renewable energy
• KWh generated through renewable technologies in new developments
• Number of renewable energy installations (this could also be broken
down by technology)
• Amount of carbon (or carbon dioxide) saved
The policy also contributes to other targets such as:
• UK Sustainable Development indicators - H9: climate change
• Rethinking Construction, Environmental Performance Indicators,
Energy Use (designed)
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• Best Value indicators - there is not a BVPI related to renewable energy
in developments under planning currently. There may be a case for LAs
setting their own Local Key Performance Indicators in this area.
• CPA audits - there is no specific item relating to renewable energy in
the CPA audit. Planning is currently assessed under CPA including
development control, development planning and associated services.
CPA assessment is currently under consultation.
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A Developments Referable
to the Mayor
Borough councils in Greater London must refer to the Mayor any
planning applications received after 3 July 2000 which meet one or more
of the following criteria.44
New Housing
• Any development comprising or including over 500 units (houses or
flats); or comprising or including houses or flats and occupying more
than 10 hectares. (But all ‘departure’ cases of 150 units or more will
be referable, see below.)
Other New Uses
(eg retail, industry, offices, mixed uses)
• 30,000 sq.m. in the City of London.
• 20,000 sq.m. in the rest of Central London.
• 15,000 sq.m. outside Central London
New Tall Buildings
• 25m adjacent to the River Thames.
• 75m anywhere else in the City of London.
• 30m elsewhere.
Existing Tall Buildings
• Increase of 15m, if then above the appropriate threshold for
new tall buildings.
Mining
• 10 hectares (sand and gravel extraction sites).
Waste
• with capacity for more than 50,000 tonnes per annum (treating,
storing, processing or disposing).
Transport
• Aircraft runway.
• Heliport (including floating or rooftop).
• Air passenger terminal at an airport.
• Existing air passenger terminal capacity increase of 500,000
passengers p.a.
• Railway station.
• Tramway, underground, surface or elevated railway, cable car.
• Bus or coach station.
• Storage or distribution (Use Class B8) occupying more than 4 hectares.

LONDON RENEWABLES

201

Integrating energy into new developments: Toolkit for planners, developers and consultants

• River Thames crossing (over or under).
• Thames passenger pier.
Existing housing 45
• Any development involving the loss of 200 units (houses or flats)
(irrespective of any new units) or prejudices the use of more than 4
hectares of land used for housing.
Existing B1 Business, B2 General Industrial, B8 Storage or Distribution2
• Any development which prejudices the use of more than 4 hectares
for any such use.
Playing Fields 2
• Any development which prejudices the use of more than 2 hectares.
Green Belt/MOL
• More than 1,000 sq.m. of any new building or change of use.
Departures from the relevant UDP
• 150 units (houses or flats).
• More than 2,500 sq.m. of retail (A1), financial and professional (A2),
food and drink (A3), business (B1), general industrial (B2), storage
and distribution (B8), hotels (C1), residential institutions (C2), nonresidential institutions (D1), assembly and leisure (D2).
Parking
• More than 200 spaces (non-residential).
Article 10(3) direction
• Any development subject to such a direction, or any development on a
site subject to such a direction. (This includes safeguarded wharves
and developments in a safeguarded strategic view; in the near future
this will also include the safeguarded alignments for the East Thames
river crossings).
Notes and refererences
44 This list is a distillation of Parts I-IV of the Schedule to the Town &
Country Planning (Mayor of London) Order 2000.
45 Land is to be treated as used for a particular use if it was last used for
that use, or if it is allocated for that use in the UDP, including proposals
for a UDP or proposals to alter or replace a UDP.
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