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Foreword
In November 2014 I challenged Arup to lead the development
of a plan to reduce the energy consumed in all our homes.
I am now pleased to write this foreword to the Arup plan.
The CCC, which I chair, believes that:

Lord Deben

• Reducing emissions and adapting to the impacts of climate
change provide the opportunity to drive innovation,
support growth, contribute to improved health, develop
effective and resilient infrastructure and minimise the
disruptions caused by flooding, water scarcity and other
climate change risks
• The most cost-effective approach to dealing with climate
change requires steady progress over many years
• National government needs to develop plans and policies
that deliver low-carbon heat and energy efficiency, whilst
also addressing the increasing risks of heat stress and
flooding, and that
• Current ambition and funding commitments are
inadequate for meeting carbon budgets and further
funding is likely to be needed to meet the proposed EPC
targets

a) the relevant people and organizations (both public and
private sector) do know what needs to be done,
b) they are ready to do so in an organised way,
c) industry has the confidence to invest and innovate, and
d) home owners and landlords choose to improve the energy
efficiency of their properties, and find it easy to do so.
This will only succeed when there is long-term cross-party
support for policies to improve the energy efficiency of
homes and reduce substantially residential energy demand.
This report makes the case strongly that residential energy
efficiency should be designated as a national infrastructure
priority. Scotland has already taken this step, the rest of the
United Kingdom should follow.
I commend the Arup report to the UK’s national and
devolved governments, city governments and local
authorities.

Some would have liked Arup to define in some detail what
a national programme would look like. However, their
research and analysis showed that the better way would be to
set down a sensible set of affordable steps that can be taken
to create the conditions across the UK in which:
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Summary
This report contains our recommendations for a coordinated set of activities that will enable the UK to halve
its residential energy consumption. An important component is a series of large-scale pilots to test ideas and to
maintain retrofit activity while the future direction of the UK’s energy efficiency policies is being determined.

Our recommendations are principally directed at national
government, devolved administrations and the political
parties. The report aims to:

Addressing the challenge

• Make a case for modest investment in research and in
preparing business cases for HM Treasury (HMT)
• Facilitate planning and budget-setting for the work
needed to catalyse a national-scale residential retrofit
programme
• Identify and cost key components of the programme and
its enabling projects
• Provide the context for subsequent investments

According to the Department of Energy and Climate
Change (DECC), the residential sector is responsible for
just under one third of the UK’s energy use and carbon
emissions. So reducing the energy consumption of existing
homes is important in meeting the UK’s statutory 2050
decarbonisation target.

The UK is well placed to improve the energy efficiency of
all its homes, because:
• Excellent primary legislation is in place
• There is a huge amount of data that can be used to
inform the planning and delivery of a national
residential retrofit programme
• Lessons can be learned from work undertaken around
the world over the past two decades
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Well over 80% of the UK’s housing stock of about 28
million homes will still be standing in 2050.

Almost 18 million of the UK’s 28 million homes are
owner-occupied and a further 5 million are owned by
private landlords. The remaining five million are owned by
social landlords.
A major challenge for any national programme will be the
differing priorities and constraints facing social landlords,
private landlords and owner-occupiers. A range of
measures is needed to address this.
A national residential retrofit programme will intersect
with policy and legislation, cut across departmental
and devolved boundaries, and will involve influencing
every household of every tenure. In the need to change
behaviours it has some similarities to public health
campaigns such as drink-driving or smoking; and it has
similarities with the digital switch-over in ensuring a mass
technology shift.

Compulsion may be needed in particular circumstances.
This was recognised by the recent Minimum Energy
Efficiency Standards for UK rented properties and the
Scottish Energy Efficiency Standard for Social Housing.
Many large-scale residential retrofit schemes have
been undertaken at home and abroad. We have studied
these and consulted with contractors, campaigners,
academics, funders, government departments,
devolved administrations, local authorities and housing
associations.
Substantially reducing the energy consumption of
existing homes is a complex problem and further work is
required to determine the best course of action.
• It may take as long as 25 years to halve the energy
consumed in UK homes
• Consistent effort and direction from successive
governments will be needed
• The public sector must initiate the programme, provide
some of the early investment and create the right
governance structure
• Funding models that leverage private investment,
recycle government capital, and reduce the cost of
financing must be created
• Businesses must develop the right products and
services
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Summary
For a homeowner or landlord, improving the energy
efficiency of a home should not be any harder than
choosing, installing and paying for a new kitchen. For
the construction industry, there should be no energyefficiency ‘performance gap’.

Retrofit
Measures applied to existing homes are often referred to
as retrofit. In addition to schemes to deliver low-carbon
district heat, work in individual homes will include some
or all of:
• Improving insulation
• New glazing and draught-proofing
• Installing new energy-efficient appliances
• Installing smart energy controls
• Installing renewable energy technologies
• Providing storage and control of energy from
renewable sources
In this report, retrofit refers to work that leads to a
reduction in energy used for heating, cooling, ventilation,
hot water, lighting, installed equipment and appliances of at
least 50%. This target is achievable and consistent with the
UK’s goal of an 80% reduction in GHG emissions by 2050.
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Holistic thinking

Technology

The focus on homeowners and landlords who can afford
to pay does not mean ignoring those who cannot, or the
contribution that district energy schemes can make. Both of
these are essential aspects of a national programme, and need
to be considered together. Policies, standards and regulations
for new build and retrofit need to be considered holistically. It
makes no sense to allow new new homes to be built that will
require substantial retrofitting in ten years’ time.

To maximise private investment in the deployment of
technology, government must be clear on the long-term
direction of policy.

Scale
Creating and maintaining demand at scale will give
investors confidence, spur innovation and reduce costs –
making retrofits affordable.

Skills and supply chains
Demand at this scale would start to improve skills and
supply chains, and lower costs. Once costs start to come
down and those able to pay see that it works, then market
development is more likely to be self-sustaining.
A meaningful commitment of work over a long period
drives competitive pricing. It also improves credit terms.
And it encourages recruitment and retention of a directly
employed workforce, as well as investment in training and
apprenticeships. The result is a sustainable workforce.

The Welsh Arbed scheme and the work of Fusion21 point
the way forward. They show that efficiencies gained from
Creating the necessary conditions will take time, and there
aggregating spending can create large-scale, effective and
is a risk that government support for residential retrofit will
affordable retrofit programmes that can be delivered by local
dwindle during that time. If this happens, industry could
supply chains.
lose the necessary skills. We recommend some early pilot
But how do you begin to create demand at a national scale? projects around the UK to help address this.
One promising solution is for the public sector to take the
lead by subsidising and organising retrofitting of the four
Funding
million or so energy-inefficient households that are in, or
For the homeowners and landlords who are able to pay, an
close to, fuel poverty.
unprecedented level of public-private collaboration will be
This will require funding from multiple sources, including required. Public funds and incentives should be blended
the Treasury. Maximising tax revenues for the Treasury will with private sector investment to address the risks and
also be important, so that any investment of public funds is achieve financing on the scale needed.
repaid with interest.
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Summary
Investors
Aggregation is key – by pooling projects owned by the
same client and by bundling projects owned by multiple
clients. This will reduce transaction costs for due
diligence processes and ensure projects are attractive to
investors. Fusion21 in Liverpool has pioneered bundling
of demand for products and services to create demand at
scale and reduce costs.
Work is underway in Europe and the USA to unlock
access to financing for the building renovation market
by standardising the way in which energy-efficiency
projects are developed and measured. Streamlining
transactions and making projected energy savings more
reliable will help to build a marketplace for standardised
energy-efficiency projects. Individual projects can then
be aggregated and traded by institutional investors on
secondary markets – just like mortgages or other assetbacked securities.
The largest utility company in the USA has just launched
a new pilot scheme that aims to accelerate energy
efficiency retrofits by the use of standardized protocols
and certification designed to make the projects more
attractive to investors and homeowners alike.

Private sector
investment
Increased
confidence

Create demand
at scale

Training

Long Term
Policy Direction

Reduce costs

Sustainable skilled
workforce

Local supply chains

Holistic thinking

Towards the delivery of a national residential energy efficiency programme

4

Summary
The goal of the energy-efficiency
programme is to make 28 million
homes warmer in winter and cheaper
to run, halving their total energy
demand and greenhouse gas emissions
in 25 years. To achieve this, the
programme needs the six main
components detailed below.

The main components of a national residential energy efficiency programme
1. Cross-party consensus

2. A robust knowledge base

To establish a long-term approach to the energy-efficiency
challenge, a cross-party consensus on an integrated and
enduring policy approach across the built environment is
needed. An energy-efficiency programme would qualify
as infrastructure development under the criteria set out
by HM Treasury. Making energy-efficiency a national
infrastructure priority is also supported by leading UK
business associations and businesses, including the
Confederation of British Industry. So it’s encouraging that
four of the main parties had this in their general election
manifestos.

The design of the programme must be based on
knowledge of:

Successive business cases will be needed:
• To make the case for public sector investment
• To appraise the main options for service delivery
• To provide national and devolved governments with a
roadmap for policy and regulation.
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• How to create customer ‘pull’ from those able to pay
• Which retrofit measures are best for different property
types and occupancies
• How to manage such a large-scale programme
• How to encourage innovation
• How best to fund energy-efficiency improvements for
those unable to pay
• How to attract private funding and investment
• What skills gaps exist and where, so that a provider
strategy can be developed

3. Aggregated funding
Spending on cold weather payments, the winter fuel
allowance and the warm homes discount amounts to almost
£3bn per year. But direct cash funding to help with bills is
like giving people £10 notes to burn to keep warm.

Publicly funded improvements to around four million homes
will cost at least £20bn over a decade. It will be necessary to
aggregate funding from EU structural funds, the devolved
administrations, local authorities, housing associations, ,
energy companies, the National Lottery and HM Treasury.
The experience of Revenue Decoupling in the USA also
has lessons for the UK. US regulators incentivise energy
suppliers to help their customers save energy, rather than
obliging them to do so.

4. Trusted organisations
Who should be the public face of the programme?
Organisations that are experienced in dealing with the
public and with retrofit at scale, that understand home
improvements, and are local. Housing associations, local
authorities and some social enterprises fit the bill.
Not all will want to become involved or be able to do so.
Some will need help from the private sector because of the
scale of the task, and those involved will change over time –
partly in response to public feedback on their performance.
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Summary
A national residential energy-efficiency programme requires excellent leadership and management.
While there are similarities to other major projects such as London 2012 or the installation of smart
meters in every home, the task is bigger, longer lasting and more complex.

5. Retrofit of homes in fuel poverty
The UK has about four million homes in or close
to fuel poverty. The enormous demand created
by improving these in ten years, combined
with the confidence provided by cross-party
consensus, will enable industry to invest,
innovate and drive down costs.

6. Retrofit of all homes
By the time the initial four million homes have
been tackled, millions of homeowners and
private landlords will find it easy, affordable and
desirable to improve the energy efficiency and
comfort of their homes.
All homes are unique, but most share many
characteristics with others of similar type built
at the same time, in the same region of the
country. We need to find common solutions that
can be delivered with minimal waste by mass
customization.
Over 25 years nearly all properties will undergo
extensive refurbishment. Part of the challenge
is to ensure that this includes measures to make
them more energy-efficient.

Residential typologies by BRE © IHS, reproduced with permission from BRE FB 71, The age and construction of English homes
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1. Introduction
The UK has about 28 million homes, of which almost 18 million are owner-occupied.
About 30% of all the energy consumed in the UK is consumed in homes – consumption
that is responsible for around 30% of the country’s greenhouse gas emissions.

To meet the UK’s 2050 greenhouse gas
emissions target, total energy consumption
needs to be significantly reduced and the energy
supply decarbonised. The two go hand in hand.

In this report we outline a plan for creating the
conditions in which the energy consumed in
all homes will be halved in 25 years. We begin
with a description of the benefits this will bring.

Halving the energy consumed in all homes is
a major challenge, but it will bring tremendous
economic, social and environmental
opportunities. The UK is well placed to
undertake this and reap the rewards, but success
requires careful planning, based on hard
evidence.

Then we describe the actions needed to
create the three building blocks of a national
residential energy-efficiency programme:

Pioneers of low-carbon renovation such as
Innovate UK’s Retrofit for the Future project
show that reductions in residential CO2
emissions of as much as 80% are achievable,
but only with very high standards of design and
installation, and integration of energy system
components. New technology can help, but
other issues need addressing: a lack of technical
knowledge; poor communication skills within
project teams; and unclear boundaries between
roles and responsibilities.

1. Create and maintain demand at scale
2. Learn and disseminate the lessons from
research and experience, especially from
schemes that did not perform as intended
3. Create the right governance framework.
As shown in the figure opposite, each building
block requires a series of underpinning actions.
In section five, we identify the first steps.
These are the things that will start to make a
difference and can begin immediately.

By 2045 energy use in UK homes will be halved

Create and maintain
demand at scale

• Design around
homeowners and
landlords to create
market pull
• Align policy
with business
development cycles
for the long-term
policy consistency
needed to create an
investment climate
• Begin with a publicly
funded scheme
for homes in fuel
poverty

Learn and disseminate
lessons from research
and experience

Create appropriate
governance framework

• Build on what
devolved
administrations,
RSLs and private
landlords have
achieved already

• Learn and apply
lessons from
projects like London
2012, Crossrail, the
digital switchover,
smart meter rollout
and North Sea gas
conversion

• Draw out knowledge
and insights from
existing data
• Identify gaps in
knowledge and
undertake research
to fill gaps
• Conduct large-scale
field trials to test
idea

• Make use of the
UK’s many existing
communities,
associations and
networks
• Recognise the
importance of
firms active in the
domestic repair,
maintenance and
improvement market

Create and maintain cross-party support for an integrated and
enduring policy approach across the built environment
Strategic framework for national residential energy efficiency
Towards the delivery of a national residential energy efficiency programme
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2. Benefits for the UK
A national residential energy-efficiency programme, properly designed
and managed, can deliver enormous benefits to the whole of the UK.

Benefits for the UK

Benefits for the public sector

Benefits for families and businesses

Increased GDP

Reduced demand on the NHS and social care

Higher employment and higher incomes

Increased tax revenues

Reduced benefit payments

Improved energy security, with a more
resilient economy that relies less on fossil
fuels and imported gas

Less investment needed in generating capacity
and future grid or network reinforcement

Improved quality of life thanks to lower energy
bills and improved environments

Improved UK balance of payments
A better balance of responsibilities for
economic development between central and
local government, and between government
and the private sector

Neighbourhood improvement
Regeneration of public housing estates
Lower social (and private) rent arrears

Substantial progress towards the UK’s 2030
and 2050 targets for reducing greenhouse gas
emissions
Compliance with the statutory obligations to
eradicate fuel poverty
Enables the electrification of heat and
transport
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Physical and mental health benefits with the
elimination of fuel poverty (particularly for
children, disabled and elderly people)
Improved learning, because children learn
better in warm homes
Opportunity to future-proof homes against
climate change
Opportunity to improve home security
A market for UK firms supplying the
construction sector with innovative energyefficiency products and services
Enhanced skills base
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3. Creating and maintaining demand at scale
The goal of the activities outlined in this report is to create the conditions in which millions of homeowners
and landlords choose to improve their properties to reduce energy consumption, and find it easy to do so.
In recent years a fluctuating policy environment
has made it difficult for the private sector to
play a part in reducing energy demand. Policy
measures have not been maintained long enough
for behaviour to change or for services to adjust
at the required scale. The frequent changes,
or indications of changes, have damaged the
confidence of investors.
Local authorities and housing associations
have been disillusioned and angered by the
withdrawal of subsidies at relatively short notice.
This has left them unable to implement contracts
that they had drawn up at considerable cost. And
supply chains have been similarly disrupted.
In contrast, real prospects for growth in a
market drive innovation. A sustained and
mature market then drives the reductions in
costs needed to make whole-house retrofits
affordable to millions of families.

Buying at scale has led to unit price reductions
for both local authorities and housing
associations. Scale also encourages a copycat
effect; not falling behind one’s neighbours can
be a powerful spur to action.
Many attractive energy-efficiency investments
will be small and distributed across large
numbers of homes. So potential energy-efficiency
investments need to be aggregated into large
pools of conforming projects to create enough
demand and spread risk at a portfolio level.
Work underway in Europe and the USA seeks to
create a consistent and transparent process that
promotes market development by increasing
confidence in energy efficiency as a demandside resource.

££ £

per home

£

per home
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4. Creating the right conditions
Although the UK is well placed to undertake a national residential
energy-efficiency programme, not all the foundations are in place.
Any programme will need to evolve over time so
flexibility and adaptability must be built in from the start.
A stable and credible policy framework within which a
national programme can flourish is also essential.

Financial
assistance

Build on
experience

With this in mind, the creation phase will:
• Build on what has been achieved already, and on what is
underway
• Use existing data to create new insights and knowledge,
and undertake research to fill any gaps
• Introduce a quality framework to drive up and enforce
minimum standards (following the recommendations of
the forthcoming Bonfield Review)
• Build on the many UK associations and networks that
could play an important role in a national residential
energy-efficiency programme
• Design around the customers to create market pull
• Design carefully targeted financial assistance for those
in or close to fuel poverty
• Implement standards for the documentation of energyefficiency investments to make it easier for the private
sector to invest in large portfolios of residential energyefficiency projects
• Encourage industry to apply the principles of lean
manufacturing and mass customisation to retrofit
• Design feedback mechanisms that make the programme
self-correcting and improving

Towards the delivery of a national residential energy efficiency programme

Quality
framework and
standards for
energy efficiency

Create Market
Pull

Feedback
mechanisms

Creation phase
Use big data

Mass
customisation

Lean
manufacturing
Build on networks
and associations
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4. Creating the right conditions
Use existing data to create new knowledge,
and undertake research to fill any gaps
Data alone is of little value. But if data can be contextualised, information may be created,
and insights derived. Knowledge can be generated, which informs strategy and policy.
Abundance

Build on what has been
achieved already, and
on what is underway

Data

Information

Knowledge

Strategy
Actionability

Diagram adopted from Nissen, M. E., ed., 2006. Harnessing Knowledge Dynamics: Principled Organizational Knowing & Learning. IRM Press

Around the country there are valuable
examples of energy-efficiency retrofit
activity at a significant scale. They are
mostly undertaken by local authorities, social
landlords and devolved administrations,
but there are also some by landlords in the
private rented sector. Some schemes have
been designed to be expanded and adopted by
neighbouring bodies.

It is particularly important to understand
why certain measures have not always
worked as intended and how different
measures interact. There are likely to
be unavoidable trade-offs but a more
integrated approach to decision-making
could ensure these are dealt with explicitly,
the co-benefits optimised, and the negative
impacts reduced.

Housing associations have published
significant research. There are valuable lessons
(both successes and failures) to apply to a
national programme. The appendix contains
a small selection of the many exemplary
programmes that exist across the UK.

It will be essential that researchers
have access to data from smart meters
to provide the feedback necessary to
understand what is working well and what
needs improving.
The providers of pay for performance
energy efficiency schemes will also need
that data so that they can be paid according
to the difference between metered usage
and adjusted baselines, aggregated on a
portfolio basis.
The UK has a huge amount of data relating
to the energy efficiency of homes, including:
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1. Homes Energy Efficiency Database
(HEED)
2. National Energy Efficiency Dataframework (NEED)
3. ONS construction industry statistics
gathered for BIS
4. DECC publishes national and official
statistics covering energy, climate
change, energy efficiency, fuel poverty
and related areas. The National
Household Model, built by CSE for
DECC, is a domestic energy policy
modelling and analytical tool covering
the whole of Great Britain
5. The Energy Saving Trust’s Home
Analytics service
6. The energy suppliers’ meter point gas
and electricity data
7. English Housing Survey
8. Scottish House Condition Survey
9. Welsh House Condition Survey

10. Northern Ireland House Condition Survey
11. Valuation Office Agency Council Tax data
12. Census data about the UK population
and its characteristics
13. Benefits data
14. Local authority housing stock models
15. Housing association asset databases
16. Private landlord asset databases
17. Ordnance Survey data
18. Calnea’s residential transaction prices
dataset
19. Landmark’s Domestic Energy
Performance Certificate Register
20. CSE’s Open Data
21. Data on the outcomes of retrofit
projects – such as Embed, which holds
data from Innovate UK’s Retrofit for
the Future project
22. NHS data on illness caused by or made
worse by living in cold damp homes
23. Residential thermal imaging data
11

4. Creating the right conditions
Build on existing networks
Many networks exist in the UK that could play an important role in the design
and delivery of a national residential energy efficiency programme. We need to
identify them and to understand their functions and build on what they do.
Harnessing them requires identifying them, understanding
their functions and building on what they do. Then it will be
possible to identify the roles that the different networks can
play, and the help that they might need.

The function of networks

For example, researchers have identified a large and
potentially highly influential group of actors who are
currently neglected in the debates which influence policy
development and effectiveness: advisers and installers (mostly
sole traders, micro-enterprises or small or medium enterprises
(SMEs)) involved in the repair, maintenance and improvement
(RMI) of existing homes.

Their objectives
These may include:
• community building
• filtering information
• facilitating
• learning
• providing resources
• convening stakeholders

The size of the UK’s RMI market is large (>£10bn pa) and if a
significant fraction of this activity contributed to low carbon
retrofit the impact would be considerable.
SMEs and builders’ merchants are often a household’s
first port of call for energy efficiency advice. It is therefore
important that policy and delivery go with the grain of the
good practice that many are already undertaking, and build
upon the knowledge and skills that exist at local level.

Towards the delivery of a national residential energy efficiency programme

Their purpose
• What change they are trying to achieve

Their geographic area of activity
These may be
• community
• city
• regional
• national
• international
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4. Creating the right conditions
Design around the customers to create market pull
Every aspect of the national programme needs to be designed with homeowners, landlords and tenants
in mind, and it must be aspirational. A whole-house retrofit where the occupants’ health, comfort and
wellbeing improve speaks to people more than just a projected reduction in the energy bill.
Designers of the programme should draw on lessons from
three workshops organised in 2013 and 2014 by the Royal
Academy of Engineering, the Royal Institution of British
Architects and Arup. These responded to the desire of
the Department for Communities and Local Government
(DCLG) to better understand behavioural issues when
developing policy for the built environment.
A report on the workshops noted that policy-makers are
designers; that policy-making is, at least in part, a creative
process; and that the following design principles are
relevant to policy-makers and policy-making:
1. View human behaviour in the built environment as a
complex socio-technical system
2. Use collaborative methods and tools to involve all key
stakeholders, especially end users, throughout the design
process
3. Include behavioural issues from the very beginning of
the design process, in particular making the behavioural
assumptions explicit at the outset
4. During design, explicitly consider key characteristics
of all users
5. Make it easy, fun and engaging to create and sustain
good habits

Towards the delivery of a national residential energy efficiency programme

6. Ensure the system gives users feedback at the right time
and in the right format
7. Empower users to handle problems with the system as
they occur
8. Learn and apply lessons from related domains

Field trials to test the efficacy of different customer
journeys for the uptake of energy-efficiency retrofits
should be developed. This needs to be done in partnership
with DECC, DCLG, the Department for Business,
Innovation and Skills (BIS), devolved administrations,
local authorities and businesses.

The lesson for a national residential energy-efficiency
programme is very clear: the customer journey is
paramount.

Networks such as Core Cities will have an important role
to play in sharing and exploring ideas and best practice,
and in driving improvements.

No matter how deep their understanding of consumer needs,
the designers of a national programme will still not be able
to predict with confidence how people will react to what is
offered. They must engage with potential customers early
and often to get feedback that will improve what is on offer.
This process is similar to iterative rapid prototyping of a
manufactured item. It can be a very effective way to give
confidence to funders and to the many companies, large
and small, whose commitment will be needed to deliver the
programme.

The scheme should not aim to work everywhere from the
start. It is much better to begin in selected locations, on
smaller projects where quality controls and design fees can
be included to get it right. Once lessons have been learned,
they can be applied to similar schemes elsewhere, and then
to larger and more complex schemes.

Recent experience of estate retrofit has shown the importance
of careful management, planning, and clear and consistent
communication with residents throughout the process.
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4. Creating the right conditions
Make it easy to pay for and invest in energy efficiency
There is no one-size-fits-all solution for stimulating demand through funding models. There are a number of
mechanisms for funding and financing energy-efficiency improvements, including market incentives, utility
obligations or public-sector supported grant or loan schemes, and on bill financing, sometimes known as pay as you
save. Some are more suitable for large-scale retrofit deployment than others. Simplicity and clarity are important.
There are schemes that have successfully funded largescale energy-efficient retrofits, and schemes that have
had lower take-up. These highlight the key principles that
should be followed in devising future funding models for a
national residential energy efficiency programme.
Any new funding approach, policy or programme should:
• For investors: deliver scale, reduce complexity and
provide technical reassurance plus a clear line of sight to
a long-term revenue stream
• Facilitate demand by creating value for the homeowner
• Maximise the return to government
• Facilitate demand by providing competitive and
affordable finance
• Seek to blend public funds with private sector
investment to address the risks and achieve the scale of
financing needed
• Engage with mortgage lenders
• Minimise the cost to the consumer and to government

Towards the delivery of a national residential energy efficiency programme

A key driver is sustained or improved asset values.
Schemes that incorporate broader capital improvements
and modernisation beyond energy-efficiency measures
experience a higher take-up.

In late 2013, the European Commission and the United
Nations Environment Programme Finance Initiative
established the Energy Efficiency Financial Institutions
Group (EEFIG). This specialist expert working group is
determining how to overcome the challenges of obtaining
German development bank KfW (formerly Kreditanstalt für
long-term financing for energy efficiency. Its research
Wiederaufbau) is behind one of the most successful publicshows that the most important factor for investors in energy
sector-supported housing retrofit schemes to date. Every
efficiency across Europe is standardisation of each element
year, it funds between 60,000 and 150,000 energy-efficiency
in the investment process.
projects. For each euro invested, between two and four euros
in taxes levied on the ensuing economic activity go back to EEFIG’s research also shows that: “Residential buildings
the public treasury.
… often have economically attractive energy-efficiency
investment returns, yet this market segment is highly
In the Netherlands, among a raft of measures designed to
fragmented and requires a successful and low-cost retail
reduce energy consumption, the National Revolving Fund
distribution strategy to engage at scale.”
for Energy Efficiency provides very low interest loans to
landlords and housing associations for energy efficiency
To achieve the potential of energy efficiency, we need
retrofits.
to transition from the limitations of today’s top-down
To date, little consideration has been given in the UK to
programmes to a system that can animate markets,
aggregating residential energy-efficiency schemes to meet
encourage innovation, and attract private capital.
the needs of private-sector funding.
An important part of the research phase will be to test and
refine different funding schemes.
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4. Creating the right conditions
Apply the principles of lean thinking and mass customisation to retrofit
Too often residential retrofit is characterised by partial measures undertaken unsystematically.
This leads to inefficiency, waste, re-working, disruption and unnecessary expense.
While it may not always be possible or desirable to carry
out a deep, whole-house retrofit in one go, a worthwhile
goal is to provide and install measures designed and
manufactured according to lean principles and mass
customisation. The Dutch Energiesprong scheme has
made significant progress in this direction.
Lean means creating more value for customers with
fewer resources, not just in manufacturing but in every
step of the retrofit process. Mass customisation enables
manufacturers to create specific products for each
customer based on their needs for a large number of
customers at a competitive price.
Arranging a whole-house retrofit should be no harder
than ordering a new kitchen; the installation should be
no more disruptive. Detailing is vital as all homes are
different. And this must not become a race to the bottom
with price – quality and design are vital.
The Edge Commission report Collaboration for Change
highlights the need to close the “scandalous” gap between
predicted and actual energy performance of buildings.
Confidence in the outcome of energy-efficiency retrofits
is essential – not only for homeowners, landlords and
investors, but also for a public sector that is asked to help
fund work for those in fuel poverty.

Towards the delivery of a national residential energy efficiency programme
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5. Immediate next steps
There are six steps that will help to create the right conditions and that can be undertaken immediately,
for minimal outlay. Underpinning these must be a clear focus on what will create the maximum value
for homeowners and private landlords, thus generating the maximum customer ‘pull’.
1. Begin preparation of the business case.
2. Begin a systematic research and development
programme that involves academia, industry and the
Energy Systems and Digital Catapults, providing a
clear pathway from research and knowledge to real
action.
3. Identify existing networks and associations active in
improving residential energy efficiency, and in
combating climate change and fuel poverty.
4. Identify and share best practice.
5. Create a planning environment that de-risks and
facilitates energy-efficiency retrofits.
6. Stimulate demand from homeowners and private
landlords.
Co-creation is essential for the success of any scheme.
Politicians and people from both within and outside the
construction industry should work together to create a
framework to deliver steps one to four.
Diversity of background, geographies, skills and
experience is essential. The terms of reference for the
steering group tasked with guiding steps one to six should
be brief and signed off by the appropriate national and
devolved ministers. The focus should be on using evidence
to inform the design of the national programme.

Towards the delivery of a national residential energy efficiency programme

The Energy Company Obligation (ECO) currently delivers
subsidised energy-efficiency measures. The current phase
will end in March 2017. The government is consulting
on a plan for a successor. In order not to lose skills and
supply chains, it is important that work continues as soon
as possible, preferably before April 2017.
If possible, qualifying work carried out before 2017
should be allowed to be ‘banked’ against the second
phase, to maintain some continuity of demand.
The successor scheme needs to be better targeted, and
attract lower administrative costs, than the current phase.
Later in this report we suggest that it could take 25
years to improve the energy efficiency of most homes in
the UK. It may be that a more ambitious programme is
needed to help meet the UK’s climate targets. An early
research task will therefore be to determine the optimum
duration of a national residential retrofit programme.

The current retrofit industry is fast disappearing and
needs to be supported through this transition. There is
much practical retrofit that should be taking place in the
next three or four years while the bigger programme is
designed.
It is important to identify and support schemes where
good design and supervision of quality are likely to be
in place, such as tower blocks and schemes for housing
associations and local authorities.
Phase 1 of the Arbed project, established in 2009, was
the largest programme of its type in the UK. It provided
energy-efficiency measures and other improvements to
over 7,500 households in Wales.
A dozen similarly sized whole-house energy-efficiency
projects should be delivered over the next three to four
years to test process, product and funding innovation.
The intention is not to replace programmes such as Arbed
and HEEPS but to build upon and complement them.
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5. Immediate next steps
1. Begin preparation of the business case
In line with Treasury guidance, the most important next
step is the preparation of the first part of the business
case, known as the Strategic Outline Case (SOC). This
will take around six months to produce and should be
sponsored by DECC.
The SOC is the first of three five-part business cases
required for public-sector funding of a major new
programme, the others being the Outline Business Case
and the Full Business Case.
The key purpose of the SOC is to:
• Establish the strategic context for the
spending proposal
• By strategic context is meant the fit with wider policy
objectives and relevant department plans, both
national and devolved; and the interaction with or
dependency on any other public sector programmes
• Evidence the case for change
• Establish the preferred way forward
The five parts of a business case
Strategic case - the programme must be supported
by a compelling case for change that fits with other
public sector goals
Economic case - the programme must represent best
public value
Commercial case - the programme must be attractive
to the market place, capable of being procured and
commercially viable
Financial case - the proposed expenditure must
be affordable
Management case - what is required from all parties
must be achievable
Towards the delivery of a national residential energy efficiency programme

2. Begin a systematic research and
development programme, involving the
Energy Systems and Digital Catapults
Potential funders of the research include:
• Research Councils UK (RCUK)
• The EU’s Horizon 2020 programme
• Innovate UK’s Small Business Research Initiative
(SBRI)
• Suppliers and contractors
Expert workshops organised by RCUK identified the
following priorities for UK energy demand research that
are relevant to the residential sector:
• System-level and socio-technical perspectives on
energy demand
• How large-scale and incremental technological
innovations could reduce energy demand
Energy retrofits will not happen at scale simply by giving
homeowners the ‘right’ information and motivating
them, as technological and economic models assume.
Homeowners are ‘carriers’ of social norms so the policy
and practice of energy retrofit must evolve to include a
much better understanding of its social aspects.
Research is also needed to explore the synergies between
improving the energy efficiency of homes and supplying
low-carbon energy through heat networks. DECC reported
last year that approximately 14% of UK heat demand
could be met by heat networks by 2030 and around 43%
by 2050.
Innovation will be critical to delivering a successful
national residential energy-efficiency programme. Lessons
need to be transferred from projects such as Heathrow

Terminal 5 and Crossrail, both of which have taken a
systematic approach to innovation.
Creating a shared research roadmap should be an early
priority. It would provide a common reference framework
for national residential research priorities that can be used
for shaping calls for top-down research funding and for
selecting bottom-up proposals.
Research will help to identify skills and training needs,
and should be accompanied by substantial field trials.
Innovation through R&D spending is essential, but has to
be done in conjunction with learning through deployment.
Innovate UK Catapult centres are intended to accelerate
and simplify the path from research to commercial
products in a number of industries. We would encourage
the Energy Systems Catapult to focus on demand
management in the domestic sector because it offers
the potential for very low-cost ways of reducing energy
demand. Demand management also links into the work of
the Digital Catapult.
At present, DECC has access to every household’s energy
consumption data. That will change with the advent
of smart meters. It is essential that trusted researchers
acting can continue to have access to monthly household
consumption data.
We would encourage urgent cross-Catapult work on
how the data captured by smart meters can be used to
help reduce residential energy consumption without
compromising confidentiality.
The key is to make doing the right thing ordinary. To
achieve this, research will be needed in the social,
technical, economic, environmental and political
aspects of retrofit. Some suggestions are given in the
appendix

17

5. Immediate next steps
3. Identify existing networks
and associations
These are organisations already active in improving
residential energy efficiency, and in combating climate
change and fuel poverty. Some work has already been
undertaken to identify them. With a comprehensive
understanding of what networks exist, what they do
and how they go about it, it will be possible to identify
the roles that the different networks can play, and the
help that they might need. Research has identified the
importance of recognising and understanding the local
and small-scale nature of the home repair, maintenance
and improvement industry.

4. Identify and share best practice
A number of organisations have recommended creating
a national hub for sharing best practice in retrofit –
something that would be of immense benefit.
But is a national hub the most efficient and effective
way of sharing best practice? And what other functions
are required to support a national residential retrofit
programme?
The UK has many networks actively engaged in
this and related areas. It may well be that many of
the existing networks, such as the KTN, can play a
significant role in sharing best practice. So one role of
a new national hub may be simply to coordinate the
activities of the networks.
Sharing of best practice should not be limited to
practitioners. It is important that the Building
Regulations Advisory Committee receives feedback to
help it define new regulations and standards for repair,
upgrade and renewal.

Towards the delivery of a national residential energy efficiency programme
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5. Immediate next steps
© Andrew Hazard

5. Create a planning environment that
de-risks and facilitates energy-efficiency
retrofits
If the planning process were easier, more energyefficiency works could be carried out, delivering an
economic boost and greater local employment.
English Heritage has provided guidance on suitable retrofit
measures for historic and traditionally built buildings.
Pre-approved locally appropriate solutions are needed
for external wall insulation, windows and roof-mounted
photovoltaic panels in conservation areas and other
‘ordinary’ areas.
First, planning officers and councillors must be familiar
with measures such as external wall insulation and
double-glazing, the options for, and pros and cons of,
ensuring a ‘similar appearance’. This should include an
understanding of the public benefits of such measures and
could be achieved through training and site visits.
As part of the research phase, the Association of Local
Energy Officers should survey how implementation
of planning policy on visible energy-efficiency and
microgeneration measures varies across the UK.
This research may identify a need for new legislation or
regulation.
Towards the delivery of a national residential energy efficiency programme

6. Stimulate demand from homeowners
and private landlords
Among the very first research activities in step one should
be area-based trials of ideas to stimulate demand. These
should be informed by analysis of previous attempts to
stimulate demand, to identify:
• What worked for which types of household in what
locations, and what needs were met?
• What did not work, and why?
Ideas to be trialled should include:
• Tax ideas, such as nudging Stamp Duty Land Tax (in
Scotland, Land and Buildings Transaction Tax)
• Funding ideas such as a Home Energy Revolving Loan,
UKGBC’s Help to Renovate and linking mortgage offers
to a property’s EPC
• Insurance-backed energy performance guarantees similar
to those offered under the Dutch Energiesprong programme
• Obliging landlords to tell prospective tenants of both the
rent and the likely cost of heating
• Extending the Enhanced Capital Allowance tax scheme
for businesses to cover measures commonly used in the
retrofit of tenanted residential properties
• Using local networks of micro-enterprises and SMEs to
influence homeowners
19

6. Outline timetable of next steps
The timetable below illustrates early activities that will help to create conditions for halving the
energy consumption of the UK’s homes in 25 years. It is offered as a starting point for the
development of a comprehensive national programme. See the appendix for further information.
Research and field trials inform
the developing business cases

2016

2017

2018

2019

Test ideas and learn lessons
for large-scale rollout.

2020

Assemble client body to act on behalf of national and devolved governments
1

Preparation of successive business cases

Strategic

Outline

Full

Treasury go/no go decision
Research conferences
2

Research and development activities (STEEP agenda)
Field trials

3

Identify and characterize existing networks
Strengthen and coordinate networks

4

Share best practice (identified at research conferences)

5

Create an enabling planning environment

6

Stimulate early homeowner & landlord uptake

Plan

Install

Plan

Test

Monitor

First conference: Review what
is known. Identify knowledge
gaps. Create research
roadmap. Initiate field trials.

Next phase of ECO (currently being planned to begin Q2 2017)
Later
Activities

Design and create governance framework
New national and devolved legislation & regulation as required
Begin national programme of improvements to fuel poor homes

Towards the delivery of a national residential energy efficiency programme

Start as early as possible, with
better targeting and lower
administrative costs. Maintain
skills and supply chains.

Area-based trials
of different ideas to
stimulate demand.
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The charts indicate the approximate rate at which the energy efficiency of the UK’s homes
would be expected to improve as a result of the national programme outlined in this report.
The graph below shows the rate of uptake of a range of energy-efficiency
measures over the past sixty years. In every case the uptake follows an
S-shaped curve. First innovators, then early adopters, then the majority
and finally the laggards all install the measures in their homes.

We have assumed that around four million homes out of the UK’s 28 million will
not be upgraded, either because their owners choose not to, or because it is sufficient
to connect them to low-carbon district energy schemes. The comfort and energy
efficiency of over 20 million homes would be improved by 2035.
The uptake curves below assume that large-scale retrofits will also follow a similar
S-shaped curve. They also assume that uptake begins with work on homes in or close
to fuel poverty. After two years the able-to-pay homeowners start to join in, slowly at
first and then in increasing numbers. At the peak of the programme, in the mid 2030s,
almost three million homes per year are being upgraded.

Privately and publicly funded uptake
24 million

Privately funded

21 million
18 million
Cumulative
number of homes

15 million

© IHS, reproduced with permission from BRE BR 480

12 million
9 million
Publicly funded

6 million
3 million

Year
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7. Indicative uptake of retrofit

Year
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The full appendix can be downloaded from www.arup.com/residentialretrofit
Contact: residential.retrofit@arup.com

