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Summary

This paper sets the scene for a three year research project, which is investigating and
evaluating the improvements being undertaken to existing deprived dwellings as part of a
Welsh Assembly Government funded scheme in Swansea, Wales (UK). It seeks to
determine how effective the improvements are at making energy and carbon emission
reductions, whilst improving occupant comfort, health and wellbeing in the deprived
dwelling. The research methodology includes thermography and occupant interview
surveys. The expected outcomes of the research include guidance for owners of existing
deprived dwellings by taking an ecological approach to improvements and also methods
to monitor and evaluate reductions in energy use and carbon emissions and obtain
occupant feedback.

Keywords: existing dwellings, energy use, carbon emissions, fuel poverty, occupant
attitudes and behaviour, Wales

1. Introduction

This paper is focused upon a research project, entitled ‘A study to investigate and test
traditional and ecological strategies to mitigate and adapt existing deprived dwellings for
climate change in the UK. The aim of the research is to investigate and develop an
ecological approach for technical and social improvements to deprived dwellings in
Wales. Through a review of existing literature, the paper examines the rationale, drivers
and incentives for improving and adapting existing deprived dwellings. It then introduces
and discusses the research project in terms of the research methodology and the current
and expected outcomes.

2. Improving and adapting existing dwellings

The rationale for improving and adapting existing deprived dwellings is driven by
requirements to reduce energy use, carbon emissions and fuel poverty and enhance
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occupant quality of life. Domestic energy use accounts for 27% of UK carbon emissions,
which is the main greenhouse gas contributing to climate change. With predictions for
global energy use to increase and the inevitable peak in oil and natural gas, there is
likely to be impacts on energy security and costs. As a result, levels of fuel poverty are
likely to increase. In the UK, domestic energy use accounts for nearly 30% of all energy
consumed, with older and detached dwellings consuming more energy due to their poor
environmental performance. For existing dwellings, the environmental performance is
calculated using a reduced data version of the Standard Assessment Procedure
(rdSAP). The results are given as a rating between A to G, with A representing the most
efficient dwellings. In the UK, 11% of existing dwellings have the lowest ratings of either
F or G, representing a significant risk to the health of occupants. Coupled with the
requirement to improve the physical performance of existing dwellings is the issue of
occupant attitude and behaviour. The differences in occupant behaviour can vary energy
consumption by up to 300%. Research shows that providing occupants with direct
feedback on energy use can have the most positive influence for changing behaviour to
reduce consumption.

The main drivers and incentives for improving and adapting existing dwellings in the UK
are in the form of: Building Regulations; Energy Performance Certificates (EPCs); energy
supplier obligations; VAT (Value Added Tax) reductions; and a Feed-in-Tariff, paid for
small scale electricity generation. Collectively these drivers and incentives have the
potential for making some contributions to increasing the environmental performance of
existing dwellings. However, without any monitoring and evaluation of the results, the
outcomes of these are effectively just estimates. Related to this is the need for research
on how effective the improvements are in relation to the techniques used and how
occupant behaviour affects the results in terms of the expected savings made. In
response, the Welsh Assembly Government have implemented the Strategic Energy
Performance Funding Programme (Arbed), which has the aim of delivering mass
adaptation to existing dwellings in deprived areas of Wales and includes conducting
monitoring and evaluation of the results. However, there is no methodology or funding for
this assessment, particularly for deprived dwellings.

3. Adaptation of existing dwellings in deprived areas of Wales

The first author of this paper is undertaking a three year research project within the
Ecological Built Environment Research and Enterprise (EBERE) group at the University
of Wales Institute Cardiff. Commencing in August 2010, the research involves monitoring
and evaluating a sample of mixed tenure existing deprived dwellings, which are receiving
improvement measures in Swansea, UK, through the Arbed scheme. The types of
measures being undertaken include installation of external wall insulation, replacement
space and water heating systems, real-time energy displays and micro-renewable
technologies, such as solar hot water and photovoltaic panels.

The research methodology involves conducting a monitoring programme established in
collaboration with fellow researchers within the EBERE group. The methods of data
collection and analysis comprises: occupant interview surveys; thermography surveys;
studies of internal and external environmental conditions; and recording of technical
solutions for improvement methods undertaken. The surveys will be conducted before
and after installation of improvement measures to allow comparisons to be made.

4. Discussion

The major findings of the research thus far has identified that adapting the worst
performing deprived dwellings in terms of energy use and carbon emissions is a priority.
This is evidenced by the strategies which have been implemented at both a European
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and UK national level. However, it can be argued that if overall targets are to be met then
the scale of adaptation needs to extend far beyond what current measures address.

The study thus far has reviewed predominately UK published literature as a means of
assessing the requirements, drivers and incentives for mass adaptation of existing
dwellings. In addition, the literature review has provided grounds for monitoring and
evaluation to determine if the improvements have the desired results and how these are
affected by occupant behaviour patterns. To date (July 2011) the research has included
the commencement of data collection in the form occupant interviews and thermography
surveys, prior to installation of improvement measures. The next stage of the research is
to record the technical solutions undertaken and conduct follow up surveys to obtain
results for analysis. Following analysis of the results, guidance for future adaptation
projects can be produced, based on the findings. This can be disseminated in the form of
technical solutions and a monitoring strategy which can be implemented by Housing
Associations across Wales and the UK.
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1. Introduction

This paper is focused upon a research project entitled ‘A study to investigate and test
traditional and ecological strategies to mitigate and adapt existing deprived dwellings for
climate change in the UK’. The aim of the research is to investigate and develop a best
practice approach for technical and social improvements to deprived dwellings in Wales,
taking an ecological focus to reduce energy use, carbon emissions and fuel poverty and
increase occupant quality of life. The paper commences by discussing the rationale for
improving some of the most deprived dwellings in the UK. It goes on to explore the
environmental performance of existing dwellings and occupant behaviour in relation to
energy use. This is followed by an examination of UK drivers and incentives for the
adaptation of existing dwellings. In 2009 the Welsh Assembly Government (WAG)
introduced and funded the “Arbed” scheme, which is a Strategic Energy Performance
Funding Programme. The scheme aims to improve the worst 15% of deprived dwellings
in Wales, UK across both public and private ownership and forms the basis of the
research project. The next section explains the research methodology for undertaking a
monitoring programme, which include thermography and occupant interview surveys to
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investigate fabric heat loss and energy use before and after improvement measures. The
paper concludes by discussing some of the current and expected outcomes of the
research project, which after only eleven months (July 2011) have started to occur and
include an in-construction quality check for retrofitted external wall insulation.

2. Background and context

2.1 Rationale for improving existing dwellings

The requirement to improve existing dwellings is driven by three overarching objectives:
mitigating and adapting to climate change, maintaining energy security and eradicating
fuel poverty. Each objective poses specific challenges, yet there are possible synergies
to be obtained from a unified approach to improvements.

2.1.1 Climate change

The climate change projections for the UK include hotter and drier summers, wetter
winters and more extreme weather events. There is thus an urgent need to adapt
existing dwellings for both the future climate and to reduce carbon emissions resulting
from energy use [1, 2]. It has long been known that carbon dioxide (CQO.) is classified as
the ‘greenhouse gas’ which has the largest volume and therefore contributes significantly
to climate change [3]. In response to this, the UK government has set out legally binding
targets within the Climate Change Act 2008 for a reduction in carbon emissions of 26%
by 2020 and 80% by 2050 [4]. UK carbon emissions resulting from energy use in
buildings account for approximately 45% of total emissions, with domestic buildings
accounting for 27% [3]. Despite a UK reduction in total energy use between 2008 and
2009, claimed to be a result of the economic recession, the International Energy Agency
(IEA) forecast a global increase of primary energy demand to the year 2035. This will
inevitably continue the increase in carbon emissions and pose risks in terms of energy
security [5, 6].

2.1.2 Energy security

The main source of primary energy is fossil fuels, which are a finite resource that will
eventually peak. The IEA present two scenarios in the World Energy Outlook 2010, the
first is the ‘New Policies Scenario’, where existing policy commitments to reduce
greenhouse gas emissions are taken into account. The other is the ‘450 Scenario’,
where energy use is reduced to coincide with the capping of greenhouse gas emissions
at 450 parts per million of CO> equivalent (ppm CO: -eq), which is the recommended
goal for keeping global temperature increases to 2°C. In the New Policies Scenario
global production will peak by approximately 2035 following a continuous increase in
demand, cost and supply disruptions. Conversely, in the 450 Scenario global production
will peak in 2020. This will be due to weaker demand rather than diminishing reserves,
resulting in lower costs and less risks. However, with increasing demand from
developing countries such as India and China this best case scenario is unlikely to
happen [6]. In the UK, oil and natural gas has already peaked [5]. Since 2004 the UK has
been a net importer of these primary fuels, resulting in increasing reliance on less stable
countries for supplies, which could have an impact on both energy security and costs [5,
7].

2.1.3 Fuel poverty
Increasing energy use and costs, along with inadequate efficiency performance of
dwelling and low household income are all contributory factors to rising levels of fuel

poverty [8]. The definition of fuel poverty is where more than 10% of household income is
spent on energy use in the home. Where energy costs increase to more than 20%, then
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the household are classified as being in severe fuel poverty [9]. Between 2005 and 2006,
the number of fuel poor households increased by one million across the UK, to
approximately 3.5 million out of approximately 26 million homes [10, 11]. In 2008, the
number of fuel poor households in Wales was estimated to be 332,000, which is just
over 25% of all households in Wales and just under double that of the UK average,
demonstrating the magnitude and additional urgency of the situation in Wales [12].

The UK Government has set a target for eradicating fuel poverty in England by 2016,
whilst the WAG has set a target of 2018 for Wales. As with carbon emission reduction
targets, meeting these targets to eradicate fuel poverty will require a reduction in
domestic energy use [9]. Domestic energy use accounts for 30% of all energy
consumed in the UK, with over 75% of this energy used for space and water heating [5,
13]. Space heating requirements are linked to the amount of heat loss through the
building fabric. Higher levels of heat loss and inadequate environmental performance
result in greater energy use, costs and likelihood of occupants being in fuel poverty [14].
In particular, older and detached dwellings have a higher number of households who are
fuel poor due to their pronounced inefficient environmental performance [12, 14].

2.2 Environmental performance of existing dwellings

In the UK, the environmental performance of dwellings is audited by calculating energy
use and costs for space and water heating, ventilation and lighting, minus savings made
from technologies which generate energy. Auditing energy use in buildings is a
European requirement stipulated in the Energy Performance in Buildings Directive
(201/31/EU) (EPBD). The EPBD requires member states to set out a methodology for
calculating energy use and to produce Energy Performance Certificates (EPCs) for
buildings [15]. In the UK, the methodology used for calculating the energy performance
of new dwellings is the Standard Assessment Procedure (SAP), which provides a rating
ranging from one to 100 [16]. The best performance is where a rating of 100 is achieved,
representing the highest levels of heating system and building fabric efficiency. In
addition, the calculation includes other factors such as type of construction, the building
shape, size and orientation and window size and distribution [11]. SAP calculations are
used for assessing compliance with Schedule 1, Part L of the Building Regulations and
for producing EPCs [17,18].

For existing dwellings EPCs are produced using a reduced data version of SAP (rdSAP).
EPCs are required for all dwellings at the point of sale or let to provide potential
occupants with an energy efficiency rating to indicate energy use and costs and a list of
improvements which could be made to reduce these [11]. The energy efficiency rating
has a scale from A to G, with A being the most efficient and G being the least, similar to
that used for appliances to allow for ease of understanding [19]. However, the accuracy
of the information they contain is questionable. Unlike SAP, rdSAP does not take into
consideration details such as building orientation and thickness of insulation in
inaccessible areas. The surveyor, who collects the data, is not allowed to disturb or
damage the building fabric and therefore cannot accurately measure items such as
cavity wall insulation. In this situation, the option of ‘no access’ is selected when inputting
the data into the software and as a result, the minimum standard for the age of
construction is then assumed [20]. In terms of energy use in a building, the orientation
can make a significant difference. This is demonstrated with the principles behind
Passive Solar Design, which are a tried and tested method of designing low-energy
buildings by utilising solar energy as the main form of heating [21].

The majority of UK dwellings have a SAP rating between 41 and 70 [14], which correlate
to E and D ratings on an EPC [19]. However, there are around 3,000,000 existing
dwellings which have a rating of F or G, representing the poorest performance in the UK
[22]. Many of these are pre-1920 solid wall dwellings, along with other classified hard-to-
treat dwellings, which includes those: not on the mains gas network; without a loft space;
part of a high-rise block; or where standard efficiency measures cannot be implemented
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for technical reasons [14]. These dwellings, having a SAP rating of 30 or below, qualify
as a Category 1 Hazard for Excess Cold under the Housing, Health and Safety Rating
System (HHSRS) [22]. The purpose of the HHSRS is to ensure the health and safety of
occupants and visitors of a dwelling by providing a hazard severity rating for identified
risks [23]. In Wales, 11% of dwellings qualify as a Category 1 Hazard for Excess cold
(and just fewer than two per cent for Damp and mould growth) [24]. Category 1 Hazards
are the most severe with increased risks to the health of occupants and chances of being
in fuel poverty [22]. There is a great urgency for addressing these hazards and to
improve the environmental and physical performance of existing dwellings. However,
there is the additional issue of how dwellings are used by occupants, as this also
influences energy use and resulting carbon emissions [25].

2.3 Occupant behaviour

EPCs and more technical solutions alone are not enough to make the necessary
reductions in energy use and resulting carbon emissions from dwellings. Changes in
occupant lifestyles and behaviour have an important role to play in reaching the required
targets to mitigate climate change, maintain energy security and reduce fuel poverty.
Energy consumption can vary by up 300% as a result of differences in occupant
behaviour [26]. In turn this means that changing occupant behaviour can have immediate
and positive results for reducing energy use and subsequent costs [27]. However,
knowing what these changes should be is not always obvious. As a means of addressing
this issue, the UK Government created the Energy Saving Trust and Energy Advice
Centres to provide free advice to households on how to increase energy efficiency
through practical measures, which include occupant behaviour changes [28].

Energy efficiency advice is provided on the basis of theoretical assumptions made about
how homes are used by individuals; these are primarily based on a deficit of information
which could have a positive influence on energy use. Other assumptions include social
and cultural influences; however these are complex issues which cannot easily be taken
into account. The focus for overcoming the deficit of information is raising awareness
through education and providing feedback on energy use, either directly or indirectly.
Direct feedback, for example in the form of real-time monitors, has the greatest
influence, evidenced with savings of between five and 15%. This is compared to indirect
feedback, for example in the form of a periodic bill, which only provides savings up to a
maximum of 10% [26]. Where households are planning refurbishment works, a real-time
energy monitor installed beforehand would provide instant feedback on the effects the
improvements have made, hopefully further incentivising efficient use of energy within
the dwelling.

3. Drivers and incentives for adaptation of existing dwellings

To ensure the carbon emission reduction targets are achieved, the existing housing
stock will have to make its contribution with equal reductions, which is a formidable
challenge. “Setting targets is the easy part; how to roll out an effective upgrading
programme to this standard across the nation will require government intervention at a
level normally confined to war time” [29]. In the UK, the main legislative driver for
improving existing dwellings is the Building Regulations. Existing dwellings are covered
by Schedule 1, Part L1(b) of the Building Regulations (Conservation of fuel and power in
existing dwellings). These make requirements for improvements to be made where there
is work carried out that will affect the efficiency of either energy related services or
thermal elements (floors, walls, roofs, etc.). Guidance for complying with these Building
Regulations is covered by Approved Document L1B (ADL1B). Within ADL1B minimum
standards of heat loss (measured as U-Values) from thermal elements are
recommended where there is work carried out that involves more than 50% of the
external element or more than 25% of the entire external envelope [18]. Compliance with
the Building Regulations is a legal requirement. Local Authority Building Control Officer's
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duties are to ensure compliance with Building Regulations. However, enforcement and
even prosecutions for non-compliance are few and far between; this is mainly due to Part
L not being considered a priority by Building Control Officers [30].

Whilst the provision of EPCs is mandatory as a driver for behaviour change, following the
recommendations for the improvements is not. It has been argued by Brenda Boardman
of the Environmental Change Institute at Oxford Brookes University (UK) that EPCs
could have a further role to play in implementing strategies to improve existing dwellings
[22]. Boardman sets out a strategy which could utilise EPCs to drive up standards and
improve the efficiency of the housing stock. Firstly, the accuracy of EPCs should be
increased. Secondly, occupants need to be educated about the meaning of the ratings
on an EPC, i.e. that F and G ratings mean that much higher costs are being incurred for
energy. Thirdly, the ratings should be on full display in estate agents and there should be
an internet database providing details about each property’s rating. Fourthly, there
should be an online calculator to allow occupants to obtain provisional ratings without
having to pay out for a full survey. Finally and foremost, from 2010 no dwelling, starting
at a G rating, can be sold twice. It has to be improved by at least two bands (an E rating)
before it can be sold again. The rating for dwellings to be sold then moves up to an F
rating from 2013 and an E rating from 2016. The costs of the works should be clearly set
out on the EPC at the point of sale and the price should be reduced to reflect this,
allowing a margin for increased value for the new owner. The results would go a long
way towards meeting the targets of reducing emissions by 80% from the existing housing
stock by 2050 [ibid].

Other drivers for improving existing dwellings have been implemented by the UK
Government through energy supplier obligations under the Carbon Emissions Reduction
Target (CERT) and the Community Energy Saving Programme (CESP). CERT requires
energy suppliers to invest in energy efficiency measures across the housing sector to
achieve overall reductions of 185 MtCO, (Million tonnes of Carbon Dioxide) [31]. At least
40% of funding has to be directed at low income and elderly households, classified as
priority groups. The types of measures include loft, cavity and solid wall insulation, low-
energy lighting and appliances, heating system upgrades and micro-generation
technologies, such as solar thermal and photovoltaic panels [32]. CESP requires energy
suppliers to provide similar measures to households; however, it is only designed for
certain areas of low income, which are determined using the Income Domain of the
Indices of Multiple Deprivation. The programme supports a ‘whole-house’ approach to
encourage multiple measures to be implemented in a single dwelling [33]. Although each
of these schemes have the potential to make a substantial contribution to reducing
energy use from existing dwellings, the choice of measures to be implemented are
decided by the energy suppliers, unless other organisations are involved, such as
Housing Associations. The results have been primarily the provision of the easiest and
cheapest options, such as loft and cavity wall insulation and low-energy light bulbs [34].

There are limited financial incentives to encourage home-owners and private landlords to
improve existing dwellings. The main method is a reduced rate of Value Added Tax at
five per cent on certain professionally installed materials aimed at saving energy. These
include insulation and draught-proofing, hot water and space heating systems and
controls and micro-generation technologies [35]. A further incentive for installing micro-
generation technologies, which generate electricity, is the Feed-in-Tariff. Implemented
through powers made under the Energy Act 2008, energy suppliers have to pay a fixed
tariff for small scale (under 5 kilowatt) generation of electricity. There are two elements to
the tariff; a generation tariff, paid for each unit generated, regardless of whether it is used
or not, and an export tariff, paid for each unit exported to the National Grid. To further
encourage installations in existing buildings, the generation tariff for these is slightly
higher than for new build installations [36].

Collectively these drivers and incentives have the potential for going some way to
making a contribution to reducing energy use, carbon emissions and fuel poverty in the
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context of existing dwellings. However, without any monitoring and evaluation of the
results, the outcomes of these are effectively just estimates. Related to this is the need
for research on how effective the improvement measures are in relation to the
techniques used and how occupant behaviour affects the results in terms of the
expected savings made [37]. Moving in this direction, the WAG, with support from
European Structural Funds, have implemented the Arbed scheme, which has the aim of
delivering mass adaptation to existing dwellings in deprived areas of Wales. The scheme
is to be run over two phases, with the first to be completed by 31 March 2011. Arbed is
primarily being delivered by Housing Associations and has the following characteristics
[9]:

e Driving economies of scale and economic benefits through focusing
improvements on whole streets or communities;

Focusing on communities with high levels of fuel poverty;

Taking a whole-house approach to the assessment for improvements required;
Using local suppliers and installers wherever possible; and

Maximising utilisation of other funding opportunities, such as CESP.

Part of the Arbed scheme is to monitor and evaluate how effective the scheme and
measures have been in terms of reducing levels of energy use, carbon emissions and
fuel poverty [9]. However, there is no methodology or funding within the first phase of
Arbed for this assessment.

4. Adaptation of existing dwellings in deprived areas of Wales

This section of the paper introduces the aim, objectives and research methodology of the
three year research project being undertaken by the first author of this paper, within the
Ecological Built Environment Research and Enterprise (EBERE) group at the University
of Wales Institute Cardiff. Commencing in August 2010, the project is investigating and
developing an approach for technical and social improvements to deprived dwellings in
Wales, taking an ecological focus to reduce energy use, carbon emissions and fuel
poverty and increase occupant quality of life. The research involves monitoring and
evaluating a mixed tenure of existing dwellings, which are receiving improvement
measures in Swansea, UK, through the Arbed scheme. The monitoring is being
undertaken at critical stages to allow for an accurate evaluation of the improvements and
dissemination of the results, which can be referenced for future adaptation programmes.
The improvements are being managed by Coastal Housing Group, the industrial partner
to the research project, and Family Housing Association, both Housing Associations are
based in Swansea. The types of measures being undertaken, as part of the Arbed
scheme, include installation of external wall insulation, replacement heating systems,
real-time energy displays and micro-technologies, such as solar hot water and
photovoltaic panels.

4.1 Research methodology

In order to establish how effective the measures are at improving the environmental
performance of the deprived dwellings and occupant comfort levels, a monitoring
programme is to be undertaken. In addition, the technical solutions being implemented
are to be recorded to illustrate and evaluate the methods undertaken. The purpose of the
monitoring and evaluation is to determine how effective the adaptation measures are, in
terms of: thermal performance; occupant comfort; sustainability (from an ecological
perspective); buildability and maintainability; and lifecycle costs. As part of the process
the most appropriate methods for assessing the effectiveness of the improvements is
being explored.

The literature review for this research project has identified gaps in existing literature in
terms of: knowledge about occupant perceptions, behaviour and lifestyles in relation to
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domestic energy use; decisive strategies for mass adaptation and improvements for
existing dwellings in the UK; methods of monitoring and evaluating how effective
improvement measures are at reducing energy use, carbon emissions and fuel poverty
in existing dwellings; and results of monitoring and evaluating improvement measures to
existing dwellings, particularly in deprived areas of Wales. To address some of the gaps
identified, a methodology is being developed; partly in collaboration with John Littlewood
and Tim Taylor [38, 39, 40, 41], fellow researchers within the EBERE group. Littlewood
and Taylor [38 to 41] are working on research projects investigating and testing
monitoring strategies for low carbon dwellings, also in collaboration with Coastal Housing
Group. In developing a strategy for undertaking the monitoring programme for this
research project, the research questions, described in Table 1 below, are to be
addressed.

The monitoring programme includes the following methods of data collection and
analysis from across a sample group of dwellings receiving improvement measures
through the Arbed scheme:

¢ Occupant interview surveys using questionnaires developed to establish:
o Occupant profiles;
o Energy use;
o Types of appliances, lighting and space and water heating systems and
controls and ease of use by occupants; and
o Perceived occupant comfort levels.

e Thermography surveys: using infra-red camera technology to observe heat
loss/gains through the fabric.

e Studies of internal and external environmental conditions: using sensors installed
in dwellings to record internal environmental conditions (for example temperature
and humidity) over a period of at least one year and data on climatic conditions
for Swansea will be obtained from a local weather station, installed as part the
projects discussed in [38 to 40].

e Recording of methods undertaken to evaluate technical solutions, lifecycle costs,
ease and duration of installations and ecological ratings of materials.

The methods of data collection and analysis will be conducted for each phase of the
Arbed scheme. Occupant interview surveys and thermography surveys are being
undertaken before and after installation of improvement measures for each phase. In the
first phase of the Arbed scheme, typical approaches to the fabric upgrades, which use
materials with high embodied energy, are being utilised. It is anticipated that the first
author will be able to advise on more ecological materials to be used in the second
phase to allow a comparison to be made between the two approaches.

Table 1: Project work plan

Work Description Research Questions
Packages
WP 1 Identify methods of o What are the typical approaches to adaptation
refurbishment and of existing dwellings according to location,
monitoring through dwelling and construction type, orientation and
extensive literature occupancy?
review e What are the methods of monitoring and

evaluating the effectiveness of adaptations to
existing dwellings?

WP 2 Phase 1 — ¢ How effective are the improvement measures
recording and being undertaken as part of Arbed phase 1?
monitoring
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WP 3 Phase 1 — Analysis e What methods were used to improve the
existing dwellings as part of Arbed phase 1?

o What alternative methods could be used,

which take an ecological approach, to improve

the existing dwellings as part of Arbed phase

2?

WP 4 Phase 2 — e How effective are the improvement measures
recording and being undertaken as part of Arbed phase 27?
monitoring

WP 5 Phase 2 — Analysis e What methods were used to improve the

existing dwellings as part of Arbed phase 2?

WP 6 Overall findings e How do the two approaches compare, in terms

of overall effectiveness?

The expected outcomes of the research include guidance for Housing Association staff
to deliver ecological adaptation and the process for evaluating, planning and
implementing a monitoring strategy to record environmental performance and occupant
attitude and behaviour data for existing deprived dwellings. To accompany this, there will
be empirical information illustrating technical details utilising ecological materials for
building fabric upgrades, and data illustrating environmental performance and occupant
behaviour data for adapted deprived dwellings as part of an ecological and ‘whole-
street’, ‘whole-community’ approach.

5. Discussion

The major findings of the research thus far has identified that adapting the worst
performing existing dwellings in terms of energy use and carbon emissions is a priority.
This is evidenced by the strategies which have been implemented at both a European
and UK national level. However, it can be argued that if overall targets are to be met then
the scale of adaptation needs to extend far beyond what current measures address.

It can be argued that unless adapted existing deprived dwellings are monitored, methods
evaluated and results published, the lessons learnt cannot be implemented in further
projects and any mistakes may be repeated. Such knowledge is necessary for achieving
the overall aims of reducing energy use, carbon emissions and fuel poverty and meet
imperative targets to mitigate climate change and maintain energy security. Further still,
knowledge is required to avoid adverse implications for the health and wellbeing of
occupants from instances of induced deterioration of physical performance within
dwellings, as a result of inappropriate methods of adaptation. Coupled with this is the
need for greater knowledge about occupant attitudes and behaviour in terms of energy
use in existing deprived dwellings and perceptions on comfort and control of internal
environments.

The study thus far has reviewed existing literature as a means of assessing the
requirements, drivers and incentives for mass adaptation of existing dwellings. In
addition, it has provided grounds for monitoring and evaluation to determine if the
improvements have the desired results and how these are affected by occupant
behaviour patterns. To date (April 2011) the research has included the commencement
of data collection in the form occupant interviews and thermography surveys prior to
installation of improvement measures as part of the first phase of the Arbed scheme. The
next stage of the research is to record the technical solutions undertaken, make
recommendations for an ecological approach to the second phase of Arbed and conduct
follow up surveys to obtain results for analysis. The survey process will then be repeated
for the second phase of Arbed. Following analysis of the results, guidance for future
adaptation projects can be produced, based on the findings. This can be disseminated in
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the form of technical solutions and a monitoring strategy which can be implemented by
Housing Associations across Wales and the UK.

6. Conclusions

This paper has set out the background and context to a three-year research project
entitled ‘A study to investigate and test traditional and ecological strategies to mitigate
and adapt existing deprived dwellings for climate change in the UK. The context
includes the rationale for improving the thermal performance of some of the most
deprived existing dwellings in Wales (UK), which correlates with the requirement to meet
legally binding targets for reducing carbon emissions, overcome challenges to ensure
energy security and eradicate fuel poverty. In relation to these are the inadequate
environmental performance of existing dwellings and the impact of occupant behaviour
patterns in respect of energy use in households. The research project literature review
discusses the limited UK drivers and incentives for the adaptation of existing dwellings,
which revealed a requirement for the monitoring and evaluation of the improvements to
determine their effectiveness.

The paper has also introduced the reader to the Welsh Assembly Government funded
Arbed phase one scheme, which has set out to improve the thermal performance of
some of the worst 15% deprived private and publically owned dwellings in Wales by the
end of March 2011; managed through Housing Associations. The authors have identified
a key weakness in the Arbed phase one scheme and that is the lack of funding for a
detailed monitoring protocol, to assess the effectiveness of each Arbed funded project in
Wales. The paper has set out the aim and objectives for the research project, which
includes the development of a monitoring protocol to assess any reductions in energy
use and carbon emissions and changes in occupant attitudes and behaviour following
the improvement measures. The improvements are being managed by Coastal Housing
Group and Family Housing Association. The outcomes of the research are expected to
address gaps in existing knowledge through dissemination of practical guidance for
Housing Associations on ecological solutions to adapt dwellings for increased
environmental performance and occupant satisfaction.
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Abstract:

Improving the thermal performance of deprived existing dwellings is a prerequisite to
achieving aspirations of reducing energy use, carbon emissions, fuel poverty and
increasing occupant quality of life. This paper sets the scene for a 38 month research
project, which is investigating and evaluating the improvements being undertaken to
some of the deprived existing dwellings, as part of the Welsh Government’s Arbed
scheme in Swansea, UK. The project aims to determine how effective the improvement
measures are at increasing thermal performance. The research methodology includes:
classifying dwelling types and construction specification from a number of case study
dwellings; occupant interviews and thermography surveys; studies of internal and
external environmental conditions; and recording of technical solutions implemented. The
findings thus far reveal that to reduce fuel poverty in Wales’ existing deprived dwellings
requires improvement to the physical performance and changing occupant behaviour. The
case study dwellings are characterised by their low energy ratings and the risks they pose
to the health of occupants. These dwellings have solid exterior walls and require
appropriate technical solutions for upgrade. Determining how effective the improvement
measures are at increasing the thermal performance, requires a process of monitoring and
evaluation prior, during and post retrofit of improvement works. One of the expected
outputs from the research is the production of benchmarks for energy use in dwellings,
based on occupancy. This paper will be of interest to people involved in improving the
thermal performance of existing deprived dwellings in the UK.

Keywords:
Deprived existing dwellings, Occupant behaviour, Post-Occupancy Evaluation, Thermal
performance, Wales.

Introduction
The rationale for improving and adapting existing deprived dwellings is driven by

requirements to reduce energy use, carbon emissions, fuel poverty and enhance occupant
quality of life. Domestic energy use accounts for 27% of UK carbon emissions, with
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consumption at its highest in dwellings with the lowest energy efficiency ratings (Defra,
2007). Over 40% of pre-1919 dwellings in the UK have a standard assessment procedure
rating of 40 or below (Department of Energy and Climate Change, 2010; Department for
Communities and Local Government, 2006). Existing dwellings with the worst thermal
performance represent a significant risk to the health of occupants and increased chances
of being in fuel poverty (Boardman, 2007). Many of the dwellings have solid exterior
walls (EWs) and this necessitates careful consideration when planning improvements
(English Heritage, 2010). Coupled with the requirement to improve the physical
performance of existing dwellings is the issue of occupant attitude and behaviour towards
energy use. The differences in occupant behaviour can have a significant influence on
energy consumption (Janda, 2009).

In recognition of the requirement to make mass improvements and adaptation to existing
dwellings in Wales, the Welsh Government implemented the “Arbed” scheme. Arbed is
the welsh word for ‘save’. This is a Strategic Energy Performance Funding Programme
aimed at improving the worst 15% of deprived dwellings across both public and private
ownership. The dwellings are categorised by their residence within lower super output
areas, which is the method used in Wales to rank deprivation (Welsh Assembly
Government, 2008). Arbed is being implemented by Housing Associations (HAs) to
provide localised economic, social and environmental benefits. One requirement of the
Arbed scheme is to monitor and evaluate how effective the scheme is, in terms of
reducing energy use, carbon emissions and fuel poverty (WAG, 2010). However, there is
no methodology and limited funding to monitor several thousand dwellings, part of Arbed
stage one; thus, the research project was instigated.

The research is being undertaken within the Ecological Built Environment Research and
Enterprise (EBERE) group at the University of Wales Institute, Cardiff (UWIC). The
project is being undertaken with and is co-funded by Coastal Housing Group (CHG), a
HA based in Swansea. The research project is entitled ‘A study to investigate and test
traditional and ecological strategies to mitigate and adapt existing deprived dwellings for
climate change in the UK’. Commencing in August 2010, the aim is to investigate,
develop and test a best practice ecological retrofit methodology for technical and social
improvements to existing deprived dwellings in Wales, to reduce energy use, carbon
emissions, fuel poverty and thereby increase quality of life. The research involves
monitoring and evaluating a sample of dwellings, receiving retrofitted improvements
from Arbed funding allocated to CHG and Family HA (a second HA based in Swansea).

The research methodology includes both social and physical methods, which involves
undertaking a monitoring programme to establish how effective the measures are at
improving the thermal performance of the existing deprived dwellings and occupant
comfort levels. The methods of data collection and analysis include occupant interviews,
thermography surveys, studies of internal and external environmental conditions, and
recording of retrofitted methods. Except for the latter, all methods of data collection and
analysis require participation and co-operation of occupants living in the dwellings. As
part of the ethics approval granted by UWIC, the first author collecting data is to be
accompanied for safety reasons. This has the potential to pose a limitation on the data
collection, as it can sometimes be difficult to arrange diaries between the dwelling
occupant, the first author and the accompanying staff member.

The findings presented include a requirement to reduce fuel poverty in Wales through
improving the thermal performance of existing deprived dwellings and changing occupant
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behaviour. The worst performing dwellings present a challenge in terms of appropriate
methods for upgrading solid EWs. In order to determine how effective the retrofitted
improvements are, they are to be monitored and evaluated. The monitoring being
undertaken, as part of the research project, offers an opportunity to establish a benchmark
for energy use, based on occupancy, which does not currently exist for dwellings in
Wales (Leaman et al., 2010). The outcomes of the research are expected to be of benefit
to HAs through the provision of practical guidance on ecological solutions to improve
and adapt dwellings and for undertaking suitable monitoring and evaluation.

In summary, the main focus of this paper is the introduction of the first stage of a 38
month research project at UWIC; which is attempting to establish a benchmark for energy
use according to dwelling typology and the number of occupants in existing deprived
dwellings in Swansea. The paper discusses a literature review documenting
methodologies for the research project.

Monitoring and evaluating the thermal performance of improvements to
deprived existing dwellings

Introduction to Post-Occupancy Evaluation

The most common term for assessing and evaluating the thermal performance of
buildings is Post-occupancy Evaluation (POE) (Zimring, 2010; Leaman et al., 2010).
Originating in the 1960s and 1970s, POE has evolved from individual case studies to
evaluate the environmental performance of public and student dwellings, to a widespread
use for public and commercial buildings by the mid 1980s (Zimring, 2010; Stevenson and
Leaman, 2010). The main purpose of POE is to obtain knowledge on: how a particular
building is performing; how to make further improvements on future buildings; and
occupant comfort levels and behaviour (Leaman et al, 2010; Preiser, 2002). As with
product research, POE offers designers the opportunity to obtain feedback about changes
in requirements, which can then be implemented in the development of future buildings
and components (Preiser, 2002).

Early POE studies utilised questionnaires, interviews, site visits and field observations to
gather information about buildings and their occupants (Zimring, 2010). Methods of data
collection have evolved into established techniques which, in addition to those used
initially; include recording of technical solutions and performance of the building fabric,
services and systems, and assessing environmental performance. The most challenging
aspect of POE is obtaining cooperation of occupants in order to gain access. As a result,
the choice of methods undertaken should be limited, as far as possible, in terms of
intrusiveness, duration and costs (Leaman et al., 2010). In terms of obtaining occupant
perceptions, questionnaires and interviews should investigate comfort, health and control
of the internal environment, in relation to heating, cooling, lighting, noise and safety.
Publishing results is an important aspect of POE; if results are not shared then it is more
difficult for others to learn from the experience, which is one of the main objectives of
POE (Leaman et al., 2010). To keep within the boundaries of the data protection Act
(1998), all data must be anonymously documented and published.

One of the standard requirements for POE is obtaining a benchmark in terms of energy
use based on occupancy, which do not currently exist for dwellings. One reason for this
absence is due to the constraints posed by gaining access to collect data (Stevenson and
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Leaman, 2010; Leaman et al., 2010). Furthermore, benchmarks must be derived from
empirical data, rather than theoretical or modelled data; comprising at least 30 studies in a
given geographical area (ibid). This data can then be used to develop benchmarks for
different dwelling typologies (detached, terraced, flat, etc.) and occupancies (Leaman et
al., 2010). However, for this data to be meaningful, it is not necessary to have 30 samples
for each category, four is sufficient (Leaman et al., 2010; Energy Saving Trust, 2008).
Following collection and data analysis, a comparison can be made to establish an
appropriate norm for different household types, within the wider community (Stevenson
and Leaman, 2010). This is of particular relevance in the emerging field of POE for
improvements made to existing dwellings (Leaman et al., 2010).

Assessing improved and adapted existing dwellings

The National Audit Office (2008) states that, in order to determine how effective any
thermal improvement measures are, they need to be evaluated. Evaluating the thermal
performance of improved existing dwellings is thought not to be well documented or
researched. However, the strategy entitled “Evaluating energy and carbon performance in
the ‘Retrofit for the Future’ demonstrator projects” has been developed by the Energy
Saving Trust (EST) for the Technology Strategy Board’s (TSB’s) Retrofit for the Future
(RFTF) programme, which commenced in 2009 (TSB and EST, 2009). The main
objectives of this EST and TSB strategy include: measuring energy consumption and
carbon emissions; to provide a comparison between baseline (designed) performance,
actual performance and the targets set for the project; and determining what contribution
key design features, such as air-tightness, insulation and renewable energy sources, have
made to overall improvements to energy performance (TSB and EST, 2009). The targets
include 17 kilograms per square meter (m?) per annum (p.a.) for carbon dioxide (CO2)
emissions and 115 kilowatt hours/m?/p.a. for energy use (TSB et al., 2009).

To meet the aims of the EST and TSB strategy (2009) above, data collection and analysis
techniques are drawn from those used for assessing new dwellings and include: air-
leakage pressurisation tests; thermal imaging; co-heating tests; walk-through inspections;
dwelling performance monitoring (temperature, relative humidity and CO: levels);
outputs from renewable energy sources; occupant interview surveys; and trade and
building owner satisfaction surveys (TSB and EST, 2009). Air-leakage pressurisation
tests, thermal imaging and walk-through inspections are required to be carried out before
and after retrofitted improvement measures. Whilst, co-heating tests are not mandatory,
they pose a significant inconvenience to occupants, as the dwelling will need to
unoccupied for a period of at least two weeks in order to conduct the test. In addition, the
costs of the equipment required for carrying out all the tests can be very expensive per
dwelling (ibid). There are 86 individual properties being refurbished across the UK as
part of the TSB’s RFTF programme and the intention is to provide data and knowledge
for future improvement and adaptation of existing dwellings (TSB, no date). Whilst, this
information is important for moving forward in terms of taking a ‘whole-house’ approach
to improving and adapting existing dwellings, it may not provide information about
taking a ‘whole-street’ approach.

Focusing on existing deprived dwellings

The instigation of the research project was as a result of the lack of funding in the Arbed
stage one scheme, to assess and monitor the effectiveness of the retrofitted improvement
measures in Wales. In order to establish methods of improving the thermal performance
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of existing deprived dwellings and determining how effective retrofit measures have
been, by using some of the research methodologies used as part of POE studies, it is
necessary to examine these key issues: what fuel poverty means; how these dwellings are
categorised; the challenges they pose; and the possible solutions for overcoming these
challenges.

Fuel poverty in Wales

The definition of fuel poverty is where more than 10% of household income is spent on
energy use in the home. Where energy costs increase to more than 20%, then the
household are classified as being in severe fuel poverty (WAG, 2010). Between 2005 and
2006, the number of fuel poor households increased by one million across the UK, to
approximately 3.5 million of 26 million dwellings (Defra, 2008; DCLG, 2008). In 2008,
the number of fuel poor households in Wales was estimated to be 332,000, just over 25%
of all households; and just under double that of the UK average. These incidences of fuel
poverty are linked to the age and energy efficiency rating of the dwelling (Howarth,
2010).

Characteristics of deprived existing dwellings

The majority of UK dwellings have a D or E energy efficiency rating, based on Energy
Performance Certificate calculations (DCLG, 2006; EST, 2010). However, Boardman
(2007) highlights that there are a significant number of dwellings in the UK with the
lowest ratings of F and G. All G rated and most F rated dwellings qualify as a Category 1
Hazard for Excess cold under the Housing, Health and Safety Rating System (HHSRS)
(ibid). The purpose of the HHSRS is to ensure the health and safety of occupants and
visitors to a dwelling by providing a hazard severity rating for identified risks (Decent
and Safe Homes, 2007). Category 1 Hazards are the most severe with increased risks to
the health of occupant and chances of being in fuel poverty (Boardman, 2007). In Wales,
11% of dwellings qualify as a Category 1 Hazard for Excess cold (Howarth, 2010).

Within the UK, 40% of F and G rated dwellings are in Wales (Burrell, 2011). As of the
31% March 2010 there were approximately 1,340,000 dwellings in Wales and of these
30% are pre-1919 dwellings and 90% of these dwellings, have solid EWs (Burrell, 2011;
and Howarth 2011). Dwellings with solid EWs lose approximately 45% of their heat
through this construction element alone and can pose particularly challenging in terms of
upgrading to reduce heat loss (EST, 2011; English Heritage, 2010). Traditionally
designed pre-1919 solid EWs are often described as being ‘breathable’ (May, 2005;
English Heritage, 2010; Ty-Mawr Lime, 2010). This is because these particular types of
EWs were constructed with permeable and hygroscopic materials, which allow moisture
to be absorbed and released through evaporation, both internally and externally (ibid). In
terms of the thermal performance, maintaining the breathability of vapour permeable and
hygroscopic materials is critical as this assists with controlling the relative humidity in the
internal rooms of a dwelling (May, 2005; May 2006). In turn, this is fundamental for
occupant health in terms of indoor air quality, as these physical properties aid control of
mould, dust mites and bacteria (ibid).

Overcoming the challenge of upgrading solid EWs

The method recommended by Immendoerfer et a/ (2008a) for improving the thermal
performance of solid EWs is by installing insulation, either externally or internally, to the
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EWs. However, Immendoerfer et a/ (2008a) argues that external wall insulation (EWI) is
a better intervention than internal wall insulation. This is because EWI leads to better
reductions in air-leakage and the risks posed by thermal bridging at wall and floor
junctions. Nevertheless, using EWI can pose a challenge in certain areas of EWs. For
example, where windows and doors are not being replaced, there may be restrictions on
the thickness of insulation that can be returned at the reveals. This poses a significant risk
of thermal bridges, which could lead to condensation, resulting in internal mould and
damp patches around windows and doors (English Heritage, 2010; Immendorfer et al,
2008a; Immendorfer et al, 2008b; EST, 2006). In addition, careful attention is required at
roof verges and eaves to minimise thermal bridging in these locations. Where dwellings
front directly onto a pavement, this will restrict the thickness of insulation that can be
used. This can impact on the choice of insulation materials, particularly where there is a
desired thermal performance being targeted (ibid).

When selecting insulation materials, Garbutt (2008) argues that one of the most important
selection criteria is the potential reductions in energy use. This argument has resulted in
recommendations for upgrading solid EWs and thus manufacturers focusing on supplying
insulation products with the lowest thermal conductivity values possible (EST, 2006;
Shore, 2008). Thorpe, (2010) and the EST (2006) highlight that the most commonly used
insulation materials in the UK are from fossil fuel derived rigid boards (such as phenolic
foam) and mineral derived batts (such as Fibreglass wool). Furthermore, Thorpe, (2010)
and the EST (2006) state that mineral derived batts have some vapour permeability
properties, if installed as part of an EWI system; yet none of the fossil fuel derived
insulation products discussed provide the hygroscopic properties required for maintaining
breathability within internal rooms of buildings. Consequently, using these materials
could have adverse effects by conversely reducing thermal performance and potentially
introducing mould and damp into the original structure, leading to potential health risks
for occupants (English Heritage, 2010; May, 2005).

In addition, the authors’ believe that consideration should be given to the environmental
impacts from the extraction and processing, toxicity and overall embodied energy of
materials specified in the retrofit of existing deprived dwellings. The most common
supplied insulation materials (discussed above), with the lowest thermal conductivity,
tend to have higher embodied energy when compared to natural insulation materials
(Shore 2008). For example, mineral wool insulation has an approximate thermal
conductivity of 0.032 W/mK and primary embodied energy of 230 kWh/m>. Whereas,
sheep’s wool insulation which can be used in comparable locations to mineral wool, has
an approximate thermal conductivity of 0.039 W/mK and primary embodied energy of 30
kWh/m? (Shore, 2008).

The main natural materials suitable for use as EWI, which offer suitable physical
properties for upgrading solid EWs, include Lime Hemp plaster and Wood Fibre board’s
(English Heritage, 2010; Ty-Mawr Lime, 2010). Whilst the EST (2006) list wood fibre as
an option for EWI, they have not listed the added benefit and additional requirement
documented by May (2005, 2006) of this material, which includes the breathability and
the need for a breathable finishing layer, such as lime render, respectively (Ty-Mawr
Lime, 2010). In terms of reducing heat loss, these natural materials can achieve
respectable results. For a typical pre-1919 solid stone wall of 500mm thick the existing
level of heat loss is approximately 1.9 W/m’K (ibid). Ty-Mawr Lime, a producer of
specialist lime products, recommend that Hemp Lime plaster is applied at a thickness of
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50mm, which can reduce the heat loss to approximately 1.2 W/m?K. The greatest
reduction of heat loss can be achieved using wood fibre boards. Heat loss can be reduced
to the recommended level of (approximately) 0.30 W/m?K using 100 mm thick wood
fibre boards (ibid).

Whilst physical upgrades are imperative for improving the thermal performance and
occupant quality of life within existing deprived dwellings, they will only achieve limited
reductions in energy use, carbon emissions and fuel poverty. In order to achieve
maximum reductions, physical upgrades need to be coupled with changes in occupant
behaviour and attitudes towards energy use and efficiency in dwellings.

Integrating POE with strategies to change occupant behaviour

Energy consumption within dwellings can vary by up to 300% as a result of differences in
occupant behaviour (Janda, 2009). In turn, this means changing occupant behaviour could
have immediate and positive results for reducing energy use and their subsequent costs.
However, knowing what changes are required to occupant behaviour is not always
obvious due to individual lifestyles. The main focus of energy efficiency advice has been
to raise awareness of impacts of energy use, with the anticipation that this will result in
the appropriate actions being taken (NAO, 2008). Despite the distribution of energy
efficiency advice there remains a gap between awareness and action to reduce energy use
(ibid). It has been argued by the National Endowment for Science, Technology and the
Arts (Nesta) (2008) that enabling lasting behaviour change amongst occupants requires
advancing beyond awareness. It is claimed that this could be achieved by utilising a
community-based social marketing (CBSM) strategy (ibid). As an alternative to merely
providing information to occupants, CBSM provides an effective and pragmatic strategy
to changing occupant behaviour (McKenzie-Mohr, 2010).

The CBSM strategy supports claims that integrated and interactive education is crucial to
the occupant’s role in taking more responsibility for energy use and efficiency in the built
environment (Janda, 2009). The strategy is implemented in stages and involves:
identifying barriers that prevent occupants making changes to their behaviour; identifying
appropriate ‘tools’ for implementing an effective approach; piloting different approaches
on a small sample of the community prior to full implementation; and evaluating the
effectiveness of different approaches, following full implementation (McKenzie-Mohr,
2010). In support of this technique, Brook Lyndhurst (2010) has undertaken a scoping
study for the Welsh Government on how CBSM could be utilised to reduce carbon
emissions as a result of occupant behaviour by Welsh residents. The study involved a
detailed review of the tools available. These include: regular surveys, checks and audits;
visits from local expert advisors and champions demonstrating their own positive
behaviour; highlighting cost reductions that can be achieved; developing community and
social norms through group work; gaining individual commitments to meet goals within a
given period of time; energy monitoring and feedback; and demonstration homes to
exemplify positive behaviour. The study concluded with recommendations that included
utilising a selection of the tools in combination in order to achieve maximum benefits.
Many of the tools correlate with established methods of undertaking POE (as discussed in
section 2.1). This offers an opportunity for making the transition from awareness to action
at the same time as gathering valuable data.
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Research Methodology

The literature review in Section two above has identified the requirement for: establishing
a benchmark for conducting POE for dwellings, in terms of energy use and occupancy;
assessing improvements made to existing dwellings, in terms of building performance and
occupant satisfaction; the use of ecological materials for EWI when upgrading solid
walled existing dwellings; and proactive engagement with occupants to encourage
positive actions to be taken for reducing energy use and subsequent carbon emissions. In
an attempt to address some of these requirements, the research project, being undertaken
by the first author of this paper, involves conducting a social and physical monitoring
programme on a number of the existing deprived dwellings, which have received retrofit
improvement measures in Swansea, as part of stage one of the Arbed scheme.

The social monitoring programme consists of: occupant interview surveys, using a
questionnaire to establish pre-retrofit and post-retrofit improvement energy use, carbon
emissions and perceived comfort and control of internal environment. The physical
monitoring includes thermography surveys to establish pre-retrofit and post-retrofit
improvement heat loss through EWs; and subject to funding longitudinal studies of
internal and external environmental conditions, to obtain air temperature and relative
humidity data over a period of at least one year. Furthermore, recording and evaluation of
the construction retrofit details, as installed for EWI compared with the design details, to
investigate whether: design specification has translated into construction (through retrofit
solutions); any deficiencies or problems; lifecycle costs of measures installed; ease and
duration of installation; and ecological ratings of materials used. It is anticipated that the
data collection and analysis will be repeated for a second stage of Arbed, which is to be
implemented later in 2011.

The choice of techniques for the monitoring programme corresponds with established
recommendations for undertaking POE (as described in section 2.1 above). Participation
by occupants is completely voluntary and disruption is kept to an absolute minimum.
Each occupant is contacted by letter to make mutually convenient arrangements for
conducting the monitoring. For the occupant interview surveys, a questionnaire has been
developed by the research team (authors of this paper) and has been approved by UWIC’s
ethics committee. The use of a questionnaire enables a structured interview to take place,
which can then be replicated with all participating occupants to ensure consistency of data
gathered. Structured interviews, which ask closed questions, also allow quantitative data
to be gathered more readily (Haigh, 2008). Where attitudes are to be recorded and to
enable these to be quantified, the Likert scale has been employed. The Likert scale uses
either a five-point or seven-point scale to gauge attitudes (Hoxley, 2008). The interviews
are being conducted face-to-face in occupant’s homes.

The questions aim to gather data about: demographic information, such as tenure, age
groups and number of occupants; property details, such as type and age of dwelling,
construction and windows; energy use, in terms of quantity, expenditure and types of
appliances; space heating and hot water systems, such as type, age and controls; lighting
(artificial and natural); ventilation, in terms of use of mechanical extraction and opening
of windows; and perceived comfort levels and control of internal environment. In
addition, an opportunity is provided to comment on anything else not covered by a
particular question. The interview process commences by providing occupants with an
information sheet, stating: further details about the research project; that any personal
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data they provide is protected by the Data Protection Act (1998); that their participation is
voluntary; and they are free to withdraw at any time. Occupants are asked to sign a
consent form and the questions are then asked. The whole process takes between 20 and
40 minutes.

To date (July 2011), pre-improvement occupant survey interviews and thermography
surveys have commenced for the first stage of the Arbed scheme. Despite attempts to
undertake these in advance of the works commencing, engaging with occupants proved
virtually impossible until this time. Following advice from CHG staff, the first author was
advised not to commence any data collection until confirmation was given to occupants
that works were to proceed. As a result, some interviews have taken place during the
initial stages of works. However, it is being emphasised to the occupants that the purpose
at this stage of data collection, is to capture a representation of their views and attitudes
on the comfort and control of internal conditions and recording energy consumption from
utility bills, prior to commencement of retrofitting works.

Findings and Discussion

Burrell (2011) has revealed that the magnitude of the fuel poverty in Wales is exacerbated
by the scale of hard-to-treat, pre-1919 solid wall dwellings. Whilst it is necessary to
upgrade the fabric of these pre-1919 solid wall dwellings, the literature (English Heritage,
2010) has demonstrated that using the appropriate materials is of equal importance.
Despite the evidence from literature (May, 2005; and 2006) that maintaining the
breathability in solid walls is imperative for maintaining the integrity of the structure and
the health of occupants, the majority of literature, for example from the EST, promotes
the use of materials that do not pose the necessary physical properties. In addition, Ty-
Mawr Lime (2010) has revealed that appropriate fabric upgrades can be achieved using
materials that have less of an impact on global resource depletion, coupled with fewer
emissions as a result of the manufacturing process. Utilising POE methodologies offers
the opportunity to establish evidence for the most appropriate methods of upgrading solid
walls to improve the environmental performance and occupant quality of life within
existing deprived dwellings in the UK. In terms of conducting POE, there is a
contradiction between the recommendations for the best approach. Leaman et a/ (2010)
argue that methods should be minimal in terms of disruption, duration and expense.
Whereas the EST (TSB and EST, 2009) has put forward methods, which are
contradictory for the TSB’s RFTF programme and in addition, whilst the programme will
provide valuable data on the improvements that can be made to existing dwellings, it will
not provide a benchmark of energy use based upon occupancy of dwellings. This is
because properties being refurbished are not in one geographical area (ibid).

As a result of the monitoring and evaluation being undertaken as part of the research
project documented in this paper, it is anticipated that it will be possible to establish a
dwelling POE benchmark for energy use based on occupancy, in dwellings with solid
EWs, in Swansea. It should also be possible to obtain a benchmark for both pre-retrofit
and post-retrofit upgrades and for both a typical non-ecological and an ecological
approach to fabric upgrades using EWI on solid EWs. In addition, obtaining a benchmark
and developing a community norm for different dwelling and occupancy categories could
be utilised as part of a CBSM tool for encouraging changes in occupant behaviour.

Evaluating retrofitted external wall insulation

27



Appendix Il: International Post-Graduate Research Conference Paper

Conclusion and Further Research

This paper has set out the background and context to a 38 month research project entitled
‘A study to investigate and test traditional and ecological strategies to mitigate and adapt
existing deprived dwellings for climate change in the UK’, which commenced in August
2010. The context includes the rationale for improving the thermal performance of some
of the most deprived existing dwellings in Wales, which correlates with the requirement
to reduce energy use, carbon emissions and fuel poverty. In relation to these requirements
are the: methods of determining the effectiveness of improvement measures; challenges
posed by upgrading solid EWs; and strategies for encouraging behavioural change
amongst occupants. The paper has also revealed the opportunity to establish a dwelling
POE benchmark for energy use based on occupancy within deprived existing dwellings in
Swansea.

The next stage of the research is to record the technical solutions undertaken, make
recommendations for an ecological approach to the second Arbed phase and conduct
follow up interview and thermography surveys to obtain results for analysis. The surveys
will then be repeated for the second phase of Arbed. Following analysis of the results,
guidance for future improvement projects can be produced, based on the findings. This
can be disseminated in the form of technical solutions and a monitoring strategy, which
can be implemented by HAs across Wales and the UK.
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Abstract:

The purpose of this paper is to evaluate the execution of retrofitted external wall
insulation as a method of improving the thermal performance of pre-1919 dwellings with
solid exterior walls. Public and private case study dwellings in Swansea, UK, have been
monitored before, during and after installation of external wall insulation, which have
been funded by the Welsh Government’s Arbed I scheme. The installations have been
procured by a principal contractor through a ‘Design and Build’ contract with Coastal
Housing Group and Family Housing Association, based in Swansea. The methodology
for the research includes field observations, to record technical solutions implemented on
site, and pre-retrofit and post-retrofit thermographic surveys, to assess heat loss through
the dwelling fabric. The findings include photographic, technical and thermographic
evidence of potential thermal bridges, resulting from an incomplete covering of
insulation. Whilst some thermal bridging is unavoidable, some could have been avoided
with systematic preliminary surveys and technical detailing at the design stage and
improved execution of quality on site. Furthermore, external wall insulation
manufacturers are recommended to explore the development of additional products and
methods to enable thermal bridging to be avoided at critical junctions encountered at pre-
1919 dwellings. This paper will be of interest to stakeholders involved in improving the
thermal performance of existing dwellings in the UK.

Keywords:
External wall insulation, Evaluation, Pre-1919 dwellings, Thermal bridging, Wales

Introduction

Within the UK, Wales has some of the oldest and poorest quality housing stock.
Approximately 30% of dwellings in Wales were built prior to 1919 and of these 90%
have solid exterior walls, which mean they lose around 45% of their heat through this one
thermal element (Energy Saving Trust (EST), 2011a; EST, 2011b). In 2009, the Welsh
Government implemented the Arbed scheme in recognition of the requirement to make
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mass thermal improvements to the poorest quality dwellings in Wales (Welsh Assembly
Government (WAG), 2010a). Arbed is the Welsh word for ‘Save’. The scheme is a
Strategic Energy Performance Funding Programme, which is being run over two phases.
The aim is to improve the most deprived 15% of publically and privately owned
dwellings in Wales. The first phase of Arbed (Arbed I hereafter) has been delivered by
housing associations and local authorities across Wales (ibid). One of the funding
requirements was that monitoring and evaluation should be undertaken to assess the
effectiveness of the improvement measures (WAG, 2010b). However, the methodology
had very limited funding allocated for these assessments across Wales.

A three year doctoral research project was instigated in response to the requirement for
these assessments to be undertaken, which commenced in August 2010. The research is
being undertaken within the Ecological Built Environment Research and Enterprise group
at the University of Wales Institute Cardiff (UWIC). Working in collaboration with
Coastal Housing Group (CHG), based in Swansea, one of the objectives of the research
includes collecting and analysing data before, during and after retrofitted thermal
improvements through the Arbed I scheme in Swansea. The main improvement measure
undertaken and thus the main focus of the research is that of retrofitted external wall
insulation to pre-1919 dwellings with solid exterior walls.

The aim of this paper is to appraise the execution of retrofitted external wall insulation
applied to pre-1919 dwellings through the Arbed I scheme in Swansea. Retrofitting
insulation to improve the thermal performance of pre-1919 dwellings is relatively
uncommon in the UK. As a result, there is limited experience and guidance available,
particularly to older existing dwellings where typical construction details cannot be
applied. The potential outcome is for the possibility of avoidable thermal bridging and
consequent condensation. It is proposed that evaluating the installation of retrofitted
insulation through the Arbed I scheme in Wales offers an opportunity to analyse the
issues encountered at pre-1919 dwellings. To explore this proposal, field observations to
record technical solutions on site and pre-retrofit (pre-R:T) and post-retrofit (post-R:T)
thermographic surveys have been undertaken at a sample of pre-1919 dwellings in
Swansea. These methods are to be followed by trade, building owner and occupant
satisfaction surveys. The retrofitted insulation was initiated by CHG and Family Housing
Association (FHA), who are both housing associations based in Swansea. The
installations were implemented using a design and build contract with a principal
contractor, who employed sub-contractors to undertake the work. The site operatives also
had access to technical assistance from the manufacturers of the insulation systems.

The research is limited to the case studies in Swansea and thus not a reflection of
installations generally across the UK. Nevertheless, the findings could be applied to other
locations in the UK where there are pre-1919 dwellings. The key findings are that: the
occurrence of thermal bridging is either avoidable and unavoidable at different junctions
within the exterior walls; greater attention is required before and during the design stage
and during installation to ensure avoidable thermal bridges do not occur; and the suppliers
of the systems are recommended to explore the possibilities for additional products and
methods to minimise instances of avoidable thermal bridging further. The findings are
expected to be of benefit to stakeholders involved in implementing thermal improvements
to pre-1919 dwellings. This paper commences by reviewing literature to discuss the
advantages and challenges for using external wall insulation and methods of evaluating
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installations. This is followed by the research methodology, findings and discussion and
conclusions drawn from the research.

Retrofitting external wall insulation to solid exterior walls
External wall insulation

Whilst external wall insulation is not suitable for all dwellings with solid exterior walls,
for example where the external facade has a particular aesthetic value, it has many
advantages over the alternative of using internal wall insulation to improve thermal
performance (Immendorfer et a/, 2008a; Immendorfer et a/, 2008b). The main advantages
include: increased opportunities to achieve a complete covering and thus remove risks
posed by unavoidable thermal bridging, for example at partition wall and floor junctions;
improved air-tightness; thermal mass exposed to the internal space to control overheating
risk is retained; less disruption to occupants; no loss of internal floor area; and internal
fixtures and fittings do not have to be relocated or restricted to predetermined locations
(English Heritage, 2010; King and Weeks, 2010; Immendorfer et al, 2008a; Immendorfer
et al, 2008b; Construction Products Association, 2010).

Where a complete covering of insulation is not achieved, the cold un-insulated areas
(thermal bridges) will entice a concentration of condensation to these locations as the load
will no longer be shared by the other warmer surfaces (English Heritage, 2010). Thermal
bridging between thermal elements and around openings can be responsible for
approximately 30% of heat loss from a building (King and Weeks, 2010). Heat loss is
also reduced as a result of improving air-tightness. External wall insulation systems seal
gaps and cracks in the building fabric, which cause draughts as a result of warm air being
replaced by cold air. This cold air then requires heating, thus using more energy (EST,
2010). The use of external wall insulation can further reduce energy use as it allows the
thermal mass of solid walls to be retained for use within the dwelling, which aids the
maintenance of indoor comfort levels (Immendorfer et a/, 2008b).

Nevertheless, retrofitting external wall insulation can pose significant technical
challenges. Whilst challenges can be experienced in terms of repositioning rainwater
downpipes, external lights and satellite dishes for example, the main challenge is that of
avoidable thermal bridging. As with all domestic renovations involving existing thermal
elements, Approved Document L1B of the UK Building Regulations recommends that
thermal bridging is avoided wherever possible (H.M. Government, 2010). Minimising
instances of thermal bridging is critical to avoid internal and interstitial condensation and
reduce heat loss (King and Weeks, 2010). Whilst internal wall insulation poses a risk of
thermal bridging at partition wall and floor junctions, which are unavoidable, external
wall insulation presents challenges in other locations. To avert avoidable thermal
bridging, the design of retrofitted external wall insulation requires particular attention
when detailing: around window and door openings; wall to roof junctions; window sills;
and at any projections, such as porches or conservatories (CPA, 2010; English Heritage,
2010; EST, 2006; Immendorfer et al, 2008a). Appropriate preliminary surveys are
required to achieve design details to prevent avoidable thermal bridging (Energy
Solutions, n.d). These surveys are also a technical requirement stipulated under the
installation guidance for external wall insulation systems accredited by the British Board
of Agrément (BBA), for example certificate number: 03/4058, issued for one of Wetherby
Building Systems Limited’s external wall insulation systems (BBA, 2011).
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In some circumstances it may not be possible to achieve the necessary level of detailing
required to avoid thermal bridging (English Heritage, 2010). Subsequently, English
Heritage (2010) argues that, if the consequences of the thermal bridges are likely to be
severe, it may be better not to insulate at all. When other building work is being
undertaken, this could offer the ideal opportunity to install external wall insulation
without creating any thermal bridges. For example, where a new roof covering is being
applied to a dwelling with flush eaves, the roof could be extended to provide an overhang
to cover the top of the external wall insulation (CPA, 2010). The alternative is that the top
of the insulation is protected by a capping. Nonetheless, it is inevitable that with this
approach there will be a thermal bridge created at the eaves (ibid). The next issue to
overcome is one of execution. Once appropriate detailing at the design stage has been
achieved, this then needs to be coupled with delivery on site. Poor workmanship can
undermine design intentions, resulting in the occurrence of avoidable thermal bridging
and thus a reduced thermal performance (Immendorfer ef al, 2008a). In order to develop
knowledge of the issues surrounding thermal bridging, related to retrofitting external wall
insulation, undertaking an evaluation of installations could provide valuable feedback,
based on empirical evidence.

Evaluating retrofitted external wall insulation

The assessment of thermal performance of buildings is often referred to as Post-
occupancy Evaluation (POE) (Zimring, 2010; Leaman et a/, 2010). Established methods
of data collection include: questionnaires; interviews; site visits/field observations; and
recording of technical solutions and performance of the building fabric, services and
systems (ibid). In order to gain maximum cooperation from occupants and building
owners, where they differ, the choice of methods should be determined to limit
intrusiveness, duration and costs, as much as possible (Leaman ef al, 2010). Traditionally,
POE is undertaken for new buildings. However, there is an emerging field of POE for
existing dwellings that have received thermal improvements (ibid).

The most documented strategy in the UK is that which has been developed by the EST
and Technology Strategy Board (TSB) for the TSB’s ‘Retrofit for the Future’ programme
(TSB and EST, 2009). Drawing on methods used to assess new dwellings, data collection
and analysis techniques include: air-leakage pressurisation tests; thermal imaging; co-
heating tests; walk-through inspections; dwelling performance monitoring of temperature,
relative humidity and carbon dioxide (COz); outputs from renewable energy sources;
occupant interview surveys; and trade and building owner satisfaction surveys (ibid).
Thomsen and Rose (2009) advocate the use of infrared thermography to identify thermal
bridging, relating to execution on site. This claim is also supported by Pearson and
Seaman (2003), who argue that thermal imaging provides an efficient way of determining
the effectiveness of insulation applied to the fabric of buildings.

Research Methodology

The focus of this research is to evaluate the execution of retrofitted external wall
insulation installed to pre-1919 dwellings in Swansea, UK, through the Arbed I scheme.
The literature review in Section 2.1 above, highlighted that the main challenge when
retrofitting external wall insulation is that of avoidable thermal bridging, resulting from
either inadequate preliminary surveys or design details, poor execution or a combination
of all three. In terms of evaluating retrofitted external wall insulation, Section 2.2 above
listed a number of data collection methods and analysis techniques that could be used. In
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deciding upon a methodology for this research, the following factors were considered:
appropriateness; intrusiveness; duration; and costs. Co-heating tests, dwelling
performance monitoring and outputs from renewable energy sources are not considered
appropriate for evaluating the execution of external wall insulation systems. Air-leakage
pressurisation tests, in combination with thermal imaging, were considered inappropriate
because they are intrusive and disruptive from an occupant’s perspective.

Therefore, the methodological approach decided upon are: field observations to record
technical solutions on site, using photography and production of technical details; pre-
retrofit (pre-R:T) and post-retrofit (post-R:T) thermography surveys; and trade, building
owner and occupant satisfaction surveys. The lead and second authors of this paper are
Level One certified thermographers and have access to a thermal camera for use on the
project. The lead author is a qualified Architectural Technologist and therefore trained to
analyse technical details. In addition, approval has been granted by the appropriate UWIC
ethical committee for the questionnaires, developed to undertake the trade, building
owner and occupant satisfaction surveys. Collectively these methods of data collection
could provide sufficient information to effectively evaluate the execution of retrofitted
external wall insulation at pre-1919 dwellings. To date (October 2011), field observations
and pre-R:T and post-R:T surveys have been undertaken; these results are summarised in
Section 4 below. Trade, building owner and occupant satisfaction surveys are ongoing;
these results will be documented in a future publication.

Field observations

Field observations were undertaken before, during and after retrofitted external wall
insulation at the pre-1919 dwellings, which were part of the Arbed I scheme in Swansea.
In addition to the lead author taking photographs, CHG provided photographs from their
records for their Arbed I dwellings. Technical details were produced using a combination
of the photographs and observations made during site visits. Annotations have been added
to the details using information obtained from the manufacturer’s specifications. In
addition, the details produced from the field observations have been compared to the
external wall insulation manufacturer’s generic details.

Thermography surveys

The pre-R:T and post-R:T surveys were used to qualitatively assess retrofitted external
wall insulation at four pre-1919 dwellings. The thermal images produced from qualitative
surveys provide thermal patterns that indicate possible locations of increased heat loss.
The process for implementing the thermography surveys involved contacting each
occupant to: explain the purpose of the survey; advise them of the date, time and names
of the thermographers; and to request that they activate their heating prior to the survey,
to ensure there was a sufficient temperature difference between the outside and inside of
the dwelling. The environmental criteria for undertaking a thermographic survey includes
a minimum temperature difference of 10°, along with no solar radiation and precipitation
for the preceding hour and 24 hours, respectively and a maximum wind speed of 10
meters per second. In addition to the thermal images, photographs were taken to aid
visual interpretation when analysing the results.
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Findings and Discussion

This section of the paper provides an overview of findings from field observations and the
pre-R:T and post-R:T surveys undertaken at a sample of Arbed I pre-1919 dwellings in
Swansea (A to D). The results from field observations include photographs taken before,
during and after installations of retrofitted external wall insulation and technical details
produced using a combination of photographs, observations and manufacturer’s
specifications. The thermal images were taken before and after retrofitted insulation.

Field observations

The photograph in Figure 1 was taken during the installation of the insulation at sample
dwelling A. The grey area in the centre of the image has not been insulated for the reason
that if it had been then the occupant would not be able to open the window. The result is a
potentially large thermal bridge. This issue could have been identified in a preliminary
survey and a more acceptable solution to the problem determined. Figure 1 also shows a
potential thermal bridge at the eaves of the extension, which can be seen in the top left of
the image, due to a capping having been installed, below the fascia board, to cover the top
of the insulation. However, without extending the roof overhang, this approach to
protecting the top of the insulation appears to be the only solution offered by the
manufacturer.

The photograph in Figure 2 was taken during the installation of the insulation at the plinth
of the external wall, which joins the pavement in front of dwelling sample B. There are
gaps between the insulation boards and between the insulation and the rail supporting the
insulation that is covering the remainder of the wall above. These gaps appear to be due
to poor workmanship on site and could lead to condensation as a result of thermal
bridging. In addition, it would appear that there is sufficient door frame depth to
accommodate a reduced thickness of insulation at the door reveal. However, no insulation
was installed on the door reveal.

The photograph in Figure 3 was taken after the installation of insulation at dwelling
sample C and shows the eaves and gable wall junction of an end-terrace dwelling. The
new fascia board stops short of the end of the external wall. As a result, a small area of
insulation, which had not been covered by the fascia board, had to be rendered and a dash
finish applied. In addition, the overhang of the capping had to be cut away to allow the
new rainwater downpipe to be fitted and thus poses a risk of insufficient protection to the
top of the insulation. Had an adequate preliminary survey been undertaken, there could
have been appropriate detailing at the design stage and then this could have been executed
on site.

Figure 4 shows the generic detail for one of the external wall insulation systems used in
Swansea, produced by one of the Arbed I approved suppliers, as published in BBA
certificate number: 03/4058 (BBA, 2011). Figure 5 shows the reproduction of a
construction detail, as observed on site by the lead author, at dwelling samples A, C and
D, which is different to the manufacturer’s recommendations. It would appear from the
observed detail that an attempt has been made to retain the feature of the window sill for
aesthetic purposes and to also reduce heat loss further than that recommended by the
manufacturer. Whilst aesthetically this approach appears to be more acceptable, without
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completely covering the sill (above and below) with insulation, the attempt to reduce heat
loss is likely to be in vain as there are still paths for potential thermal bridging (as shown
in Figure 5). A possible solution would be to use a reduced thickness of insulation on top

of the window sill and to return the insulation underneath.
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Figure 4: Window sill detail by one of the approved
Arbed I suppliers (BBA, 2011)
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Figure 5: Window sill detail as observed on site

Within the thermal images, the lighter shades represent the greatest amount of heat loss
and the darker shades, the least. Please note: the temperature scale on the thermal images
is not representative of actual temperature readings as these are qualitative survey
images. Figures 6 and 7 show dwelling sample D before the external wall insulation

system was installed.
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Figure 6: Photograph of dwelling before Figure 7: Pre-R:T survey image of dwelling, as shown in
installation of insulation Figure 6

The apparent increased heat loss from the ground floor external wall to that for the first
floor could be a result of the first floor rooms being cooler due to the window being open.
Figures 8 to 10 show the same dwelling sample D, after the insulation was installed.
Figure 10 does not illustrate the whole dwelling; it is just a focus on the bottom of the
external wall. There appears to be evidence of thermal bridging: at the step below the
external door; at window and door reveals; under the window sill; and where the
insulation used at the base of the wall joins that used for the remainder of the wall above.
Overcoming the potential thermal bridge at the step and below the exterior door is a
junction where a solution does not appear to have been explored; this is evidenced by the
lack of information available within the manufacturer’s documentation, for example BBA
certificate number: 03/4058 (BBA, 2011).

Insulation was not installed at the window and door reveals due to the frame thickness not
being of an adequate size, despite a new door having been fitted as part of the works.
However, without adjustments to the width of the opening, which could have been
considered as part of a preliminary survey, a thicker door frame may have resulted in the
access being below the recommended minimum width. As demonstrated in Figure 5;
insulation was not installed above and below window sills. Whilst the thermal image does
not show the top of the window sill, due to the angle that it was taken, there is evidence of
heat escaping below the sill as a result of insulation having not been installed in this
location. The heat loss between the insulation at the base of wall to that above is likely to
be due to gaps created by poor execution, as demonstrated in Figure 2 above. However, it
should be noted that Figures 2 and 9 are different dwellings. Whilst overall heat loss
appears to have been reduced, there is evidence of thermal bridging due to an incomplete
covering of insulation and poor execution on site. Together, Figures 2, 3 and 10 could be
used as part of training material for external wall insulation installers to provide a visual
method of illustrating the consequences of poor execution on site.
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Figure 8: Photograph of Figure 9: Post-R:T survey Figure 10: Post-R:T survey image showing focus

dwelling shown in Figure 6, image of dwellings, as of lower section of facade for dwelling shown in
after installation of shown in Figure 8 Figure 8
insulation

Conclusion and Further Research

This paper has presented the methodology and key findings from part of an evaluation for
the execution of retrofitted external wall insulation at pre-1919 dwellings with solid
exterior walls, through the Arbed I scheme in Swansea, UK. The paper began by
reviewing literature, which discussed the advantages and challenges posed by retrofitting
external wall insulation to existing dwellings and established methods of evaluating
building work. The main advantages of installing external wall insulation, over the
alternative of internal wall insulation, were identified as: reduced instances of
unavoidable thermal bridging, for example at partition wall and floor junctions; increased
air-tightness; and retained use of thermal mass. However, the main challenge for
retrofitting external wall insulation is that of eliminating avoidable thermal bridging in
locations such as: window and door openings; wall to roof junctions; and window sills.
To overcome these challenges, it is desirable to undertake thorough preliminary surveys,
which should be followed by suitable technical details at the design stage and then quality
execution on site.

Based on established techniques of data collection, the methodological approach taken for
this research involves: field observations to record technical solutions implemented on
site, using photography and technical detailing; pre-retrofit (pre-R:T) and post-retrofit
(post-R:T) thermography surveys; and trade, building owner and occupant satisfaction
surveys. The findings presented in this paper are from data collected to date (December
2011) and include an overview from field observations and pre-R:T and post-R:T
surveys. The data confirms that pre-1919 dwellings present many technical challenges for
retrofitting external wall insulation, particularly when adequate preliminary surveys and
technical details are not undertaken. As a result there is photographic, technical and
thermographic evidence of thermal bridging due to an incomplete covering of insulation
and poor execution. Furthermore, manufacturers of these systems appear to offer a limited
range of products and methods for overcoming critical junctions within pre-1919 solid
exterior walls. It is therefore recommended that further technical solutions are explored
by all stakeholders involved in retrofitting external wall insulation to pre-1919 dwellings.
As a method of improving standards of installation for retrofitting external wall
insulation, it is recommended that photographs and thermal images from this type of
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research, for example Figures 2, 3 and 10, are used for training purposes to illustrate the
consequences of poor execution.

The next stage of the research is to complete the trade, building owner and occupant
satisfaction surveys. These surveys will provide valuable feedback from all stakeholders
involved in the Arbed I scheme in Swansea and further extend the knowledge gained
from the experience. Further research is recommended to assess the implications of the
potential thermal bridges identified in this paper by monitoring and measuring
condensation risks to both the dwellings and occupants. The aim of these assessments
should be to determine if it is acceptable to insulate as much as possible, knowing that
some thermal bridging will occur, or if it is absolutely critical to achieve a complete
covering. In addition, technical details for retrofitting external wall insulation should be
developed and disseminated to overcome some of the non-standard junctions encountered
at pre-1919 dwellings, preferably using ecological materials.
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Abstract

Purpose — This paper discusses the methodology and results of using thermography for pre-
retrofit (pre-R:T) and post-retrofit (post-R:T) surveys undertaken to qualitatively assess retrofitted
external wall insulation (EWI) on pre-1919 existing dwellings with solid exterior walls.

Design/methodology/approach —This study involved undertaking qualitative thermography
surveys before and after installation of EWI at two mid-terrace dwellings in Swansea (UK). One
dwelling was part of a whole-street approach and the other was an isolated installation.

Findings — The two case studies have provided evidence of potential thermal bridges created as a
result of an incomplete covering of EWI. Whilst overall heat loss appears to have been reduced,
further evidence is required to establish the extent to which these thermal bridges reduce overall
thermal performance.

Research limitations/implications — Only two schemes undertaken in Swansea (UK) are
represented in this study and are therefore not a reflection of EWI installations generally.
Nevertheless, the study suggests more general concerns with the installation of EWI where a
continuous covering of insulation cannot be achieved. Further research is required to assess the
long-term implications of thermal bridges on the condition of the dwelling and the health of
occupants.

Originality/value — This paper has introduced and tested a pre-R:T and post-R:T methodology
for assessing the thermal performance of deprived dwellings, which have had EWI retrofitted to
solid exterior walls. By using the pre-R:T and post-R:T methodology the paper has demonstrated
a visual method for illustrating problems in retrofitting EWI and highlighted improvements in
thermal performance, which can be used by stakeholders involved in the maintenance and
improvement of existing dwellings.
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Keywords Existing dwellings, External wall insulation, Infrared thermography, Thermal
performance, Retrofit

Paper type Research paper

1. Introduction

The aim of this paper is to discuss the use of infrared thermography, as a qualitative test method,
for assessing the installation of retrofitted external wall insulation (EWI) to pre-1919 dwellings
with solid exterior walls (SEWSs). (Nofte: this is not about quantifying heat loss). Installation of
EWI to dwellings on a mass scale is uncommon in the UK and therefore there is limited
experience on: the effectiveness of these measures; the implications of not providing a continuous
covering; and how to overcome many of the non-standard junction details present in older
existing dwellings. It is proposed that using thermography qualitatively is one method that can be
used to overcome these issues by demonstrating to those responsible for implementation and
installation of EWI systems, what the consequences are of poor execution and where to focus
attention during future installations to prevent potential problems occurring.

To explore this proposal, qualitative thermography surveys have been undertaken at the
same sample of pre-1919 deprived dwellings with SEWs in Swansea (UK), both before and after
installation of retrofitted EWI. The two samples presented in this paper are terraced dwellings,
with one being part of a whole-street approach and the other being an isolated installation. The
EWI has been installed as part of a Welsh Government funded thermal improvement scheme,
entitled Arbed I, aimed at the most deprived dwellings in Wales. This study forms part of a three
year doctorate research project being undertaken by the lead author within the Ecological Built
Environment Research and Enterprise (EBERE) group at Cardiff Metropolitan University, which
commenced in August 2010. Primarily working in collaboration with Coastal Housing Group, the
aim of the research is to investigate, develop and test a best practice ecological retrofit
methodology for technical and social improvements to deprived existing dwellings in Wales, to
reduce energy use, carbon emissions and fuel poverty and thereby increase occupant quality of
life.

The paper commences by reviewing literature to: set out the rationale for improving the
thermal performance of deprived existing dwellings in the UK and Wales; provide a brief
overview of the issues surrounding the use of EWI; introduce the Welsh Government’s Arbed I
scheme; and present infrared thermography as a method of monitoring and evaluating the
effectiveness of EWI. This is then followed by a description of the study in Swansea and the
methodology used to undertake the infrared thermography surveys, along with the results,
discussion and conclusions drawn from the study.

2. Background and context

2.1 Rationale for improving existing deprived dwellings

The UK Climate Change Act 2008 sets out a legally binding target for an 80% reduction in
greenhouse gas emissions by 2050, based on the 1990 baseline (H.M. Government, 2008). The
main greenhouse gas contributing to climate change is carbon dioxide (Department for
Environment, Food and Rural Affairs, 2007). Housing accounts for over 25% of UK carbon
emissions resulting from domestic energy use, with over 75% of this energy used for space and
water heating purposes (Department of Energy and Climate Change, 2010; Department for Trade
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and Industry, 2008). In addition, over two thirds of the UK existing housing stock is predicted to
still be in use in 2050 (Department for Communities and Local Government, 2008).

It is anticipated that reducing domestic energy use and subsequent costs will also contribute
to a decrease in the number of households in fuel poverty. The factors associated with fuel
poverty are: high energy costs; low income; and poor quality dwellings (Kemp and Wexler,
2010). Dwellings that are classified as being of poor quality are more likely to be older (typically
pre-1919) and have a low energy efficiency rating (Howarth, 2010). Those dwellings with the
lowest energy efficiency ratings (Standard Assessment Procedure (SAP) rating of 30 or below),
qualify as a Category one Hazard for Excess cold under the Housing, Health and Safety Rating
System and pose a significant risk to the health of occupants (Boardman, 2007).

Within the UK, 40% of all dwellings with a SAP rating of 40 or below are in Wales
(Energy Saving Trust (EST), 2011a). Wales has some of the oldest dwellings in the UK, with over
30% having been built before 1919 and of these 90% have SEWs, making it more challenging to
improve their thermal performance (EST, 2011a; Howarth, 2011). Dwellings with SEWs lose
approximately 45% of their heat through this element alone (EST, 2011b). Therefore, improving
the thermal performance of SEWs offers the greatest opportunity for reducing energy
consumption for the purposes of heating these types of dwellings.

2.2 Upgrading solid exterior walls

As documented in Hopper ef al (2011), EWI, rather than internal wall insulation, is considered the
preferred method of insulating existing SEWs. The main reasons are: there are reduced instances
of thermal bridging, for example at floor and wall junctions; thermal mass is maintained, which
aids regulation of internal environmental conditions; it improves air-tightness; and there is a
reduced risk of interstitial condensation (ibid). EWI offers the greatest potential to achieve a
complete covering of SEWs, to allow these benefits to be realised (Immendorfer et al, 2008a).
Nevertheless, retrofitting EWI is not without its challenges, for example adaptation is likely to be
required at roof verges and eaves, services inlets and outlets, and window and door reveals
(English Heritage, 2010; EST, 2010). The most significant risk posed by these challenges, is that
of thermal bridging (ibid).

According to English Heritage (2010), Immendorfer et a/ (2008a and 2008b) and the EST
(2006), thermal bridging can lead to condensation, which in turn could result in damp and mould
growth internally in these locations and subsequently pose a health risk to occupants. In addition,
English Heritage (2010) argues that if thermal bridges cannot be avoided and the consequences
are likely to be severe, then it could be better not to insulate at all. However, the authors are
unable to find any literature that documents the results of any long-term monitoring of post-
retrofit dwellings and therefore the effects of remaining thermal bridging on the health of the
occupants.

2.3 Arbed: Improving Wales’ most deprived existing dwellings

In recognition of the requirement to make mass improvements to deprived existing
dwellings in Wales, the Welsh Government instigated the ‘Arbed’ scheme in 2009 (WAG,
2010a). Arbed is the Welsh word for ‘save’. The scheme is a Strategic Energy Performance
Funding Programme aimed at improving the most deprived 15% of dwellings in Wales, across
both public and private ownership. Arbed I is being implemented by Housing Associations and
Local Authorities across Wales to deliver localised economic, social and environmental benefits
(ibid). The types of measures being installed as part of the Arbed I scheme are: EWI; connection
to the mains gas network; solar thermal panels; solar Photovoltaic panels; and heat pumps (WAG,
2010Db).

One of the requirements of the Arbed I scheme is for monitoring and evaluation to be
undertaken to determine how effective the improvement measures are at reducing energy use,
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carbon emissions and fuel poverty (WAG, 2010¢). However, there was no methodology and very
limited funding provided for these assessments. In Swansea, the main improvement measure
being implemented is EWI to dwellings with SEWs that were built prior to 1919. According to
Pearson and Seaman (2003), an efficient way of determining the effectiveness of insulation
applied to the fabric of buildings is through the use of infrared thermography. This claim is also
supported by Thomsen and Rose (2009), who have undertaken a study across Europe to analyse
the occurrences of thermal bridges relating to execution quality on site, for both new build and
retrofit building work.

3. Infrared Thermography

All objects with a temperature above -273°C (absolute zero) emit radiant heat (Pearson, 2002).
Thermography is a technique for producing a visible image of this invisible heat energy (infrared
radiation) emitted from the surface of an object, through a non-contact thermal imaging device
(Hart, 1991; Pearson, 2002; Snell and Spring, 2002; Infrared Training Center, 2010). A
thermogram is the visible image produced through the use of an infrared camera (Hart, 1991;
Infrared Training Center, 2010). The thermogram is a map of the temperature difference across
the surface of objects being viewed, which are displayed as different colours or shades of grey
(Snell and Spring, 2002; Pearson and Seaman, 2003; Lo and Choi, 2004). When interpreting
thermograms, it is necessary to understand the surface characteristics of the materials being
viewed, in terms of their emissivity and reflectivity. Materials with high emissivity values have a
low reflectivity and vice versa (Lo and Choi, 2004). Only materials with a high emissivity provide
a reliable reading as materials with a low emissivity will tend to reflect the temperature of
surrounding objects and thus could produce misleading results, particularly where they are being
interpreted by someone who has not undertaken appropriate thermography training (Snell and
Spring, 2002; Lo and Choi, 2004; Infrared Training Center, 2010).

Whilst infrared thermography can be employed for undertaking both qualitative and
quantitative surveys of buildings, Pearson (2002) argues that other methods should be adopted to
quantify heat loss from a building. This is due to the precise thermal and environmental
conditions required to obtain accurate results, which rarely occur. In most instances qualitative
thermographic building surveys provide sufficient information, for example to identify: continuity
of insulation; occurrences of thermal bridges; sources of air-leakage, particularly at critical
junctions; moisture and damp within an element; hidden components, such as pipes and wall ties;
and electrical faults (Hart, 1991; Pearson, 2002; Thomsen and Rose, 2009; Littlewood et a/, 2011;
Taylor et al, 2011).

When undertaking thermographic surveys of buildings, there are a number of criteria for
the environmental conditions required to maximise the accuracy of the data being collected (Hart,
1991; Pearson, 2002; APT, no date). However, there are discrepancies between some of the
recommendations made. Hart (1991) recommends that the facade of the building should not be
exposed to sufficient solar radiation that would affect the results, during and for at least 12 hours
prior to the survey. Hart (1991) continues by stating that cold and overcast days are the most
suitable environmental conditions for undertaking thermography surveys. Whereas, Pearson
(2002) suggests at least one hour should elapse following exposure to direct solar radiation,
before a survey is undertaken. Pearson (2002) also recommends that surveys are undertaken in
darkness to minimise effects from solar radiation. Both Hart (1991) and Pearson (2002)
recommend a temperature difference of at least 10°C between the inside and outside of the
building for the preceding 24 hours and during the survey being undertaken. However, APT (no
date) recommend a 5°C temperature difference during and for the four hours prior to the survey.
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Pearson (2002) recommends that the building should not be exposed to precipitation for the
preceding 24 hours of a survey. All recommendations are for surfaces to be dry at the time of the
survey (Hart, 1991; Pearson, 2002; APT, no date). The final criterion is for wind speeds not
exceeding six meters per second (m/s), according to APT (no date) and 10 m/s, according to
Pearson (2002).

4. Methodology for assessing retrofitted EWI in Swansea (UK)

This study is limited to qualitative thermographic surveys to assess the continuity of retrofitted
EWI and thus potential thermal bridging. Qualitative surveys are considered the most appropriate
method for these assessments, as discussed in Section 3 above. Therefore, attempts have not been
made to quantify heat loss as this did not form part of the study. Furthermore, data is not available
for the precise construction of the existing exterior walls. As a result, assumptions have been
made, which are presented in the results (Section 5) below, to allow the reader greater
understanding of the methods implemented. Data is also not available for the costs associated for
an individual dwelling that had EWI as the work formed part of a large scheme involving multiple
interventions and these varied across dwellings.

The study presented in this paper involved using qualitative techniques to undertake
thermographic surveys at two pre-1919 dwellings with SEWs that received EWI through the
Arbed scheme in Swansea. The surveys were undertaken before and after installation of the EWI
to allow an overall comparison to be made. Both dwellings are mid-terrace. One is part of a
whole-street approach to the EWI (Case study A hereafter) and the other is an example of an
isolated installation, where the neighbours either side were not insulated (Case study B hereafter).
The infrared camera used for all thermographic surveys was a FLIR B365. The tasks undertaken
in preparation for each of the surveys are set out in Table 1 below:

Table 2: Tasks undertaken in preparation for the thermographic surveys.

1 Weather forecast was checked and a suitable day was chosen to undertake survey.

2 : .
Each occupant was contacted, either by telephone or in person, to:

e Provide an explanation of:
o The purpose of the survey;
o Why it had to undertaken during the hours of darkness; and
o Possible reasons for a likely change in arrangements (for example,
precipitation in the preceding 24 hours);
e Advise them of the:
o Date;
o Time; and
o Names of the thermographers;

e Request that they activate their heating at least four hours before the time of the
survey (to ensure there was an adequate temperature difference between the inside
and outside of the dwelling).

All preparations for the pre-retrofit (pre-R:T) surveys were repeated for the post-retrofit
(post-R:T) surveys for each dwelling; this was due to the length of time between the pre-R:T
and post-R:T surveys.

Batteries for the camera were checked prior to each survey and charged if necessary.

Digital photographs were taken during the day prior to each survey. These aid visual
interpretation of the thermograms.
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Undertaking the thermographic surveys required precautions to be taken. Firstly, due to the
surveys being undertaken in the dark and the requirement to enter dwellings where occupants
were unknown by the thermographers, it was not considered safe for any lone working. At least
two thermographers were present on all surveys; this meant that one person could focus on
capturing the images, whilst the other person recorded the environmental data and details about
each thermogram. Secondly, due to the location of the dwellings adjacent to highways, caution
had to be taken by the thermographers when choosing the ideal location for capturing images, as
these were often in the middle of a road. This limited the possibilities for capturing some images.
4.1 Pre-retrofit thermography (pre-R:T) surveys
The pre-R:T survey for Case study A was undertaken on the 27" January 2011 and Case study B
was on the 7™ April 2011. Meteorological data, recorded by the nearest weather station, for during
and the preceding 24 hours to each survey, obtained from City and County of Swansea (2011), is
as shown in Table 2 below. To verify the recommended environmental conditions had been
achieved for the pre-R:T surveys, details were recorded at the time of each survey; these are
presented in Table 3, along with: the time for each survey; time of sunset; and orientation of the
dwellings. Temperature, relative humidity and wind speed readings were obtained using a Kestrel
3000 handheld weather meter. In discussion with the occupants, as part of the preparations, it was
requested that the thermographers enter the dwelling to take the internal temperature and relative
humidity readings. Due to changes in the weather forecast the survey undertaken to Case study A
had to be rearranged once and for Case study B, the date had to be changed twice.

Table 3: Meteorological data recorded for pre-R:T surveys at Cwm Level Park 30m mast (City and County of
Swansea, 2011)

Case study

A B
Average external air temperature during survey 3.1°C 15.1°C
Average external relative humidity during survey 58.6% 73.8%
Maximum (hourly average) temperature in 24h preceding survey 6.2°C 17.6°C
Minimum (hourly average) temperature in 24h preceding survey 1.5°C 8.4°C
Precipitation in 24h preceding survey 0.0 mm 0.0 mm
Average wind speed during survey (m/s) 3.6 m/s 0.8 m/s
Table 3: Details and environmental data for pre-R:T surveys

Case Study
A B

Time of sunset (Time and Date AS, 2011) 16:53 19:55
Time of survey 19:00 21:50
Orientation (font/back) N/S NW/SE
Internal temperature (°C) 21.5 25.5
Internal relative humidity (%) 44.8 50.2
External temperature (°C) 4 15.2
External relative humidity (%) 54.5 68.3
Wind speed (m/s) 1.8 0.4
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4.2 Post-retrofit thermography (post-R:T) surveys

Both post-R:T surveys were undertaken on the 27" June 2011. Meteorological data, from the
same nearest weather station, for during and the preceding 24 hours to the survey, obtained from
City and County of Swansea (2011), is as shown in Table 4 below. The sun set at 21:34 on the
26™ June 2011 and the sun rose at 04:57 on the 27" June 2011 (Time and Date AS, 2011). Due to
the time of year, the post-R: T surveys commenced two hours before sunrise. Unfortunately, the
26™ June 2011 was the warmest day of the year to date and was not ideal for undertaking
thermographic surveys. However, the occupants were very cooperative and agreed to activate
their heating at 21:00 on the 26™ June 2011 and leave it on overnight. They also agreed to keep
their windows shut.

The timing of the surveys were planned so as to allow any solar radiation, absorbed by
building elements during the day, to be dispersed as much as possible. As with the pre-R:T
surveys, to verify that recommended environmental conditions had been achieved, these details
were recorded at the time of the post-R:T surveys and are presented in Table 5. Whilst external
temperature, relative humidity and wind speed readings were obtainable at the time of the survey
using the Kestrel 3000, internal readings were not. The solution decided upon, to overcome the
issue of not being able to enter the dwellings at the time of the surveys, was to install ‘Signatrol’
data loggers to record internal temperature and relative humidity readings at 10 minute intervals.
Each dwelling had two data loggers installed (one in the ground floor and one in the first floor)
within rooms located at the front of the dwelling, prior to the survey. The data loggers were then
collected following the surveys. Data was retrieved from the loggers by connecting them to a
computer and downloaded using the accompanying ‘TemplT-Pro’ software.

Table 4: Meteorological data recorded for p:RT surveys at Cwm Level Park 30m mast (City and County of
Swansea, 2011)

Average external air temperature during survey 16.6°C
Average external relative humidity during survey 94.0%
Maximum (hourly average) temperature in 24h preceding survey 27.4°C
Minimum (hourly average) temperature in 24h preceding survey 14.5°C
Precipitation in 24h preceding survey 0.0 mm
Average wind speed during survey (m/s) 0.6 m/s

Table 5: Details and environmental data for post-R:T thermography surveys

Case Study

A B
Time of survey 02:00 03:10
Internal temperature (°C) 26.5 25.8
Internal relative humidity (%) 54.5 62.5
External temperature (°C) 19.5 19.5
External relative humidity (%) 77.5 73.9
Wind speed (m/s) 0.4 2.6
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To aid understanding of the thermographic results, this section of the paper commences with
simple technical details (produced by the lead author) illustrating how the EWI was installed at
the following critical junctions: pavement to external wall (Figure 1); window reveals (Figure 2);
window sills (Figures 3 and 4); and eaves (Figure 5). Despite client expectations, observation at
different stages on some of the properties showed that the specified detail was not fully applied.
Further investigation would be needed to establish whether this was because adaptation was
required on site to address an unanticipated obstacle i.e. non-standard junction details or lack of

supervision, inadequate training, or other reason.
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The results for each case study are presented as thermograms with corresponding
photographs. Each of the thermograms have been ‘thermally tuned’ in the accompanying software
for the thermal camera, to enhance the clarity of the images. Please note. the temperature scale
on the thermograms is not representative of actual temperature readings as these are qualitative
survey images. Lighter shading towards orange and yellow shows greater heat loss and darker
shading towards blue shows lower heat loss. Figures 7, 9, 10, 11, 13, 15, 16 and 17 illustrate the
qualitative thermographic results.

5.1 Case study A

Pre-retrofitted EWI

At the time of the survey the temperature difference between the inside and outside of the
dwelling was between 17.5 and 18.4°C (Kestrel 3000 reading and Meteorological data,
respectively). The main observations from the thermogram include:

e Apparent overall increased heat loss through the exterior wall when compared to the
dwelling next door (to the left).

e Apparent increased heat loss through the exterior wall surrounding the ground floor
window, particularly where the wall meets the pavement and just below the eaves.
However, it is likely that the internal space on the first floor is somewhat cooler than the
ground floor due to the first floor window being open. This also explains the extended
area of heat escaping from the upper portion of the first floor window.

e All window and door frames appear to be losing a significant amount of heat.

e Visibility of the brickwork that frames the windows, which has since been covered in
render; this is due to the higher thermal resistance of bricks compared to the rest of the
wall, which is thought to be constructed of different material, for example stone.

Figure 6: Photograph of Case study A Figure 7: Thermogram of Case study A before installation of EWI

before installation of EWI

Post-retrofitted EWI

There was a 7 — 10.3°C (Kestrel 3000 reading and Meteorological data, respectively) temperature
difference between the inside and outside of the dwelling at the time of the survey. The main
observations from the thermograms are:

Evaluating retrofitted external wall insulation

52



Appendix |V: Structural Survey Journal Paper

e The EWI appears to have made an overall improvement on the heat loss through the
exterior wall as the pattern variations and brickwork framing the windows observed in the
pre-R:T survey is no longer visible.

e Apparent thermal bridges: at the window and door reveals; under the window sills; at the
eaves; and at the junction between the different insulation materials used at the plinth of
the wall and that for the remainder of the wall above. However, particular caution should
be taken in respect of the window and door reveals and the eaves due to the higher
thermal resistance of the brickwork that surrounds the openings and the highly reflective
material of the fascia boards, respectively. Nevertheless, there is the possibility that there
is a thermal bridge at both of these locations due to the reveals having not been insulated
and the EWI ceasing just below the fascia (as shown in Figures 2 and 5 above).

Figure 8: Photograph of Case study A Figure 9: Thermogram of Case study A after installation of EWI
after installation of EWI

Figure 10: Thermogram of bottom of door and ground Figure 11: Thermogram of first floor window and eaves
floor window and wall to pavement junction for Case for Case study A after installation of EWI
study A after installation of EWI

5.2 Case study B
Pre-retrofitted EWI
There was a temperature difference of 10.3 — 10.4°C (Kestrel 3000 reading and Meteorological
data, respectively) between the inside and outside of the dwelling at the time of the survey. The
main observations from the thermogram include:

e Apparent uneven distribution of heat loss across the exterior wall.

e Apparent increased heat loss around windows and door.
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e As with Case study A, the brickwork that frames the windows is visible despite it
previously having been covered with render.
e The cooler area over the door is likely to be where the metal flashing is reflecting the cold

sky.
Figure 12: Photograph of Case study B before Figure 13: Thermogram of Case study B before
installation of EWI installation of EWI

Post-retrofitted EWI
There was a 6.3 — 9.5°C (Kestrel 3000 reading and Meteorological data, respectively) temperature
difference between the inside and outside of the dwelling at the time of the survey. The main
observations from the thermograms are:
e Apparent overall improvement on heat loss demonstrated by the stark difference between
the dwelling that received the EWI to those either side, which have not.
e As with case study A, the pattern variations and brickwork framing the windows is no
longer visible.
e Apparent thermal bridges: at the window and door reveals; under the window sills
(despite original stone sills having been cut off flush with the existing wall, as shown in
Figure 4); at the eaves (where the insulation ceases below the fascia board); where the
insulation has been cut around the service pipes entering the dwelling; and around the
vent cover. Note: as with Case study A, caution needs to be taken in respect of the
window and door reveals and eaves due to the higher thermal resistance of the brickwork
and highly reflective fascia material, respectively.

Figure 14: Photograph of Case study B after Figure 15: Thermogram of Case study B after installation of
installation of EWI EWI
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Figure 16: Thermogram of first floor window and at Figure 17: Thermogram of exterior wall to pavement

party wall junction junction indicating EWI at plinth level that has been
cut around service pipes entering the dwelling and
external vent

6. Discussion

First and foremost the main observation from the results presented in this paper, which
corresponds with literature by Pearson and Seaman (2003) and Thomsen and Rose (2009), is that
qualitative thermography is an effective tool for project managers and maintenance managers, as a
pre-retrofit and post-retrofit survey method, to assess the before and after affects on thermal
performance of retrofitting EWI to existing dwellings. Furthermore, pre-R:T surveys can be
utilised to identify where to focus thermal improvements and post-R:T surveys to illustrate where
there are problems in quality control of the EWI retrofit, at site level. Using pre-R:T and post-R:T
survey methods, the thermal patterns that have been identified could indicate potential thermal
bridges, and thus an increased rate of heat loss: at the reveals for windows and doors; under the
window sills; and at the eaves, as a result of the EWI not being installed in these locations.
According to authors such as English Heritage (2010) and the EST (2006), potentially, these
thermal bridges could lead to condensation and thus incidences of internal damp and mould
growth at the locations not insulated. There is also the possibility of thermal bridging occurring in
neighbouring dwellings, which have not had EWI installed, as the party wall provides an avenue
for heat loss. Taking a whole-street approach to the installation of EWI removes the likelihood of
these thermal bridges occurring at party walls. Where there are thermal bridges between the
junctions of two insulation materials (at the top of the plinth of the wall; as shown in Figure 10),
this is an execution issue that could be addressed in future installations. However, to establish the
extent to which there is a risk factor resulting from the potential thermal bridges identified, due to
the level of uncertainty surrounding the effects on the health of occupants, as documented by
English Heritage (2010), it is desirable that further monitoring, along with measurements or
modelling be undertaken and results documented to fill this gap in knowledge. An additional
means of measurement may be to conduct internal post-R:T surveys focused on areas of the
SEWs identified as posing potential thermal bridges, benchmarked against neighbouring or
similar dwellings that did not receive EWI.

In terms of undertaking thermographic surveys at occupied existing dwellings, there are
four main issues that have been identified in this paper, as shown in Table 6, which should be
given forethought in future surveys.
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Table 6: Issues identified from undertaking thermography surveys at occupied dwellings

1 Arranging thermographic surveys at occupied dwellings requires striking a balance between
giving occupants plenty of notice and obtaining weather forecasts with a greater degree of
accuracy.

2 When undertaking thermographic surveys to dwellings that front onto a highway, there is a
possibility that there will be parked cars causing an obstruction to the visibility.

3 When a survey is to be undertaken at a dwelling that is located on a busy highways; it is not
always possible to take images at the required distance to achieve maximum quality. Should
a thermographer wish to increase the quality of the image by moving closer to the dwelling,
this then poses a significant risk from moving vehicles.

4 Even when specific instructions are given to occupants in preparation for a survey, these
may not necessarily be followed. It is therefore difficult to rely on occupants to undertake
some of the preparation tasks required. For example, requesting that heating is turned up to
its maximum and windows to be kept shut.

Following identification of the issues in Table 6 above, it is recommended that a pre-R:T
and post-R:T protocol is developed within the EBERE group at Cardiff Metropolitan University
to ensure that all factors are taken into consideration for future surveys at existing dwellings. The
protocol should be published on the EBERE website to allow others, who are proposing to
undertake thermographic surveys at existing dwellings, to consider the experiences gained from
this and future studies. Further to issue three in Table 6, it is recommended that thermographers
take personal protective equipment, such as a high visibility jacket, to all surveys where they are
located near highways.

7. Conclusions

The literature review has presented evidence by Boardman (2007), the Energy Saving Trust
(2011a) and Howarth (2011) for the importance of improving deprived dwellings in the UK and,
in particular, in Wales. Improving the thermal performance of pre-1919 dwellings with solid
exterior walls can be achieved with the application of external wall insulation (EWI). A complete
covering is desirable to fully avoid thermal bridging and the subsequent potential risk of damp
and mould growth, which, according to English Heritage (2010) could have health implications
for occupants. However, further investigation and evidence is required to establish the extent of
these risks. Improving existing dwellings was recognised as necessary by the Welsh Government
in 2009 (WAG, 2010a), who instigated the Arbed I scheme to fund measures that would increase
the thermal performance of the most deprived 15% of dwellings in Wales. The Arbed I scheme
has been delivered by housing associations and local authorities across Wales. The dominant
method of improvement undertaken in Swansea, was the installation of EWI.

One of the criteria, set out by the then Welsh Assembly Government (2010c¢), for the Arbed
I funding was that monitoring and evaluation had to be undertaken to assess the effectiveness of
the improvements made. However, there was no methodology and very limited funding provided
for these assessments. This paper has presented the methodology and results for undertaking
qualitative infrared pre-retrofit thermography (pre-R:T) and post-retrofit thermography (post-R:T)
surveys, before and after the installation of EWI, at two dwellings in Swansea, UK; funded as part
of the Arbed I scheme. One of the dwellings is part of a whole-street approach and one is where
the neighbouring dwellings have not received EWI. The thermal images have identified
temperature differences that could indicate potential thermal bridges present: at the reveals for
windows and doors; under window sills; where two insulation materials have been joined; at the
eaves; and at party walls, in the case study where a whole-street approach has not been taken. This
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study should be followed by further investigation to determine how best to measure the
implications of such potential thermal bridges. One approach is long term monitoring of the
dwellings for possible mould growth at such junctions. In addition, it should be determined
whether the EWI has improved overall comfort levels for occupants and reduced their energy use
and costs and minimised carbon emissions.

The results of the qualitative thermographic surveys presented in this paper, particularly for
the post-retrofit of Case study B, provide an opportunity to promote the installation of EWI. The
thermal images appear to substantially endorse the benefits of EWI with the contrast between the
dwelling that received EWI and those which have not being clearly visible. However, given the
extent of the potential thermal bridges that have been identified, it is recommended that when the
application of EWI is at the design stage, particular attention is given to ensuring that a complete
covering is achieved by focussing on how to overcome non-standard and critical junctions.
Furthermore, this attention to detail should then be ensured when execution is undertaken on site.
In addition, where EWI is to be installed, thermograms from this study, particularly for the post-
retrofit of Case study A, could be used as part of the skills training undertaken by installers to
demonstrate the effects of poor execution on site. Furthermore, the use of pre-R:T surveys could
inform the types of retrofit works that could be deployed by stakeholders responsible for
improving existing dwellings.

7.1 Further research

The authors suggest that further research is needed to assess the long-term implications of the
potential thermal bridges identified in this study, as some issues may take time to appear. This
research will commence as part of the lead authors doctorate project and includes: further
thermography surveys; longitudinal studies of internal environmental conditions, such as
temperature, relative humidity and particulates to discover the potential for mould growth; and
occupant interviews. In addition, assessing improvements in air-tightness would complement
thermography surveys to provide a comprehensive appraisal of the benefits of EWI. However,
whilst it is known that air-leakage is a source of heat loss, there could also be implications in
terms of condensation, air-quality and humidity levels resulting from making pre-1919 dwellings
with SEWs significantly more air-tight. The dwellings would need to be monitored to determine
the effects; these should be studied as part of the assessments stated above. The results of this
work are to be published in future papers.
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Is running your home costing the earth?

By Jo Hopper & Tim Taylor

Homeowners and tenants could start looking at their homes in a whole new way, thanks to an
innovative method of seeing if their properties are keeping the heat in or costing more than they
should.

If houses are not designed correctly in the first place, or the construction is faulty, then energy
costs can rocket — but it is impossible to tell from just looking at buildings which are heat-loss
nightmares and which are cosy, energy-conservation dreams. The UK Government expects
standards to improve for newly built homes and existing homes undergoing improvements, but
the construction industry are struggling to keep pace.

What if hidden problems could be fixed before the builders leave the site? Or what if there was a
way of providing evidence of poor workmanship that is hidden after builders have left, that
could be used to support a claim for getting the situation resolved?

A way of doing this is by using a thermal camera to take pictures of houses before, during and
after building work to reveal where heat is escaping. Thermal cameras can ‘see heat’ and
identify how well the insulation is working; their quality has improved dramatically and they are
coming down in price making their routine use more practicable.

The energy we use in our homes really is costing the earth since it makes the biggest
contribution of any sector to UK carbon dioxide emissions, which is the main greenhouse gas
causing climate change. This research considers two situations where a thermal camera has
been used to assess heat loss from homes in Swansea; Tim Taylor is studying new houses during
construction, and Jo Hopper investigates existing homes before and after insulation is installed.
In both projects, the PhD students have teamed up with Coastal Housing Group; a housing
association based in Swansea.

New homes
Tim Taylor

Once people have moved in, problems with the insulation in the building can be expensive and
disruptive to rectify. A typical house may be built from several thousand parts, so it is not
surprising that mistakes can be made on construction sites (Figures 1 and 2). It therefore helps
to identify problems at an earlier stage before they are “built-in”.

The project is investigating how testing with a thermal camera can be implemented at different
stages during the construction of new homes with a view to identifying defects in the
construction. This approach could help provide assurance that new homes are as energy
efficient as they claim to be.
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A key objective of the research is to develop test procedures that can work on a building site.
The preparation of the building is important because reliable results can only be obtained under
the right test conditions. Additionally, the results should be interpreted and assessed by persons
with special training in the use of a thermal camera.

The quality of feedback obtained from the tests is an equally important consideration. Firstly,

the results need to be passed on so that defects can be located and recommendations made for
further investigation or repair. Secondly, the lessons learned should be taken forward for future
projects so that the feedback supports the improvement of practices in design and construction.

Does testing with a thermal camera have the potential to become a routine inspection
procedure for the industry? This research project hopes to find the answer.

Getting under the skin of new homes

b 4

Figure 1 Figure 2

A thermal camera can reveal problems that lie beneath the surface. This new energy-efficient
flat is almost ready for someone to move in. However, the darker red parts of the picture show
more heat escaping, for example around the window-frame and in the corner where it appears
the insulation has stopped short. Visual inspection would miss both of these problems.

Existing homes
Jo Hopper

Potential problem areas in older homes can also be discovered by using thermal imaging to
reveal which parts could be helped by an eco-makeover.

This research is evaluating the effectiveness of improvement measures to homes delivered
through the ‘Arbed’ scheme. Funded by the Welsh Government, Arbed (the Welsh word for
‘save’) aims to improve the energy efficiency of the most deprived homes across Wales.
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Thermal images were taken at a selection of homes before and after external wall insulation was
fixed to the outside of the houses. The photograph in Figure 3 and thermal image in Figure 4 is
an example of a single installation. The lighter shades of orange and yellow represent the
greatest amount of heat escaping, whilst the darker shades of purple and blue represent the
least. There is a stark difference in the amount of apparent heat loss from the house that
received the insulation in comparison to its neighbours.

This simple comparison illustrates the benefits of installing insulation to the outside of external
walls. Ultimately, this should also mean less energy is used to heat the upgraded house.

However, the improvement may have been compromised by the quality of the installation. A
closer inspection appeared to show gaps in the insulation where heat can still escape.
Consequently, the results of the survey could be used to make a case with the builder that the
workmanship on site was of poor quality and to help manufacturers improve their products. For
example, manufacturers could use the thermal images to assist with the design of better
solutions to seal common difficult junctions around openings in the wall for pipes and ducts. The
images could also be used as part of the training for installers to demonstrate the consequences
of leaving gaps between the insulation and around openings.

Figure 3 Figure 4
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Evaluating the installation of retrofitted external wall insulation

Abstract

This paper presents an overview of an evaluation of the installation of retrofitted external wall
insulation (EWI) at existing dwellings in Swansea. The EWI was funded and installed through the
Welsh Government’s Arbed scheme. The main focus of the evaluation was identifying the
occurrence of potential thermal bridges as these can undermine the overall effectiveness of the
EWI. Furthermore, thermal bridging can lead to internal condensation on the walls and ceilings
and thus damp and mould growth, which poses a health risk to occupants. Working in
collaboration with two housing associations who implemented the retrofitted EWI, the data
collection involved field observations to record the technical solutions that were implemented
on site and pre-retrofit and post-retrofit thermographic surveys to assess heat loss through the
external walls of the dwellings. The key findings from the evaluation are the occurrence of
potential thermal bridges due to a lack of preliminary surveys and appropriate technical details
at the design stage of the retrofit process and poor execution quality on site. This paper will be
of interest to stakeholders involved in retrofitting EWI, in particular Architectural Technologists
who are responsible for the detailing of critical junctions at the design stage of a retrofit project.

Keywords: Dwellings, Evaluation, External wall insulation, Retrofit, Thermal bridge

Introduction

This paper is based on part of a final report, which has been prepared to complete the MPhil
stage of an academic research project at Cardiff Metropolitan University (CMU). The research
project was developed as a result of a lack of methodology and limited funding to assess the
effectiveness of retrofitted energy efficiency improvement measures at dwellings in Swansea.
The improvement measures were funded by the first phase of the Welsh Government’s ‘Arbed’
scheme (Arbed | hereafter) and implemented by Coastal Housing Group (CHG) and Family
Housing Association (FHA), who are both housing associations based in Swansea. The
requirement for monitoring and evaluation of the improvement measures formed part of the
funding criteria. However, without a methodology and the limited funding, the housing
associations and CMU saw an opportunity to develop and undertake valuable research in the
increasingly important field of retrofit in the domestic sector.

The purpose of this paper is to illustrate some of the key findings from the evaluation of the
installation of retrofitted external wall insulation (EWI), as this was the main intervention
employed by both CHG and FHA. The EWI was installed at some of the most deprived dwellings
with the lowest energy efficiency ratings in Wales. The dwellings are all classified as hard-to-
treat due to their solid exterior wall construction and were built before 1919. In addition, the
households were classified as being in fuel poverty. To undertake the evaluation, data was
collected through: dialogue with the housing associations; field observations to record the
technical solutions implemented on site; and pre-retrofit and post-retrofit thermographic
surveys. This paper commences by discussing the rationale and context for retrofitting EWI at
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domestic buildings; this is then followed by the methodology, findings and discussion, and
conclusions from the evaluation.

Rationale for retrofitting external wall insulation

In the UK, the domestic sector is responsible for approximately 27% of carbon emissions, which
is the main greenhouse gas contributing to climate change. Over 75% of these carbon emissions
are from energy used to provide space heating in homes (Department for Energy and Climate
Change, 2010; Department for Trade and Industry, 2008). This space heating demand is relative
to the amount of heat loss through the external fabric and thus the least energy efficient
dwellings contribute the most carbon emissions. One of the least energy efficient external
fabrics for dwellings is solid walls. Solid walls allow approximately 45% of heat generated within
the dwelling to be lost (Energy Saving Trust, 2011a). In addition, solid walls are classified as hard-
to-treat’ as they cannot receive easy to install and low-cost fabric upgrades, such as cavity wall
insulation (Energy Solutions, 2011).

Around 15% of the approximately 26 million existing dwellings in the UK were built before 1919
with solid exterior walls. Furthermore, 19% of UK households are in fuel poverty, which means
more than 10% of income is spent on energy use in the home (Department for Communities and
Local Government, 2006; DECC, 2012). In Wales, the figures are opposite in that there are more
pre-1919 dwellings than there are households in fuel poverty. Approximately 30% of existing
dwellings in Wales were built before 1919 with solid walls and around 26% of households are in
fuel poverty (EST, 2011b). Thus, improving the thermal performance of pre-1919 dwellings with
solid walls should make a significant contribution to reducing domestic carbon emissions and
fuel poverty, particularly in Wales. Whilst solid walls can be insulated externally or internally to
improve thermal performance; this paper is focussed upon externally applied insulation.

Implementing retrofitted external wall insulation

Retrofitting EWI has many advantages over the alternative of internal wall insulation for
improving the thermal performance of solid walls. The main advantage is the reduction of risks
posed by unavoidable thermal bridging, for example at partition wall and floor junctions
(Immendoerfer et al, 2008; Building Research Establishment, 2002). However, achieving a
complete covering of EWI at particular critical junctions to prevent all thermal bridging during
installation can be challenging. These junctions include: window and door openings; wall to roof
junctions; window sills; and any projections, such as porches and conservatories (Construction
Products Association, 2010; English Heritage, 2010; EST, 2006; Immendoerfer et al, 2008).

Thermal bridging can lead to increased heat loss and thus a reduction in the overall thermal
performance of the EWI, along with internal surface condensation due to localised lower surface
temperatures (Ward, 2006). The greater the level of insulation in buildings, the more significant
thermal bridging becomes in terms of the overall thermal performance (Burberry, 1997). This is
supported by claims that heat loss can be increased by as much as 30% as a result of thermal
bridging between thermal elements and around openings (King and Weeks, 2010). However, the
most serious effect of thermal bridging is potential internal surface condensation as this poses a
risk of damp and mould growth occurring, which could have severe consequences for the health
of occupants (English Heritage, 2010). Health issues associated with damp and mould growth
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includes: respiratory diseases; asthma; fungal infections; nausea and diarrhoea; and depression
and anxiety (Roys et al, 2010).

Where thermal bridging does introduce internal surface condensation, to overcome this,
occupants can either: increase the internal air temperature to raise the internal surface
temperature above the dew point temperature of the air; or increase the rate of ventilation to
reduce the dew point temperature of the air to below the dew point temperature of the internal
surface. However, with either, or a combination of these approaches, energy use will be
increased (Burberry, 1997), which will undermine the overall effectiveness and thus purpose of
the EWI. Furthermore, households in fuel poverty are unlikely to be able to afford to increase
their energy use sufficiently to prevent the internal surface condensation and thus potential
damp and mould growth occurring.

It can therefore be concluded that thermal bridging needs to be avoided wherever possible, in
particular at dwellings where households are in fuel poverty. To prevent thermal bridging
occurring, the method of implementing retrofitted EWI should involve individual preliminary
surveys, which can then inform the production of appropriate technical detailing at the design
stage of the retrofitting process, in particular for the critical junctions identified above (Energy
Solutions, 2011). These design intentions then need to be executed on site, to ensure they are
not undermined by poor workmanship (Immendoerfer et al, 2008; Thomsen and Rose, 2009).

Methodology

In addition to the overall thermal performance, the literature review above has identified that
the main issue to assess with retrofitted EWI is thermal bridging. For assessing the overall
effectiveness of insulation and the location of thermal bridges, thermographic surveys are
claimed to be the most efficient and informative technique available (Pearson and Seaman,
2003; Thomsen and Rose, 2009). Thus, thermographic surveys have been undertaken before and
after the EWI installations. However, to gather further data to aid the evaluation process,
dialogue with the housing associations and field observations have also been undertaken. These
methods of data collection are based on established techniques used to undertake building
performance evaluations (Zimring, 2010; Leaman et al, 2010; Technology Strategy Board and
EST, 2009).

Dialogue with the housing associations

Through meetings, discussions and correspondence with the housing associations it has been
possible to determine: the process employed to implement the retrofitted EWI; when the
installations were taking place and therefore when to undertake the thermographic surveys and
field observations; and the locations of the Arbed | dwellings that were receiving the retrofitted
EWI. Collectively, this dialogue with the housing associations has proved invaluable in enabling
the retrofitted EW!I installations to be evaluated.

Field observations

Using a combination of photography and the reproduction of construction details, field
observations allow a comprehensive understanding of the technical solutions that were
implemented on site. Photographs were taken before, during and after the installations of the
EWI at a sample of the Arbed | dwellings. CHG have also provided photographs from their
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records for the evaluation. The observed construction details have been produced to record the
methods of installation on site. The details were then drawn up in CAD software using a
combination of observations, photographs and technical information from the manufacturers.

Thermographic surveys

To assess improvements in overall heat loss and identify potential thermal bridging within the
external walls that have received EWI, pre-retrofit and post-retrofit qualitative thermographic
surveys were undertaken at a small sample of the Arbed | dwellings. Qualitative thermography
produces thermal patterns, which can be used to identify locations of increased heat loss from
the external fabric. However, it should be noted that this method does not allow for the
measurement of heat loss. To aid interpretation of the thermal images, photographic images are
also captured. There are strict environmental criteria for implementing thermographic surveys
to maximise accuracy; these are summarised in Table 1. The process for implementing the
thermographic surveys is set out in Table 2.

Table 1: Environmental criteria for undertaking thermographic surveys

Minimum temperature difference of 10°C between the inside and outside of the dwelling, with
the inside being the warmer side.

No solar radiation exposed to surfaces for at least an hour before the survey.

No precipitation on surfaces for at least 24 hours before the survey.

Maximum wind speed of 10 metres per second during the survey.

Table 2: Process for implementing the thermographic surveys

1. Check weather forecast to identify suitable day to undertake survey.

2. Contact each occupant, either by telephone or in person, to:

e Provide an explanation of:
o The purpose of the survey;
o Reason survey has to be undertaken during the hours of darkness;
o Possible reasons for a likely change in arrangements (for example,
precipitation in the preceding 24 hours);
e Advise them of the:
o Date;
o Time; and
o Names of the thermographers;
e Request that they activate their heating at least four hours before the time of
the survey (to ensure there is an adequate temperature difference between
inside and outside the dwelling).

3. Check batteries for the thermal camera and charge if necessary.

4. Take digital photographs during the day prior to each survey.

Findings and discussion

This section of the paper illustrates and discusses a small sample of the findings from the
evaluation and is focussed on the technical solutions at the roof eaves and verge junctions.
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Commencing with the findings from dialogue with the housing associations, this is then followed
by the field observations and concludes with the thermographic surveys.

Dialogue with housing associations

Through meetings, discussions and correspondence with the housing associations, it has been
identified that an external project manager and a principle contractor were employed to oversee
and undertake the Arbed | works, respectively. The principle contractor then used sub-
contractors to install the EWI. A design and build contract was procured with the principle
contractor, which meant they were responsible for all preliminary surveys, resultant technical
design details and installation of the works. However, there is little evidence that preliminary
surveys were undertaken to inform the production of specific technical details for the Arbed |
dwellings. This is demonstrated by the housing associations having only received copies of
generic details, produced by the manufacturer, and by some of the methods used to install the
EWI, which are confirmed in the small sample of field observations below.

Field observations

The photograph in Figure 1 is the external corner junction between the eaves and verge at the
gable wall and was taken after the retrofitted EWI was installed at one of the case study
dwellings. This photograph represents an example of lack of planning before implementation
and poor execution on site. The following issues are illustrated: the new fascia board, which was
installed as part of the works, does not extend to the new outside edge of the gable wall,
resulting in an unsatisfactory finish; there is a gap between the edge of the fascia board and
insulation board that has been fixed to the gable wall, which could allow rainwater to enter and
penetrate the insulation, as well as exacerbating the potential thermal bridge at the eaves; the
capping that is covering the top of the insulation on the gable wall has been cut too short and
therefore does not provide complete protection from rainwater penetration; and the gutter
does not extend to the external edge of the roof tiles and therefore rainwater can run down into
the top of the unprotected insulation board fixed to the gable wall. Where rainwater can
penetrate the insulation, the likely consequence is that the overall thermal performance will be
impaired.

<+— QGutter
Pre-coated ——»

aluminium trim P
1

<+— Fascia
Gap between fascia —

board and insulation \ 1
fixed to gable wall S <«—— Pre-coated
aluminium

Figure 12: Photograph of a poorly planned and executed eaves junction detail (Hopper, 2012)

Figure 2 is the observed technical solution for the eaves. The detail illustrates the use of a ‘pre-
coated aluminium trim’ to cap the top of the insulation below the fascia board, as shown in
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Figure 1. The observed detail identifies the potential path of a thermal bridge at the eaves,
resulting from the insulation stopping below the fascia board. This method is the manufacturer’s
recommended technical solution for protecting the top of the insulation at buildings that do not
have a roof overhang. However, it would appear that a more satisfactory solution should be
explored to reduce the potential risks by this method of installation. If there is a thermal bridge
in the location identified, there is a risk of internal condensation occurring. The condensation
could lead to damp and mould growth on the internal surface of the walls and ceiling, which
could affect the health of occupants.

Figure 13: Eaves section detail as observed on site (Hopper, 2012)

Thermographic surveys

Figures 3 and 4 are a photograph and thermal image of an Arbed | dwelling before retrofitted
EWI was installed, respectively. Figure 5 is a photograph of the same case study dwelling after
the EWI was installed and Figures 6 and 7 are the corresponding thermal images. The
comparison between Figures 4 and 6 appear to demonstrate an overall reduction in heat loss
through the external walls, which could be used to promote the retrofitting of EWI. However,
Figures 6 and 7 appear to illustrate that thermal bridging has potentially occurred: at the eaves;
at the verge (of the porch); under the window sills; at the reveals for window and door openings;
and at the junction between the porch roof and wall, and the main external wall. Whilst field
observations suggest that these thermal bridges could occur, the thermal images appear to
provide evidence to this effect.
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Figure 14: Photograph of a case study dwelling Figure 15: Thermal image of a case study dwelling before EWI
before EWI was installed (Hopper, 2012) was installed (Hopper, 2012)

Figure 16: Photograph of a case study dwelling Figure 17: Thermal image of a case study dwelling after EWI was
after EWI was installed (Hopper, 2012) installed (Hopper, 2012)

Figure 18: Thermal image showing eaves detail at front porch of case study dwelling (Hopper, 2012)
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Conclusions

The purpose of this paper was to illustrate some of the key findings from an evaluation of the
installation of retrofitted external wall insulation (EWI). The retrofitted EWI was installed at
some of the most deprived existing dwellings in Swansea. Coastal Housing Group (CHG) and
Family Housing Association (FHA), who are both housing associations based in Swansea,
implemented the EWI installations following allocation of funding through the first phase of the
Welsh Government’s Arbed scheme (Arbed I). The evaluation was undertaken as a result of a
lack of methodology and limited funding to assess the effectiveness of the EWI, which was a
funding criterion of Arbed I.

The evaluation commenced with a literature review, which identified the importance of
upgrading the thermal performance of solid exterior walls in terms of reducing UK carbon
emissions. Furthermore, it has been identified that when retrofitting EWI the occurrence of
thermal bridging can undermine the overall thermal performance and this could potentially
introduce internal condensation, which can lead to damp and mould growth and subsequently
pose a health risk to occupants. Thus, the focus of this evaluation is thermal bridging through the
EWI. In order to assess the occurrence of thermal bridging, the methodology for data collection
involves: dialogue with the housing associations to gain a better understanding of how the EWI
was implemented; field observations using photography and the reproduction of technical
details to record the technical solutions that were implemented on site; and pre-retrofit and
post-retrofit thermographic surveys to assess overall reductions in heat loss and identify the
locations of potential thermal bridging.

The key findings from the data indicate that potential thermal bridging has occurred due to a
lack of preliminary surveys and appropriate technical details at the design stage of the retrofit
process, and poor execution on site. From these findings, it can be concluded that the
production of observed technical details has provided a valuable link between photographic and
thermographic data for assessing some of the potential issues surrounding the methods and
quality of installation of the retrofitted EWI. To identify if the thermal bridging does introduce
internal condensation, it is recommended that further research is undertaken, which includes
longitudinal monitoring of moisture levels on the internal surfaces within the dwellings.
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Case study D

Assessing retrofitted external wall insulation

Jo Hopper

Assessing the performance of retrofitted external wall insulation to existing properties is
the theme of this case study chapter. The work draws on applied research conducted on
existing houses in South Wales. The background and context to the research is described,
followed by an exploration of the issues relevant to the insulation of solid external walls
of existing dwelling houses. This is followed by the methodology, findings and
discussion, and conclusion, which includes recommendations and implications for
research by architectural technologists.

INTRODUCTION

Within this chapter the author demonstrates the significance of the architectural
technologist’s knowledge and skills for undertaking applied research. The author is an
architectural technologist and winner of the CIAT Student Award for Technical
Excellence in 2010 (CIAT, 2011). The award winning submission was based on the final
year design project from the author’s first degree, which was from the Cardiff School of
Art and Design within Cardiff Metropolitan University (formerly the University of Wales
Institute Cardiff). Following graduation the author successfully applied to study for a PhD
through applied research within the same school. The aim of the research is to evaluate
the implementation of retrofitted external wall insulation (EWI) and the resultant impact
on energy use, carbon emissions and fuel poverty. EWI was installed through the first
phase of the Welsh Government’s Arbed funding scheme at a selection of Swansea’s
hard-to-treat dwellings. One of the funding criteria was that monitoring and evaluation
should be undertaken to demonstrate the effectiveness of the energy efficiency
improvements. However, there was no methodology in place and very limited funding for
these assessments, therefore the doctoral research project was designed by a housing
association based in Swansea in conjunction with Cardiff Metropolitan University with
the aim of meeting the requirements.

One of the objectives of the research is to examine the technical solutions used to retrofit
the EWI and determine the effects on the quality of installations. The methodology
adopted includes site visits to discuss the retrofit process with the housing association and
to undertake field observations (during and after installations), along with pre-retrofit and
post-retrofit thermographic surveys. The key findings comprise evidence of potential
thermal bridging as a result of an incomplete covering of insulation, which was due to
either: inadequate preliminary surveys; the omission of appropriate technical details at the
design stage; poor execution and insufficient quality control on-site during installations;
or a combination of these issues. These findings could have implications for stakeholders
involved in EWI retrofit projects, in particular for phase two of the Welsh Government’s
Arbed scheme and the UK Government’s forthcoming Green Deal initiative.

BACKGROUND AND CONTEXT

The UK Government has set a legally binding target to reduce greenhouse gas (GHG)
emissions by 80% by 2050. However, if this target is to be realised then the reduction in
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GHG emissions resulting from energy use in existing dwellings needs to be prevalent.
With over 66% of the current housing stock expected to still be in use in 2050
(Department for Communities and Local Government (DCLG), 2008), thermally
improving existing dwellings is becoming a priority. The challenge of undertaking these
improvements is equally important, as the UK have a substantial number of older and
poor quality dwellings. Around 15% of approximately 26 million existing dwellings in
the UK were built before 1919 and 40% have a Standard Assessment Procedure (SAP)
rating of 41 or below, which correlates to an F or G rating on an Energy Performance
Certificate (DCLG, 2006).

All G rated and many F rated dwellings have a SAP rating of 30 or below, which
indicates they have very poor thermal and fuel efficiency (Boardman, 2007; DCLG,
2006). These dwellings also qualify as a Category One Hazard for Excess Cold under the
Housing, Health and Safety Rating System, which means they pose a risk to the health of
occupants (Boardman, 2007). The majority of these dwellings are also classified as ‘hard-
to-treat’, which denotes that they are either: of solid wall construction; of non-traditional
construction; not on the mains gas network; do not have a loft space; are part of high rise
block; or are not suitable for standard efficiency measures for technical reasons (National
Energy Action, 2008; Housing Energy Advisor, 2011). According to National Energy
Action (2008), over 50% of hard-to-treat dwellings are of solid wall construction.

In Wales approximately 21% of existing dwellings have solid walls (King, 2012a). In
recognition of the requirement to thermally improve these and other poor quality existing
dwellings the Welsh Government implemented the Arbed funding scheme in 2009. The
purpose of the scheme is to take a community-based and whole-street approach to the
reduction of energy use, carbon emissions and fuel poverty. For phase one of Arbed, local
authorities and social housing providers were able to bid for a share in the funding to
upgrade both public and privately owned dwellings in the most deprived areas across
Wales. Approximately 30% of the £60 million funding was invested in insulating solid
walls at nearly 3000 hard-to-treat dwellings across Wales (Welsh Government, 2011).
These figures suggest an average cost of £6000 per dwelling, which is around 50% less
than for an isolated installation. These reduced costs were achieved due to the application
of economies of scale (Welsh Government, 2011). EWI costs at this level are comparable
to levels of funding that are expected to be available through the Green Deal, which is
estimated to be up to £10,000 (AECB, 2011).

INSULATING SOLID WALLS

Solid walls can either be insulated internally or externally. As documented in Hopper et
al (2012a), the advantages of retrofitting EWI over internal wall insulation include:
reduced risks from unavoidable thermal bridging caused by an incomplete covering of
insulation, for example at partition wall and floor junctions; air-tightness is improved;
thermal mass is retained on the inside of the building, thus aiding control of the internal
environment; minimal disruption to occupants; internal floor area is retained; and internal
fittings and fixtures do not have to be relocated or restricted to predetermined locations.
The main advantage of EWI is that it provides a thermal and waterproof layer for the
entire envelope of the building (King, 2012b). However, retrofitting EWI can present
technical challenges to ensure a complete covering is achieved.

Where EWI is not continuous, avoidable thermal bridging can occur. This poses a risk of
internal and interstitial condensation, which can lead to damp and mould growth, and
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compromise reductions in heat loss (Hopper et a/, 2011 and 2012a; English Heritage,
2010; EST, 2006; Immendorfer et al, 2008). According to King and Weeks (2010),
approximately 30% of heat loss from a building can be attributed to thermal bridging
between thermal elements and around openings. Furthermore, Burberry (1997) states that
the greater the level of insulation in buildings, the more significant thermal bridging
becomes in terms of the overall thermal performance. To minimise thermal bridging
when retrofitting EWI, and thus increase overall thermal performance, preliminary
surveys should be undertaken to inform the production of appropriate technical details at
the design stage (Energy Solutions, n.d.). Particular attention is required when designing
details for: window and door openings; wall to roof junctions; window sills; and any
projections, such as porches and conservatories (Construction Products Association,
2010; English Heritage, 2010; EST, 2006; Immendorfer et a/, 2008; Hopper et al, 2012a).
These design intentions then need to be executed accurately on site, to ensure overall
thermal performance is not undermined by poor workmanship (Immendorfer et al, 2008;
Hopper et al, 2012a).

METHODOLOGY

The focus of this study is to assess EWI installations at some of the Arbed phase one case
study dwellings in Swansea. The purpose of these assessments is to examine the technical
solutions implemented on site and determine the effects on the quality of the EWI
installations. Based on the literature review the most significant issue that could affect the
overall quality of the EWI’s physical performance is that of thermal bridging, and the
subsequent consequences related to possible condensation. Using established building
performance evaluation techniques for data collection, the methodological approach
decided upon includes: site visits, which involved meeting with the housing association
and undertaking field observations at the dwellings to record methods of installation; and
pre-retrofit and post-retrofit thermographic surveys to assess before and after heat loss.
Collectively, these methods should allow for the identification and causes of potential
thermal bridging.

Site visits

During the site visits regular meetings were undertaken with the housing association and
information was collected to inform the process used to implement retrofitting the EWTI at
their allocated Arbed dwellings. Site visits also involved field observations, where the
main method of data collection was photography. Photographs were taken before, during
and after EWI installations, which allowed a record to be kept for the different stages of
the retrofit process. Through field observations, the technical details that were
implemented on site were also recorded. These technical details were then drawn in CAD
software, using a combination of the photographs, observations made by the author, and
generic details and specifications obtained from the manufacturers of the EWI systems.

Thermographic surveys

Pre-retrofit and post-retrofit thermographic surveys were undertaken to qualitatively
assess external wall insulation that has been installed at a small sample of the Arbed case
study dwellings in Swansea. The qualitative thermographic survey images display
thermal patterns that indicate the possible locations of increased heat loss and thus
potential thermal bridging. Due to the environmental conditions recommended to
undertake a thermographic survey, the initial challenge was to determine a day with a
suitable weather forecast, both before and during the planned survey. The
recommendations include: no solar radiation for at least the preceding hour before the
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survey; no precipitation during the survey and for the preceding 24 hours to ensure the
fabric is completely dry; and maximum wind speeds of 10 meters per second.
Furthermore, a 10°C temperature difference between the inside and the outside of the
building during the survey is recommended.

Once a suitable date and time for each survey was determined, occupants were contacted,
either by telephone or in person, to explain the purpose of the survey and to establish their
availability. If the occupant was available, they were: advised of the names of the
thermographers; requested to activate their heating at least four hours prior to the survey;
requested that all windows and doors are kept shut before and during the survey; asked
for permission to take photographs of their home, as well as take the thermal images; and
permission was requested to enter their home at the time of the survey to record internal
temperature and relative humidity readings. Photographs were taken the day preceding
the surveys for the purposes of aiding interpretation of the thermal images.

Results from one Arbed dwelling in Swansea are described for the pre-retrofit and post-
retrofit thermographic surveys. These results represent common findings displayed at
many of the Arbed dwellings in Swansea.

FINDINGS AND DISCUSSION

The housing association worked with an external project manager and engaged a design
and build contract with a principal contractor to oversee and undertake the retrofitting
works. The contractor employed sub-contractors to install the EWI. Although the
principal contractor was responsible for the preliminary surveys and the resultant
technical details for the various types of junctions, there is little evidence that these were
undertaken. Lack of evidence is demonstrated by some of the methods used to install the
EWI, confirmed in the field observations. Furthermore, the housing association only
received copies of generic technical details and specifications, which were produced by
manufacturers.

Time constraints imposed by one of the Arbed funding criteria may have restricted the
level of preliminary work that could reasonably be undertaken. This criterion was that
works had to be completed by the end of March 2011, which was less than 12 months
after confirmation that the funds were to be awarded. Much of this time was spent
engaging with occupants of dwellings and undertaking procurement for the works.
Installations of the EWI commenced in late December 2010. This meant that much of the
work had to be undertaken in poor weather conditions, despite the manufacturers’
recommendations that the EWI is not to be installed in such circumstances.

Field observations

Figure 1 is an example of a completely sealed external junction at the eaves, which
demonstrates that despite the challenges of retrofitting EWI, relatively good detailing can
be achieved in practice. Nevertheless, there is likely to be a thermal bridge created at the
eaves due to the insulation stopping below the fascia board, as demonstrated in Figure 4.
This is the technical solution recommended by the manufacturer for buildings with no
roof overhang at the eaves and verge junctions, which is the form of roof construction at
the case study dwellings.

Figure 2 is an example of poor execution on site, a direct contrast to Figure 1, in that it
appears that not enough thought and consideration has gone into how to achieve a
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satisfactory technical solution. The new fascia board, which was installed as part of the
works, does not extend to the new outside edge of the gable wall, resulting in an
unsatisfactory finish. There is a gap between the edge of fascia board and the insulation
board that has been fixed to the gable wall, which could allow rainwater to enter and
penetrate the insulation, as well as exacerbating the potential thermal bridge at the eaves.
The capping that is covering the top of the insulation on the gable wall has been cut too
short and therefore does not provide complete protection from rainwater penetration.
Furthermore, the gutter does not extend to the external edge of the roof tiles and therefore
rainwater can run down into the top of the unprotected insulation board fixed to the gable
wall. Where rainwater can penetrate the insulation, the likely consequence is that the
overall thermal performance will be impaired.

Figure 3 demonstrates a lack of a preliminary survey that should have identified the
obstruction the insulation will cause for opening the window. As a result, an area of the
wall has been left un-insulated and has created a thermal bridge. Had a preliminary
survey been undertaken, a more appropriate technical solution for the junction may have
been ascertained. This particular issue was relatively common in the Arbed case study
dwellings in Swansea and in each situation where this was encountered, an area of the
wall had to be left without any insulation.

Figure 1: Example of a well Figure 2: Example of a poorly Figure 3: Example of lack of a
planned and executed junction planned and executed junction preliminary survey and
detail detail appropriate technical detail

Figures 4 to 6 (which are not to scale) illustrate the technical solutions implemented on
site at eaves, window sills and pavement to external wall junctions. These details have
been produced based on observations from sites and have provided a valuable link
between photographic and thermographic data for assessing some of the potential issues.
Figure 4 demonstrates the use of the pre-coated aluminium trim to cap the top of the
insulation, which can be seen in Figures 1 and 2. This detail identifies the potential path
of a thermal bridge at the eaves, resulting from the insulation stopping below the fascia
board. As discussed above, this is the manufacturer’s recommended technical solution for
protecting the top of the insulation at buildings that do not have a roof overhang.

However, it would appear that a more satisfactory solution should be explored to reduce
the potential risks posed by this method of installation. If there is a thermal bridge in the
location indicated, there is a risk of interstitial and internal condensation. This could lead
to the rotting of timber and thus jeopardise the structural integrity of the roof
construction, and also lead to damp and mould growth on the internal surface of the walls
and ceiling, which could affect the health of the occupants.
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Figure 4: Eaves detail as observed on site (Source: Hopper et al 2012b)

Figure 5 illustrates the method of installing the EWI system at the window sill junctions.
To maintain the window projection, insulation was fixed to the front of the existing stone
sills. The rationale for this method does not appear to be for the purpose of minimising
heat loss at this junction because there is the potential for thermal bridging through and
below the existing stone sill. This could result in damp and mould growth occurring
below the window sill on the internal surface of the wall. A more satisfactory solution
could have been to insulate above and below the window sill and thus provide a
continuous covering. This could be improved further by ensuring that future window
replacements incorporate frames with a thermal break.

Figure 5: Window sill detail as observed on site (Source: Hopper et al, 2012b)
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Figure 6 shows the method used to insulate the base of the external wall at the junction
with the pavement. There are two variations in the methods of installation recommended
by the manufacturer in their generic details. One method is that extruded polystyrene
(XPS) is installed below the phenolic insulation, which is used above the damp proof
course (dpc) level. With this method the manufacturer’s recommendations also illustrate
that the XPS should be installed below ground level. The other method is for no
insulation to be installed below the dpc level. Instead with this method, the plinth area of
the external wall can be painted with silicone paint. While an attempt has been made at
the Arbed case study dwellings in Swansea to improve the thermal performance by
insulating the plinth of the external wall, unless the first method is used there remains the
potential for thermal bridging at ground level (as shown in Figure 6). Due to the age of
the dwellings it is predicted that most of them have suspended timber ground floor
constructions. If condensation occurs due to the thermal bridging, there is a risk that the
floor structure could get damp and thus rot. In addition, damp and mould growth could
occur at the base of the internal surface of the external wall.

Figure 6: Pavement to external wall junction detail as observed on site (Source: Hopper et al 2012b)

Thermographic surveys

Figures 7 to 11 show an Arbed case study dwelling in Swansea before and after the work
took place. Figures 7 and 9 aid interpretation of the thermal images (Figures 8, 10 and
11). The comparison between Figures 8 and 10 appears to demonstrate an overall
reduction in heat loss through the external walls, which could be used to promote the
installation of EWI. However, Figures 10 and 11 appear to illustrate that thermal bridging
has occurred: at the eaves; under the window sills; at the reveals for window and door
openings; between the XPS covering the plinth of the external wall and the phenolic
insulation covering the remainder of the external wall above; at the junction between the
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pavement and external wall; and where services enter the dwelling, for example the gas
pipe. While the field observations suggested that these thermal bridges could occur, the
thermal images appear to confirm that they do.

As discussed by King and Weeks (2010), English Heritage (2010) and Hopper et al
(2012), not only could thermal bridges undermine reductions in heat loss, they also
present a potential risk to both the dwelling structure and health of occupants due to
interstitial and internal surface condensation. If the illustrated methods for implementing
EWI were to be used for the Green Deal, there could be implications for litigation as a
result of this induced condensation. In order to reduce the risk to the health of occupants
posed by consequential damp and mould growth, the internal air temperature needs to be
increased to raise the internal surface temperature above the dew point temperature of the
air. The alternative is that the dew point temperature of the air is reduced to below the
dew point temperature of the internal surface by increasing the rate of ventilation. With
either, or a combination of these approaches, energy use will be increased, which will
undermine the overall effectiveness and thus the purpose of the EWI. Furthermore,
insufficient reductions in energy use will result in the principles of the Green Deal not
working for EWI; and achieving the 2050 target could be jeopardised.

Figure 7: Photograph of an Arbed case study Figure 8: Thermal image of an Arbed case study
dwelling before retrofitted EWI was installed dwelling before retrofitted EWI was installed

Figure 9: Photograph of an Arbed case study Figure 10: Thermal image of an Arbed case
dwelling after retrofitted EWI was installed study dwelling after retrofitted EWI was
installed
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Figure 11: Thermal image showing small area of external wall after retrofitted EWI was installed

CONCLUSION

The findings have demonstrated that thermal bridging can result from a lack of
preliminary surveys and appropriate design details for the individual dwellings at the
design stage, along with poor execution and a lack of appropriate quality control on site
during the installations. These findings could have implications for future EWI
installations, in particular proposals through the second phase of Arbed and the
forthcoming Green Deal initiative. It is recommended that further research is undertaken
to investigate: the occurrence of interstitial and internal condensation in the locations
identified, for example at the eaves, under window sills and external wall to ground floor
junctions; any resultant affects on the structure of the dwellings and health of occupants;
and alternative technical solutions to prevent thermal bridging at a range of critical
junctions, which are commonplace at existing dwellings.

This case study has also helped to demonstrate the value of the skills and knowledge of an
architectural technologist for undertaking applied research. In the author’s opinion
architectural technologists are suitably qualified with the technical and scientific
knowledge and skills to:

e Assess existing dwellings for suitability for retrofitting EWI through undertaking
preliminary surveys;

e Identify and produce appropriate technical details to overcome thermal bridging at
some of the problematic and non-standard junctions that are encountered at
existing dwellings, particularly those that are older and unique in their original
construction;

e Recommend appropriate materials for the wide variety of constructions used to
build existing dwellings in the UK;

e Undertake on-site quality control checks (for example, using field observations
and thermographic surveys) and make impulsive decisions on how to overcome
unidentified issues that are encountered during the retrofit process;
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e Monitor and evaluate the implementation and execution of retrofit projects to
ensure that lessons learnt are acted upon during decision making of future
projects;

e Assist manufacturers with developing new products to overcome non-standard
junctions to avoid thermal bridging; and

e Undertake Green Deal Assessments to reduce potential for future litigation that
could result from inappropriate advice and recommendations from a lesser
qualified assessor.
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1o undartaia knvaiva maasuring: tha hasl kss/ gain Trough ha evtamal tic of your hama using infra-rad
hamagragny; lamparaira; mumidty, vaniiaion (nawral and mechanical); slacrical croull Sows and
anangy Usa Using Sman matans.

Anaanymity

Wiz will 13k 3 ra3sonabis 51308 10 presanes Y oW anamymity and we will r2spect your privacy a1 a3l tmes.
Whan producing projact raparts and ofar pubicaions Besad on Maragaarch, 1ha data Ml wa coliact fram
your hama and fram imandaws wa conduct with you will be prasaniad In an ananymaus form. This means
That wa will nal pravida any infanmaton hal would posiivaly kamify your hame, yau o any mambar of yaur
hausahaid,

Vi ar2 bound by e f=ms of ihe dala proteclian act and, wnisss you glive your parmisskan, wa will nat
A50i52 ANy NTNMENaN Wanad 00Uy 0U O your Nousandid 10 3y ans auisida 18 EBERE fas aandh 12am.
Your d3t3 will b2 haid sacuraly 31 e Univarsity and Wil b2 dasirgyad anar 10 yaars.

WWhan wa hava frishad tha study and anafysad tha informaton, the consant farm and 3 ha foms wausa 10
gamer data will ba kept for 10 yaars sinca Tis ks a raquiramant of ane ofha funding bodias for Tis rasaarch

project

‘Withdrawal

W fully undarstand 1hal you may changs your mind aboul baing Invaivad in M2 projact and would raassurs
you Tal you ars fras w1 wildraw from e project a1 any Bma. I you f2d W necsssary to witidraw, 3
parsonal konmation will ba deisted and M raquasiad Sl resaanch data ralgiing 1o your home will ba deistad
a0,

Furthar information

H yau have any quaries aboul e projecl or would Wi Turiher Infarmation Dafre making up your mind,
[piazsa dan'l hesitzie 1o contadl maar ana af e tzam a1 UAWIC.

Caperimant of Anchbecrl Shosen @ i e EEAs] Grog

Dracior of RERTR. Or Join B LESeessd  iigeoes Sy wic e s
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B |1~.'

2ULINNIC

The Ecological Bwilt Environment Ressarch & Enerprise group (EBERE)

CONSENT FORM

W Ethica Refarencs Humibsr 18010211 Haoppar

Participant name or Study 1D
Niumibsar

Titha of Project Emdronmantal Parirmanca of Exising Homsas Projact

Hama of Rasaarchar Ja Hoppar

PLEASE COMPLETE THIS SECTION BEFORE THE INTERVIEW AND
MONITORING COMMEMNCE 5

Pleges witts your inttlale in sach boxand sign and dats the declarstion below:

1.

| o al | have r23d and undarstand e Infrmatian shest dated 16 Febnuary
2011 for 2 above study. | iave had e apporiunity 10 canskder the infrmatan,

| Undarstand Tat My parkcipanian is volumiary and Mat | am iras t withdraw 3t any
B, withoul ghing any regsan, withaul my relasonship Wil UWIC o Caastal

HOUSing Groug, o my 120al rights, baing afiacisd.

| Undarstand Mat relsvam SacEaNs of Ny Fasaarch noles and A3t calaciad durng
ma sy may be looked 3 by hase UWWIC respansiia fr

and mariaring Tis resaarch and for data proteciian. | ghva parmissian fr Thase
Individugis 1 have 300255 10 My recands for al purpase.

13graaa a2 par inha a00va STy,

1 3graaia M2 bmarviaw baing 3udla racandsd.

Namea of parscipan

sagnawra of parsoipan Daia

e

o S @ B e (REaAE] Grap

Direcior of RERTR. Or Jom R LEbweo g S wie ge 1k
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The Ecological Buwilt Envinormant Ressarch & Enterprise growp (EBERE)

HOME QUESTIONNAIRE

Far usa in imarviaws:

1. HOU SEHOLD DETAILS

1.1. Addraes:
Postcoda:
1.2, TaNUrs. pomk ow oy
Cranar acougiad [ | mamzd (o0 landiord) [ | sam=d (mrvaiz landiond) O
1.3 How many peopls nommally lve In your homs within the following age groupe?
Undar 5 yaars oid 18— &5 yaars
§=17 yaars Crvar 55 yaars
1.4, How many pacpls of aach gandsr nommally Iva In your homs?
REE Famals
1.5 'What pariode of the day s your Roms CECUpisd’ pur s e m)
a  During waskdays?
Maming O | wnemms (] | #nemaan ] | evenng [ | magm O
b. At weskande?
Marming 1 | wmcrime [ | an=moon [ | ze=wng [ | saget 1
1.5, 'What Ies the total annual Incoms for your housshold ¥ ek o = oy
Salow £15,00 [1 | 15000 -£250m [1 | 25000 -£350m |
E£35,000 - £45,000 [ | cwer £25.0m [ | conat want o say O
Homsa Cussionnaira Ms JaHappar, EBERE, UWIC Pagaiaf 12

Tai 129 2020 1196
Emall: jonhampan Euwic 3c Uik

Diraciar of EBERE: DOr J Lilawood, Emall: Jiilawaodanic ac uk
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The Ecoinpical BT ERANDRMBNT Research & ERIMDIEE Qroup (EBERE)

1.7. What Ie tha lewal of the highest educational gualification in the houwsshold 7

ark o ey

Na qualifcIians [ | zossr o Love o aquivaiamt [ | | A-Laval or squivaiant ]
Waocatonal qualtcatons [ | oegres [0 | canot wan ta say O
(WY B3 o squivalam Highar dagres O

2 PROPERTY DETAILS

21, What typs of homa do you e InF ek cne == =g

Datachad [] | sem-detacne [] | weterace O
0

End-laraca | s

2.2, 'Whan was your homs bullt, approximately? reak ooe 5oy

Bafwa 1900 | 1901 — 1320 | 1921 — 1350 ]| 1251 — 1380 O

1851 — 1330 | 1991 —20m 1| zane= 200 O | camt snaw O

2.3 How many of the following roome do you have In your homa?

Sedroams Living roams Dining rosms
KicnaEns EFichan! Dinar Safwoams
Hals Siairs Landings

NS (pleame smacids)

2.4, 'What typs of sxtemnal walls doss your homs Rave? roak w e woy

Sk O | camy [ | Temoer trama O | camt snaw |

25, &rathe extemnal walle of your homs Ineulatad ¥ reark oo == o

fiag, 3 [ | es. sama | e [ | Camt know |

If yae, what typs of Insulation has besn uesdT parc e oy

Imamal [ | canmy []| ex=mna [] | D maw ]

Hama Cussiannaire W= JaHappar, EBERE, UWIC PageZaf 12
Tal: 29 2020 1196
Emill: janampaniuwic 30 ik

Diraciar of ESERE: Dr J. Lilawood; Emall: il=woodEamwic ac i
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2 LINCTC

The Ecological Buwilt Envronmeant Research & Enmerprise group (EBERE)

25 Doee your homa have 3 loft Bpace? puark ce b= =g

Yo O | ma ] | comtmow O
It yae, 160 Ineulated 7 omrse o o o
e [ xa [ | ot snow |

If yae, e the Insutstion on the fioor of the reof spacea or dirsctly undsar the roof covering (Le. betwesn,
above and! or balow the rattere]? pak w e e

Onha fow O | Uindsar roal cavanng O | Dot knaw O

27. Do9e your homsa have any double, sacondary or triple glazing? rark oo o= =

Yee O wa O | oomt now O
It yae, what type, what percantage do they repressnt and how okl ans ey ? ces w s s

Sazlad unil with doula glazing [ | Fixed sacandary glazing [ | Temporary sacandary glazing [
ProAE e % S AT % ProamEa e %

AR ] y2ars AR ] y2ars AR ] y2ars
Trigia glazing [ | oot snaw O

Parcamaga.__________ | %

AR ] yaars

3. ENERGY USE

31, Which of the feliowing appliancas 40 YOU USS IN YOUT NOMET rak w e wm)

Yan Mo Yan Mo Yan Mo
Rafigeraiy O O wsshing machine O O oectickems O O
Fraaer O O Tumiiedrys O [0 peswopoompue [ [
Microwae O [O Tasawiskan O O |sotopcompuisr O O
Disi-washar O [0 #-rveugosystem [ [ ool phons O O

dange

Hama Quesionnaira Mz Ja Hoppar, ESERE, WIS Pagaddali2

Tal: (129 2020 1196
Emalil: johappan Suwic.3c Uik

Diraciar of EBERE: Dr J. Lilliewoad; Emall: itiawodd@anmic ac uk
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The Ecological Bullt Environmaent Research & Enerprise qroup (EEERE)

332 How much and how often do you pay for ELECTRICITY In aach sa3son?
‘Wiaakly Monthiy @uarterty
‘Winter E E
Spring £ £
£
SLprmamear £ £
Autwmn £ £
Flmage piario woor eleciicity o0 What Te your annual coneuwmpdion? KWh
3. How much and how often do you pay for MAIN S GA S In aach seaeon?
Wiaakly Monthiy G@uarterty
Winter £ £
Epring £ £
£
SLomamar E E
Autwmn £ £
Flaase misrio your gas 200 Wihat 18 your annual consumiption ¥ KWh
5.4 DO You ues any OTHER FUEL{ %) 0N 3 raguiar DaslE? e s s sy
Botiad Gas O (== O | o O |How=zcoa O
Whood |:| ONa iplease specify) |:|
How much and how oftan do you pay In each sason?
‘Wiaakly Monthiy @uarterty
‘Winter E E
Spring £ £
£
SLprmamear £ £
Autumn £ £
Flaage pierio woor ils) Wihat 1e your annual conemmpion P e
Hama Qussiiannaire W= Jo Haoppar, EBERE, UWIC Pagafaf 12

Tl 29 2020 1195
Emall: johoppanEBawic 3C Uk
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The Ecoloqical BWIT Envvironmaeni Rasearch £ Enterprise group (EBERE]

55 D0 you epand mors than 109 of your howsshodd Incoms on slsctrictty and haating Tor your
hoama? {This can be warad oul Sfinar wasidy, manminly oF yaarly dapanding on how ofian you pay
your bils and racaiva your Incoms)

g | | Ma |

Dot know |

[CaloulaBian — H ragquirad)

56, Do you sxpariance any Tinancial difficuttiss with paying your housshold utiiity bills {s.g. for
ricity. gae, watar])? o e o= i

Aways |:|| Usualy | | somatmas [ | Rargy ] | hava ]

37. Hawayou had to maks any Weetyls choless becaues of the cost of your housshold bille {a.g.
putting wp with the cold to save monsy on haating bIE} T ras o b= o

] |:| Yas |:| fVrine ComEmanl Dadow)

38 Pleaps state how much youw agras with the following statamants:

I am wiormied about how much ENERGY | usa Tor ahvimwnanial naasons:

R . Nafhar agres S Strongly
swangly agree [ ] = O 1::’-:!53?93 [] | Déegree [l -:ls-:;‘;'l-'_-e O

| am wioamiad about how much ENERGY | ues Tor fnancial raasons:

" Waithar agras - Strangly
swangly agree [ | Agres 0O e[| D= [ geae O

nor disagras dizagras

33, Do you understand the Tollowing terme?

Sustainabiity Yo | e U

Hyss, passe specily

Home Cuesiiannaine Ms Ja Hoppar, EBERE, WIS Aaga5af 12
Tai: @29 2020 1195
Email; jonappanEanaic 30 Uk

Diraciar of ESERE: Dr J. Lilawood; Emall: iilawoodamic s ik
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The Ecoingical BT ERAMMRMant Ressanth & ERTmuiss group (EBERE)

One planst Iving e HIE O
iyas, passe spaoty
Ecclogical Tootprint s | ma O
Iyes, pasgse spady
Low carton Iving Yo (]| xa ]
iyas, passe spaoly

310, Do you want to find cut mors about thess tarme? | as | e O

4. ROOM HEATING 5Y 5TEM

4.1. 'What typs of room haating syetem doss your Romse UesT rark e o= =y

Solar and radigiors [ | storage neatars [ | soom memars |

Cfinar (2.9 ool Bra) Fresse specif [ | oomtinow O
432 How ol e your rocm hasting eystam? pas ow == =

Lesstnan §y=ars [ | 5-10 yaars U | orver 10 years [ | ot mnow O
43, What temparatura do you est your reom haating syestem at?

[l = i T = T Dean onaw O
4.4 Wt 1s the main tusl ussd Tor your room hasting eystam? mas cw o= =

Mains Natwal G3s [ | Soied G3 O | vz (ous O] |

House codl [] | Migm=sver offpegic [ | O off pasic ] | onpesk gecinicty [

Saciricity aciricity
Voad O | omer mimases somemtel e [ | oot sonow |
HomeQueslonnare  Ms JoHopper, EBERE Pagegof 12

Emall: johopperuaic 30 Uk

Diraciar of ESERE: Dr J. Lil=wood; Emall: Jiil=woad@anic s i
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The Ecological Bwilt Environment Ressarch & Enerprise group (EEERE)

&

45 ‘What typs of controls do you have Tor your reom hesting eyetem? s s o s

N contraks [ | moom mermastatis) [ | Tener! programenar [ | Thermastass radiator [

vavEs TvEs)

safomatcchange [ | omer | oot mnow O

canral an siaraga ~ .

nediars Fisese Spetity
45 I you havs 3 programemsr Tor your ro-om haating eystsm, how many esttings doss i have?

Mark o b onlyl

24 hours O | 7 days O | ol |- R ——— O | oomimow [
47. How aagy ars the room hagting eystam controds to operate? mas o == o

Easy O | Falyasy [ | o O | DUl O | veyamom [

4. HOT WATER 5Y S5TEM

5.1. How e your hot water provided 7 mars e 5= i

Cantral haging O | cumemmarsiongon [ | smgiemmarssan [ | sngiemmarson [
Fystam & O paz) (O paae Wigmisavan { }
Gazcommoaar [ | nstam saciic | =as.cmor 5004 [ | ot sonow O
[nEtamEneIs) {2.0. oo O Woo)

fudi ranga

5.2 ‘What tamparaturs do you est your hot water eyetam at?

WM €T SummE C Dt inaw O

53 18 your hot water cylindar INBUISted? ek o o= o

Nl appiicabis ] | mamnsuston ] | s, with spray foam O
ThiCnes.o ] mm

Yag, wilh 3 Jacksl ] | comtinow O

THCSES o mm

54. Do you have any plps insulstion on the pipss betwesn your bolisr and hot water cylindar?
iark o b only]

Nt appicatia O | Yag | | Na | | Dt kenaw O

Hame QuasBonnaira Mz J1 Happar, EBERE, UWIC Aaga 7ol 12
Tal 029 2720 1195
Emall: johapar o ac Uik

Diracior of EBERE: Dr J. Liliawood; Emall: itlawo0damic ac Uk
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i gl
The Ecological Bwili Envaronment Research & Enterprise group (EBERE)

LULINNIC

55 'What hot water system controle do you hawe? e s e won

NOME eecar ] | Programmar [ | Temer O | wanmesing [ | comimow [
T e [ g ]

58 I you havs 3 programmer for your hot water eystem, how many esttings doss | havs?
ik sy

znowr: [ )7 | wanneog [ | omer O | comtwnow [

5.7. How a3gy ars the hot water systam controls to oparata? mae o o= o
Easy |:||F.Eli].'eaa}' |:||mc |:||EI1'I::I.I1 |:||".-'a]'d1'l:1l1 O

6. LIGHTING

&.1. Do you have snargy saving lght bulbe In your lght THHNGET reak o == o

g, 3 [] | ==, soma [ | ma ] | cammaw O
Vi3l parcamage
.................................. %

&2 Do all reome in your homsa have accass to natural Bght during the day? (La. through windows

Yau [ | Homieese specrs weicrn moms gamrs O | ceant s |

7. YVENTILATION

7.1. How oftsn do you ues the cooker hood! axtractor whan somsons e co-oking In the kitchan?
Mk = = Nor snch ssswan ool
Arways Usualy Somatmas Raraly Nava

in e WINTER? | | | O |

Intz SUMMER? ] ] ] ] ]

Wil appicatz {do nal have 3 ootk hood axiraciy Inhe kichan) O

Hama Quasiannaire Ms JaHaoppar, EBERE, UWIC Pagadaf 12

Tal: 29 2020 1196
Email: ahappEaaic 30K

Diracior of EBERE: Dr J. Liliewood; Emall: ilawo0damic ac Ui
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The Ecological BT Ervironmant Rasearch £ Eniarprisse grovp (EBERE]

(Park ol Bt mppiyl

7:2. Haweyou noticed any of the follewing in each of tha rooma leted 7

frepeeenset

e
Lving room 0
KFichan O
Satroom O
Sadroam 1 O
Badroom 2 I:l
Badroom 3 I:l
Sadroam 4 O

H O O H H
H O O H H
O O O O O
O O O O O
L] [ ] L] L]
L] [ ] L] L]
O O O O O

iark o b on smch ined

7.5 D0 you ever keap your windowe cioesd In WINTER Tor any of the following resscna?

Caid O
Draughts

Naisa outside
Securtty (far of

minudars gafling i)

Smeals of ar
polutan ouldoors

O O 0O 0o od

Zaving anargy

Always

Nevar

O

LEUATY SaMalimeas

U U

L

00O O O
00O O O
OoOoO o ood
00O O O

Haoma Qussiannaira

Tl 129 2020 1196
Emal: janamnanmunwic 30 Ui

Pagagaf 12

Diracior of ESERE: Or J. Lilewood; Emall: [ilawo0damic.ac Uk
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- 4 ) »
FLINIC
Tha Ecolpgical Bullt Envirpmmeant Ressarch & Enrerprise group (EBERE)

TA Do you ever keap yourwindows closed In SUMMER for any of tha following reascne?
Mk o b= on asch el

Aways Usually Samatmas Raraly Nevar

O O O
Draughts
Naisa autshde

Sacuity (i=ar of
Iirudars gating )

Smeiis of 3r
palulian uidoars

Saving anargy

O O 0O O O O
O O O O O
O O O O O
O O O O O
O O 0O O O O

& COMFORT

£1. How would describs the typieal Iving condttions in your homs, In tanme of the overal

ek o bz o0 osech moele. which D ooreEmer | oyt

1 2 3 45 8 7

In WINTER? smstacory [ QO QOO0 umssestactory
in SUMMER? satstactory [ OO0 unsststactary

9. CONTROL OF ENVIRONMENT

A1 How much control 4o pou fesl you have over the following aspscts of your homs
anvirenment 7

Pk o Do oo ossch pople which DEr @oreEmEr U nbeecaess 1 et

5 7
OO am

O e
O =
1 e

1 2
Tamparature womeatan [ O

a 7
00 am

] en

1 2 3 4
Haating woeaial [ [ [ [

HOMS QUASTINa: WS JoHapsr, ESERE, UWIC Fage 10 af 12
Tal: 020 2020 1195
Email: johappanBUIc 30 Lk

Diracior of EBERE: DOr JL Liawood; Emaill: Jilawoodianic ac uk
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# e *
FUNIC
The Ecological Bullt Environmant Ressarch & Enrarprise group (EBERE)

1 2 3 4 5 8§ 7
Cooling voeaa O O0O0OQO O awm
1t 2 3 4 5 8 7
vantilation voeza (1O O0O0O0OQO am
1t 2 3 4 5 & 7
Natural light veeaa OO0 0O0O O A
1t 2 3 4 5 & 7
Lighting vz OO OOOONO awm
1t 2 3 4 5 & 7
Holss woeata (] OO0 0O0OQO am

10,15 THERE ANYTHING EL3SE YOU WOULD LIKE TO COMMENT ON ABOUT
LIVING IN YOUR HOME?

Thank you Tor taking the time to take part in this intanview swrvey guastionnaina.

Hama Cueslionnaira Ms b Hoppar, EBERE, UWIC Faga i1 of12
Tl 229 2020 1195

Ema; jahanpanEAmic 30 UK
Direcky of ESERE: O J. UMawood, Emall: [ewoddEuwic 30 K
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UWIC APPLICATION FOR ETHICS APPROVAL

All Principsl Investigators (P1) undertaking 3 research project which involves humsan paricipsnts
shold complete and sign this applcaton form.

The document Guidelines for obizining edthics approval gives full details of how to
complete this form and isavailable via the research papes ofthe UWIC website. You
should referto this document in order to avoid unnecessary delays with your
application.

As 3 P, you are responsible for exercising appropriste professionsl judgament in this review
and tor operating within UEL {and any School and protessonsl) guidsines in the condudct of the
study.

Participant recruitment or data collection must not commence wnti ethics clearance has besn
obtaned.

P TITRCTaT TIT ES T OO

SOpEVEN (T SIS PO | DT JONT Lo

REELEON -0 ) s e s ﬁ.UEI;F

Ty T TEE T PSR SR (T T Ty

P TRTTTITIE SR O RFTHIFTD

PTORCT T ETRETy STy T ETIENE 10 S e T poeT |

PART OME - ETHIC 5 REVIEW CHECKLIST
rmmmmﬁmr [ U L+]

If YES, you do not nesd to complete Pant Two of this form. Inst2ad, an applicstion for ethics
approval must be submitisd to e appropnate exemal MHS Hesagnch Ethics Commitiss.
Complete Decarstion A overlesfand foramrd 3 copy of your NH S application plus Pant One of
this form to your School Ethics Commiites for information.

ERL.Z:

Dipes your research fall endrely withinons of the following thes categorniss:

= [Paper-based, invehing only documents in the public domain

= Laboratory based, not invohing human participants or human tissue samples
{eg electronics, chemical analysis) Mo

= [Practice-bassd, not invalving human participants (29 exhibitions, curatorisl,
retlective analysis, prachioe swd)

It Yk, you do not nesd to compleis Fart 1wo otthis form. Insiesd, complete Ueclamhion B
owveriesf and send the completad form to your School Ethics Committss for information.

If O, you must complete Pant Twoof this form and submit youwr application {Part Cne and

Fart 1'wo) to your School Etecs Committes for consderaton.

Apndication for athics aoproval vid fune 2010 1
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UWIC APPLICATION FOR ETHICS APPROVAL
|

[ DECLARATIONA
T CONTINT That The INFOTMETIon ConEIned I This Jorm I5 COrec]

My research involves human participants and ERCT indicaies | mustobiain ethics clearance from
the appropriate external health suthority ethics committes.

Signatuwre of Principal Investigaiorn:

Liate: Chick |

[ DECLARATIONE
T CONTINT That The INFOTmETIon CONEIned I This Jorm 15 COrec]

My resaarch fals entirehywithin the categories described in ER'CZ and | do not nesd to take further
action to obtsin ethcs cleamnoe.

Signatwrs of Principal Investigator:

Llate: Chick ham toenter o dat=

i
]
1]
]
[

[FOR STUDENT FROJECTS GHLY
| confirm that| haversad and sgresd the information contained in this form
Fame of SUPENEOL. Llick her toenter mat Uane: LClick here Dentera date

SGRaTue of SUpErISor:

[ Tchool Research Ethics Committee use only

' Considered and supporied ' Considered and not supporied
[ame: Clck her= to=nt=r =t Uate: Click here bentera dat=
Application for athics anprovalvid fume 2040 2
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UWIC APPLICATION FOR ETHICS APPROVAL

IPART TWO - APPLICATION FOR ETHICS APFROVAL

MR STE O TSSO
B e R i =0 ZTIGTIS
TR By [ SppIeaE), | RV Egs Oy s SCnGETSnD FESS TSI Iy The |

C
Ewropean Social Fund through the Ewmpean Union's
Lomvengence progamme sdminstersd by the Welsh Government.

MO TESEE TS WOy | O JOnT DI woa oA, PO ST A e [CIBSE), |

[T =S, AT ST E ST Click here tozntzr =xt
besn given? holds details of the check™?
=] =] = 3 3 =l DaE. WU Iy01L

Signaturs of Principal Investigabor: "d g!

FOR STODERT FROJECT S FRLCY
| confirm that| haveread and agreed the information contained in this form

[ THTE OT SOPFENEOT U JOWN R el O3E. TWIF01L

_-". # _..?’.-".-'_.. . _.-'"'
Signaturs of Supenisor W

REeSearch EthICE CoOmmItEs USE anly
[T TEaC TR,

Project spproved I

FTOMECT SPEroVed In princpe |

LISHSIGn oeTenan I

FICJECT WO approved |

FIoect rejecie |

[+] Nence MUmDer Ck here to=nier =t
[ame: Tick here to=nt=r =at O3k Thid here ment=ra dat=
SR

T in cames wihere m CRE Chsck s Desn SOUETE IOy N exntenned onEanssTan, confinmation fram thet angsnsatom
Thet & satciuchary chsck hes Deen neospned Ensquined oy UWIC 5T spphoaton stags.

Appkication for athic approval vid jue 2010 2
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[A—PRUJECT ODETAICE

Al In order to give membes of the ethics commities some ides of the nature of your resaarch,
please answer the following guestions with regard to this project:

Will you take blood or tissue samples from parficipants? Mo
Will the study invole profonged or repetitive testing OTHER THAN repetiive traning

exarcises of 3 tyjpe which form part of the paricipants normal activiies (swch a5 "
athistics o muskctramnng)? °
Are drugs, plecebos or other substances (eg vitamins) o be sdmnisisrsdio "
participants? e
Could the study induce physiolegical or psycholegical stress or anxisty significanthy

grester than the participants are likely to expenience in thair dsily Ives? -
Dioes the study involve paricipants who are unableto giveinformed consent? Mo
Will the study invole childen?

{MB: Projectsin professional practics involving those undsr the age of 18 in a public "
place (in school of 3 stafutory seting) withthe relevant peErmission are exempt) @
|5 pain or more than mild discomfort likely to result from the stedy? Mo
Will financial inducements, ofher than reasonable expenses and compensation for time N
be offzred to particpants? °
Will decaption of paricipants tonscessary during the study ¥ Mo

P TR S T T T TR TRy AT Tty
= = = - — '= = 2= — == E
2020 and by 805 by 2050, using 1950 levek a5 3 bassline With over 2554 of UK carbon
SMESDNS resulbing trom ensgy LS& N homeas and over two thirds of ecsting homes expected o
still b= inus= n 2080, thers is an ungent reguremant to sddress the enangy Sficency of ssting
dwelings. Wakes has some otthe oldest and most energy instfoient dwslhings inthe UH. In
recognition of this, the Wakh Government instigated the Arbed funding schems in 2005, The aim
of Arbed isto mprvethe energy eficiency of the top 15 most deprived homes across Wales.
I e tunding was awardedto locsl Suthorties and housing Sssocishions scross VWakes to ensble
them to improve both publcally and privaely owned homes. One of the funding reguirements was
thatmontonng and svaleahon hadio be undetaksn to detemine how Sfectve the mprovemsent
Messures wars & reducing enangy uss, carbon emissions and fuel poverty. Howsver, there was
Imi=sd funding and no mathooology 52 out for these assessments. |0 ad ths ssus o be
sddressed, the doctorsl resesch project was daveloped nocollsborstion with Cosstal Housing
Growp {GHLE), 3 housng associston based in Swansea after they had won fundng through the
Arbed scheme. The main mathed of mprovement implementsd by CHG B tha of retrofiting
extzmal wall nsulahon {EW ) to pre- 1913 dwelings with sold sxisnor walls.
[ P VT N TS SIS, O N TS -

= a = =

=3l ko= U= = = =] o el
emesions and fusl poverty in pre-1213 solidwall dwellings. The objectives s out tomest the aim,
INCludE s55855Ing thecosi-Sectvenass of RInoiiting BV =lstve 1o Snengy Snd CErhon SaVings

i
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= ==l
=xETing :r.'.n=-II|r-;= that have received 1|'=- retrofited BWI; and evalbisting the methods is=d io
implement the rebroited VW to establsh what worked well andwhat diontwonk so well and
detemine the effects on costs and quslty of netallstion The outputs from the research project are
expecied tonciuds amethodology tor engaging with cocupants and stakeholdes 1o evalusis
domestc ratrofit projects; 3 mathodology for assessing the mplementston of retrofited EVM;
empircal data and recommendations relsted fo ratrofitting B through theWelsh Government's
Arped schame, whch could have mplcatons tor the UK ovemment s jorthcoming Gresn Uest
and pre-retrofit and post-ratroft domestic enangy us2 and cabon emesion benchmarks, repoted
a5 KWh sgmiyear and U0 sy miyesr, respeciwvely, for avangy o dwehing fypolopes and
occupancies for the geographical regon of Swansea, which doss nat cumently exist. The purpose
of thie applcaton s to edend ethcal approval tor gathenng daia from cocupants sbout ther homs
enangy use and behaviowr, before the ratrofited BW B instalied The sxisnsion & regquied dus to
the onginal approval being over TZmonths od and the reguiemeant fo make alerstions, bassd on
the experience gainsd from undensking the pravious sunveys (522 Saction A below for mors
detzis ) |he onginal he commiiies raterence numbsr 5: 18070871 Hopper.

&5 3 sunvay imteniaw or posted tothe oocupant IL:-a=--:.11-xl'=_~: dizgram}. The am -.':-fﬂ'=-
gueshionnars s 1o gaher data on: cocwpancy; building conhgurahon, energy use heahing and ha
water systems; lighting ventilstion, perceved comfor; and ccoupant behaviour wwards enargy 152
|5e= guestonnarstor mos ostaik ) VWhers necessany, cocupants wil 350 be asked pemesion 1o
contsct ther enangy suppler to obtain sctusl enegy we dats ths is dusto the high number of
occupants who have pre-paymentmsiars and thersfore do not know the actuesl ensngy us=in
K\, 35 dECOVERD When undsnakng the pravious suveys (se2 infomaton shest, conssnt fom
and guestionnaire formaore detsils). Floor area data will b= obtsined from CHG's stock moords.
Unce data s collected, dwill be entersd inbo 3 spreadshest to Sllow ensngy USS Snd carbon
EMESDNS persguaremeier, per year to be caleubted. This infomation will then be colbted into
dweling typolegies and COCUPSNCES o 3liow compansons 1o be made and mean usage
detemined ths wil form the pre-etrofit benchmark. Other iffomation gathered, such s periods
of the day when coccupants are & home and type of heshing system will then be ss5ess2d N
conjunction with enargy use dsta to Stempt to establsh any patterns in bw or kigh enagy se.

¥ an approesd Protoodl s one wihich s besn approved oy LNWIC T be uesd under pupsrasion of esEnabad
members of $oafl; & st of spproveed protocols n D found &t PMSERT LINK]

Apndication for athics aoproval vid fune 2010 3
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K 5 = . =
|:I:LI'|[I|:I-:1I'E .'.||II b=- =pandent on I'-::u.- ma’y res |:r:-r" and ages to take part.
. . o - —_—

3 = Tl o

k=3 = = o = = = = = = = =
infomation and, wherewilling, sither 3 muteslly convenient appontment will bemade toconduct
the sunvay inteniaw or the gueshonnars and Cones ponding documsents will be sent to the
oocupsnt {se= Atached diegram for mors detsils) The invitation Bterwil provide s brigf
descrniphion of e purpose of e mesearch, contact debaiks torthe 1 and 3 reply shp, whehwill be
scoompanied by afrespost raturn emvelope provided by CHG (522 attached invitstion leter for
mare d=tsis).

reference 18.01.02/11Hoppser.
R STIIENT PIOECTS Oy
What previous experience of research invohing human parficipants relevant to this project
D0ES YOUT SWPSTVISOT haves

of howsing 3ssocistions snd tenants intheir pH:IPEﬂE respectively and cocupsnis -:f prua1=-lg.-
owned holusss in collsborshon with Uoastal Housng Sroup, wheh have receved U5A0 ethes
spproval. Professor Andraw Geens, is 3 supenisor on thres ather KESS funded doctoral projects
at Uardif Mat, 3l ot whih have had sthcs applhications spprovedtor interviess 2001, Frotessor
Geonge Karani thethird supewisor for the project, has besninvolved in housing regensmtion
projects inCardif and supenesd 3 research degres nthearsa

infoimnes nf heoiv e thee: r1=-w|—:'.'.n is anticipatsd to tshe and ﬂ'=-.=.rr.=r ements will only b2 made 2
8 suitable tme that s convement tor them. Famcpants wil 350 be gven contact datais for the
researches sotha any arrangements can bechanged Fthetime & no bnger convenient. Whers
the guestionnanre s to be posted to the pamcpant, ths can be compleied 5t 3 tme that 5
comnvenient to them.

“HG willl accompany ﬂ'=- Flinfacetodacs m=-a||r; with res |::=-rl=

Appdioation for athics anproval v11 fue 2040 5
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C-CONSERT

- - - = =1 - = = =l =
study and 3 consent form to sign There are two types of consent foms attached to this sppicaion,
oine tor where the gueshionnaire & tilled in 35 & suvey e e and one torwhers the
Questionnare & posted to the paticipants. The consent fom to be sentwith postsl questionnaines
drtiers from the swney interview consent form, n tha these patcipants are providing consent to
taks pa1 in 1|'=-=1u:3- by f||||r" in 11'=- questionnaire

Protection Act 1 :.':.'5 In summary, 1|'=-=a enswe that personsl: a1a & processed lawfully and fairk
{1} and only forspecied purposes (£} | heyset oul nfomaionstandands wheh specihy the
amount of pesonad daa whichcan be held {3), tha i is accwate andkept up to date (4) and how
loneg € can be ratsnedfor ). [hay 350 52t oul the nghts of ndnadueas o), The minmum secunty
messures which must b2 n pecs [7) and advce for sending pesonal dsts outsde the European
sconomic ares (2.

b= keptcomplaehy separaely from the daa The P will |:-r-::|'.I ideconfirmation in the rf-:nrrna ioin
shest tha Esponsss will Eman complsly anonymaous ndihat no réberence tothe names of
Flanl:lp-:l.l'E will b= k=-|:l on amy reconds (s== stached information shest formaore detsils)

= = a2 = = = a
infomation whichwill be held about them and whe will have acocess io thEs infomation. All
ntommaion gathered 35 part of the progect, ndeding the signed consent foms and 3l other foms
complated by paticipants, will b= retzined by the P and stored in 3 secure kocation st Candiff
Metropolian University, slongwiith sl cther confidentsl inhom aton relabed io the HESS Fhi

project; scoessiblefor ins pection f required for & lesst ten yeas sfier the work B competed Mon

Apptication for athics approval vid Jume 2040
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MH: VWhen submithng yowr apphcabon, in Sddron o this torm yowr Schod Ethics Commitiss
wiill expect o 522 copies of the documantation you willus=s during your project Depanding
O Wt your project entails, this may inciue:

Participant information shest (Se= Saction C)

Participant consant form {See Secfion C)

Parents informationshest{See SectionC)

Parents consent fom (SesSection C)

Participsnt guestionnairs (Se= AB)

Heslth guestionnaire (5= B3)

Letter to the organisation st which research wil take placs

LI R T R R ]

Hater to the document [Fwdehnes for obtamng sthcs spproval torturther detals onwhich
documsents you shoukd provide and exemplar forms for your referencewhen compiling this
IO ation.

Appdiogtion for athic approval v11 jue 2010
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Appendix X: Post-retrofit Occupant Survey Full Questionnaire and Supporting
Documents

&

The Ecological Built Environment Research & Enerprise group (EBERE)

C-anoMT Sohond of Artand Design

Wiestzm Avenue
CSrotT CFS 2vE
T

Enargy afficlency Improvamants to exleting homas project

Participant information Shest
Cardif Matropoiitan University Ethic Committes Refarancs numbsr; 0102428-C

Daar = or Madam,

Ve would B2 1 Inea you 19 1EKa At In 3 resaarch project Nl ks IMvastigatng the anangy aflcancy of
aising homss In Swansaa, This ks 3 univarslty rasearch project and nol 3 commeandial or gaovammantal
sureay. The ragaarch ks baing undartakan by ha Ecokoqical Sulll Emvironmeant Resaarch & Emanrisa group
(EBERE} I Cardff Maropastan Univarsity and is bang funded by e wnivarsity, Caastal Housing Group
and e Ewagpean Soclal Fund Trough he Swgpean Uniams Camianganca pragramme adminisiarsd by e
Waizh Gavarnment.

V2 ara 3siing rasidants wiha have racaivad anargy affdancy Improvamanis from Codstal Housing Group
Frough ha Arbed SCNEmE 1o G TGN a0 how ey LSS anangy I el hames. I ard 1o da

iz wa woukd Wiz 1, Sihar condudl 3 faca-to-face Imandiaw survey by vESIENG yau In your hama 31 3 Bme
which Is canvaniant 1o you, or sand you 3 quastiannaire inthe post, 3kang Wilh 3 pre-paid retum ameslape.
Tha survay shousd tie approdmanaly 30 minuias and woukd graslly conribuna 1 knowiadga abot anangy
us2 In axisting hamas. This ks 3 vary Impariant aspact of our wark, 25 Rwill 3ssisius o massrs he
anviranmantal impacts of exisiing hames bafore and afiar e Imgrovamant massures are Instalad, which
(CoastEl Housing Group ars managing.

Your invohwemeant

in ardar 10 procaad, A ks impariant Mt you are claar about wial your parbcipation will invaive 50 Thal you ara
In 3 pasiton 10 maks an Wmonmad Jecisian 35 10 wheler yau ‘wish 10 15K2 parl This imnmaian shesd
accompanias e questonnaire and 3 cansaml frm. Whare e suresy quesBonnains ks comgisied Twough
an Imardaw, 3 cansant frm will naad fo be signad o parBaipaiz In ;e study. Whare e questiannains ks
sam 10 you by posl, you are proviing consan by NG In and reuing H 10 us. For Dol sunay matnods

{im=rviaw and postl), cansan ks raquast=d 1 provide pEMESSION T US 10 oontac! your anangy supplien(s) f
gamer furiher IfAmaion anodl your anangy Use ¥ e 12 monis befwe and aher e improveman

ma3suras are inslalsd. For oamar-OCCuUpiers, we are S50 35Eng yOU 10 consam 10 he oy area of your
hame baing mazswrad. All nacessary consants are owarad in 3 singla consanl. fanm.

Anonymity

VWa will ks 30 rassonatis S1E0E 10 Erasanva WOUr ananymity and wa will raspact your privacy 3 3l tmes.
WWhan producing prafact raports and o publicatons basad an B2 rasaarch, he data hal wa calac fram

your hame and fram imiendaws we canducl wiln you 'will be presamiad in an anamymeaus frm. This maans

mat wa Wil nol provica any ITEEmaEan Tl woukd posiivaly Kanily your MOma, YOu OF 3y Mambar of your
hausahaid,

WWa ara bound by T2 larms of e Dol Projacian ACl and, unisss you give your parmission, wa will nat
disciesa any Infrmation wa hoid aboul you @ your hausshaid 1 anyana outside e ESERE resaarch taam.
¥our data will b2 hald saowaly 3 e Univarsity and will b2 dosiroyad anar 10 yaars.

= o Eoucen. & [T = e (RS Grog
Oiracir of BESTR O John R Liteeeed  Bigenc Sy ofm gt e s
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@

The Ecological Built Environment Research & Enerprise group (EBERE)

Wnan we have fnishad T2 study and analysad T2 infrmatan, i he fems we use 1 gahe data will ba
g for 10 yaars sinca Wik ks 3 requiramant of anz of e Anding bodias for Tiks resaarch projacl

Withdrawal

Wa fully understand thal you may change your mind aboul baing Invaivad In e praject and wioukd razssura
¥ou 3l you are a2 fo wilhdraw am a project 3l any Bma. I you fas R nacassary fo withdraw, 3l
parsonal infrmation will ba destad and I requesied all resaarch data relaling %0 your hame will b daislad
E]

Furthar Information
H you have any quardss aboul e projact, or would B2 further Imrmaton betare making up your mind,
pa3se dort heslisia f0 contact maar ane of the taam 31 CardiT M strapalitan. Univarsity.

Jo Happer
Tal: (129 2020 1195

Emal: johappen Boardfimat 30 Uik
Schod of Arland Dasign

Cardit Matrapalian Univarsity

Tha EBERE Taam of Repsarchars

DrJonUtiesood  Sfewood@cardfimalacuk  Direckw of ESERE, Cardf Tal: (2920 418575
Matrapaiitan Urivarsity

Profssar 5arge QEarankE:cardimmat a3 uk Schodl of Haaiin Sclancas,  Ta 02320 415855
¥arani Candi M=irapaiian

Univansity
Jamn Counsa joarsE@cadimalac il SoNoEof Arand Design, T 02320 201555

Uritvanslty

= o Eoucen. & [T = e (RS Grog
Oiracir of BESTR O John R Liteeeed  Bigenc Sy ofm gt e s

120

Evaluating retrofitted external wall insulation



Appendix X: Post-retrofit Occupant Survey Full Questionnaire and Supporting
Documents

3
ik

The Ecological Buwilt Envronmeant Research & Encarprise qroup (EBERE)

CONSENT FORM

{POST-ARBED 1: INTERVIEWS

[Ethica Committes Refarance Numibar | 0102425
Participant nams or Stwdy 10 Humibsr

Titha of Projact Enargy siclancy Improwameanis 0 axising hamas prajac
Nama of Riasaarchar JaHoppar

PLEASE COMFPLETE THIS SECTION BEFORE THE INTERVIEW COMMENCE 5

Plaaes wirtts your Inftiale Ineach box and elgn and dats the dactaration balow:

1. lconfrm T3l | hava rasd and undarstand e imfrmation shesl daisd (D) fr ta
anova sudy. | have had e apporiunity 1o consider e Imlanmation, 3sk quastians
andnave had hese answired saBstacionly.

2 lunderstand Tt my parbcipation ks volumary and Tt | am fea owilhidraw 3 any
Bma, withoul giving any razsan, withoul my ralationship with Cardi M airgpaitan
University or Caastal Housing Groug, o my kagal rights, baing afiaciad.

3 lunderstand Wt raavant sacBons of any resaarch notes and data coliacied during
mastuly may ba lodad A by hosa CardiThistropaitan Univarsity ampioyass

i and maniking Tis resaarch and for 43t proacson. |

qiva parmission fr Maca INAvIousis 10 NIva 3CCS5S 10 My racords i tal purpasa.

4. lagrasio s par In s sy

5. lagrast my anargy suppiens) being comacied for mare infrmaton aboul my
anangy use, [ nacassany.

G lagrs=t e foor ar=a of my hams baing ma3sursd.

Wame Ao
“HgnIiws of pdogam T’

PostArbad 1: Mg Jo Hoppar, ESERE, CardiTatropaitan Univarsity OWNEr-QCougars:
Oooupams Tal: 120 2020 1196 imanviaw

Email: jahanpanBoardimal.ac I
Ciracky of ESERE: Dr J. LiBawood; Emall: [iesa0doardimalac i
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<o

The Ecolngical Bwilt Environmant Ressarch & Enrerpriss qroup (EBERE)

POST-ARBED 1 QUESTIONNAIRE

Dae

Buriay rEtEnancE

1. HOUSEHOLD DETAILS

1.1, Addrass:

Postcoda:

Dala of L351 survey:

1.2 Haeths numbsar of occupants in your homs changsd sinca the last survey?

Yes

[ N

Tyas, pagse spacily

1.3 'What pariods of the day ls your homs coceupled: pok o e e

a  During woskdays?

Maming O | wncmma O | an=maon O | evaung O | msgm O
b. Atweskende?
Manming O | wuncvema O | anamaon O | evawny O | megm O

2 IMPROVEMENT MEASURES

(ke il bt mopiy]

21, ‘What improvement measunss have besn fitbed to your homsa and wihan weare thay Installsd 7

Exiamal wall IsuLIsan [| s snotvaaic (2) panss [ | Soar 2ot waner panss O

Dt (MMY Yoo Dt (MMY Yoo Date (MMYY)o

OIS (e wpwct] O | maert snow O
D (MMYY)

Post-Arned 1: W= Jo Happar, ESERE, CardilMetrapalitan Uinivarsity Page1afd

Tal: (129 2020 119
Emall: johapperBoardfimal ac Uk

Diraciar of ESERE: Or J. Liliaaood; Emall: iilawoodcandifimal ac ik
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The Ecological Bwilt Environmant Research & Enmarpriss group (EBERE)

3. ENERGY USE

%1. How much and how oftan do you pay for ELECTRICITY In aach saascn sinca tha
Improvamant magesuras wana Inetallsd 7

Wiaskly

Monthiy

Quarbarty

Wintar

Spring

SLmimear

Autumn

£
£
£
£

M| | M |

How much sksctricity have you consumsd In tha tast 12 monthe?

(Pamrs refer bz oo bn oo abemaia)

52 Wiho hae baan your slectricity supplar Tor the past 24 monthe? (f you have had mars fan an2
supgiler, lazse sigie 3l of ham hare, @iong wilh e comesponding daies)

ﬁ?ﬂ%ﬁ“ﬂﬁ#ﬁuﬁm 3:}:;?311 ppdiar I we nesd to gat more Yag | ne ]
Cansant farm signed s ]| ma O

533 I you uss MAIN S GA S, how much and how often do you pay In aach saascn since the

Improvamant massuras wera inetalled 7
Wiy Monthiy @uartarty

Wintar £ £
Spring £ £
SLmimar £ ‘ £
Aurtumin £ £
How much malne gas have you consumad In the last 12 monthe? KWh
(Famrs refw bz oyoo D oo raiemeial
PastArped 1: M= JaHoppar, EBERE, Cardifl Metrapoliian Univarsity Aage2afd
Sooupams Tal: 29 2020 1135

Diracikar of EBERE: Dr J. L
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The Ecological Buwllt Environment Rasearch & Enarprise growp (EBERE)

G4 I you ues MAIN S GA S, wihe has baan your supplisr for the past 24 monthe? (fyou naes nad
mara ian one suppiler, plaase sigie 3l of ham hare, 3iong Wwilh 2 corraspanding daies)

Do you conssnt to ue contacting your supplier If we nesd to get more
information about your maine gas uesy e O | ne ]

Cansan fam signad Yag | ma O
1

35 Do you ues any OTHER FUEL{S) on 2 reguiar basle? sk m s moy o o = o 280
Sotbad G O |w=s O |o O | #ousa coa O
Waod O | omer miesse szecs O
How much and how often do you pay In aach sagscn since the Improvamsant measurss wears
Inetalied 7

Wiaskly Monthiy Guartarty
Winter E E
Spring £ £
E

Slmimer E E
Autwmn £ £

How much have you consumed In the laest 12 monthe?

Fimens rale bz oymor Din oo e

34 Do you spend more than 10% of your houeshold Income on slactrictty and haating for your
hoamea? THis can be warkiad oul Sfihar wasidy, maninly o yaarly dapsnding an how ofian yau pay
WOur Dils and racsiva your INCama
Mark ore b= ol

Yag O | M O | DTt naw O

{Cakculation, i raquirad)

PostArinad 12 Ms JoHaoppar, EBERE, Cardilf Metropaiitan University Pagedof |
Qooupants Tl 229 2020 1196
Emall: johapparEcardifimat 3C uik

Diracior of ESERE: Dr J. Uitawood; Emal: JitawoodBcardifimat ac uk
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The Ecoinqical BT ERArmnmant Ressarch & EnTepIss qroup (EBERE)

AT Do

u expariancs any financial difficutties with paying your housshodd utiity bille {e.g. Tor
ricity, gae, watar]? e e o=

AWaEys [ | weuany [0 | senetmas [ | Rarsly [ | Hewer O
58 Eince the last survsy, has your wes of anargy changsd Inany way? s o o= =y
Yas (]| na [] | oot ]
Ifyes, plasse speciy wiat has changsd and 2 reasons for he changs
35 Do you know what an enargy display montbor 157 e o s o
Yag [ | ma ] | oot now O
It yoe, 40 you think having 3 curmant energy consumption resding would help ypou reducs your
UBIPET (v o == =y
Yas | #a [ | oot inow U
It no, woukd you ks to find cut mors information about them?T peark ooe 5= o
ez [ | ma ] | oommmaw O

4. ROOM HEATING 5Y STEM

4.1. Hae your ropm haating system changed since the last surey? s e o= =i

Yag ]| ma ] | oomtimow O
ify=s, paase spadify

432 'What tamparatuns 40 you sst your rosm haating syetem at?
Wimar % | Summear | Comianow |
AostArpad 10 M= Jo Hoppar, EDERE, CardiTM=irgpolitan University Pagad ol 8
Qooupams Tl 029 2020 1195

Emall: johoppanEeandiimalac uk

Dirsclor of EBERE: Or J. Uitiewood, Emal: Jitiewood{oandiimat ac i
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5
i

The Ecological Buwilt Environmant Ressarch & Enierprise group (EBERE)

3. HOT WATER 5Y STEM

5:1. Hae your hot water syetem changed sinca the last suray? roak o == o

Yag O | e O | partmos O
Iyes, pazsa spactty

532 'What tamparsturs do you est your hot water syestam at?

\eiimiar | Summer | Domtmow O

6. LIGHTING

&1, Do you have snargy saving Nght bulke In your Bght THHINGET park e o= i

¥ag, 3l ] | v=s.sama [ | ma O | oot snow O
Wil peroantage
.................................. %

7. VENMTILATION

7:1. Hawe you noticsd any of the feliowing In aach of the roome leted 7
(e wi e ]

=" N

m Jwrr mwchar Pims o wmin’ fumiture, Mo nnﬁn'r;n' h‘:T“

waly' caling on ks oming ﬂ_' :m_' zze
Living roam O O O [l [l ]
Kichan O O U O O O
satroaT O O O O O O
Sadroom 1 O O O O O O
Sadroam 2 O O O O O O
Sadroom 3 [l [l O [l [l ]
Sadroam 4 O O O O O O
Post-Arbad 1: M Jo Happer, ESERE, Cardi Matrapaitan Univarsity Pagasaf
Ocoupans Tek: 029 2020 1196

Emall jahoppanECardimat 30 U

Diracir of EBERE: Dr J. Li=waod; Emal: il=swoddBoandifims 3C uk
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] 2
o= e .
o ki
e
——

The Ecoinical BT ERVIMDAMBENT Ressarch & ENIBMIse Qroup (EBERE)

T2 N you are able to, do you opan windows on both sides of the houes to provide through
LT 1] [ T ———

Aways Usually Samaimas Raraly Navar
O O O O O

& COMFORT

E1. How would describs the typical iving conditicne in your homs, In termis of the cvaral
Mk o b o anch o which baet egrersen joor et

1 2 3 4 5 8 7

NWINTER? unsasstacioy [ Q0 O] [ [ Ssestectry

In SUMMERT? unssistacioy O QO0O 0O 0O 0O =sestaciay

mcss: DMLY for homas that have had external wall Insutation Installed
82 Do you Teal that your homa la wammar sinca It has baan Insulated? puk o bz i

Yas O | Ma U | D inaw U

4. BEHAVIOUR

£.1. Whan you start to fesl cold In your homea, what Ia the firet thing you do? roek w s s
1. Pulan an exira layar of dofing, such 35 3 Jumpar? |
2. Pulthe heaing o fr2on? |
4 Omar{ag. pul 3 biankst aver you)? (Please spacily) O
£:2. During tha hasting esascn (wintar], 4o you: purs o o= =g
1. Lagve your haging on bow constanty? O
2. Swilchan your haging 3s and whan you nesd A7 O
1 Justiethe Bmerprogrammenanmostal canral when your hasing cameson and goss o [
4. Omar? (Fla3se specify) |
6.3, Do you evar laave your windows opsan at the same time as whan you have your haating on?
L
Yau O | Ma O | Dot knaw O
Past-Arbad 1 M$ Jo Hoppar, ESERE, CardiTMarapaitan Lnkvansity Paga 5 of &
Qooupams Tai: 129 2020 1196

Emall: janappenEoardimal 30 i
Direcky of ESERE: O J. Lilewood; Emal: JilawoodEoardiimalac ik
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The Ecolpqical BUIT Envvirormani Rasearch & Enterprise group (EBERE)

4. Whan you tum off slectrical sgquipmant, do you: meas o o= o

Lagva mam an sEndoy? [ | useme man onolt swnch? O

SaTich TIam aff 3 ha wan? ] | omerr O

.5 Whan you ues your lights, do you ewitch tham off whan you laaws 3 FoDmT peark o o= o)

Always Usuaiy Somatmas Rardly Navar

O O O O O

L

2.5 If you have a mobdle phons, do you unplug tha chargar whan It finlshes charging?

Pk o o @iy

Always Usuaily Somatmas Raraly Navar

] ] ] ]

BT I you have 3 kattle, whean you uss i, you 907 meark o o= =

L

1. Oy put snough walar In e whal you nead aach Bma? O
2 Pulmorswatar Infhan you nesd aach Bma? O
3. FWFnAgh upiode top? O

2. In the WINTER, whan the sun ls shining into a room, do you ksep the curtaine or blinds opsn?

(iarie o e oy

Always Usuaily Somatmas Raraly Navar

O O O O O

£.0. 'With the previcus nins quastions In mind, has your attttuds andior behaviour towands anangy

usa changed as aresult of the Improvamant maasurss that have bean cammed cut on your homsa?
(Mark: o b= enly]

g | =a O | comtenow |

Hyas, passe specily

Post-Arbad 1: Ms Jo Hoppar, EBERE, CardiiT Mairopaiitan Univarsity Paga 7ol 8
Cooupams Tai: @29 2020 1195
Bmail: janoppen@oandifimss1.ac Uk

Direcior of EBERE: Or J. Uiewood, Emal: Jitlewood{boardifimat ac i
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o
-_ﬂ::’

The Ecoinipical BT ERNDRMBENT Research & ERIATISE Qroup (EBERE)

moss: DMLY Tor homas that have had extemal wall insulation Inetalisd

Somson (wikia) Snos naving the aXemal wall INeuton ISLAIER? cren e s o
Yag ]| ma O | comtmow O
It yae, Wiy 18 thIET peak e mos

1. Becauss Mis =3sier 10 40 50 O

2. Becauss you mesd 0 for MeS ressans. O

3. Becauss M doss nol costany maors Tan betors T2 Insuiaion wias Instalisd, O

4. Because you Me i warmar bul coukdm afford T bafore you had the Insulation nstallad. O

5 oiharrazson, please specily |
IF o, Wiy 18 thE? s mt e moc

1. Bacausa you ara Tying WSave Maney On your haging o O

2 Bacausa Mdoss not faad 35 ook NSkon (avan whan 12 aviamal lamparaiea ks parsoulany low). [

3 Ofharrazson, passa specty O

10015 THERE ANYTHING ELSE YOU WOULD LIKE TO COMMENT ON ABOUT

LIVING IN ¥OUR HOME SINCE IT HAS BEEN IMPROVED?

Thank you Tor taking tha tims to taks part in this swreey.

Post-Arbad 1 Ms Jo Hoppar, EBERE, Cardiff Matrapaitan Univarsity Pagadaf 3
Ocoupants Tal: (129 2020 1196
Email: jahoppanCardiimeat ac Ui

Direciar of ESERE: Dr J. LiBawood; Small: jiiiewaodcandifimsac uic
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Appendix Xl: Post-retrofit Occupant Survey Short (Postal)

Questionnaire and Supporting Documents
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Supporting Documents

{CHG Logo)

{Oooupant addras:)

(Date)
Dhazr (Iiama),

Furthar to the improvement messurss instsllad at vour homs last vear, through the Walsh
Govammeant's Arbed schemea, Candiff hlstropolitm Undversity iz wodking with Coastal Housing
Group to gather information about the inmpact the inpoovements havs had on vour snarey
consumption. In oodar fivg we to do thiz, we a2 conducting 3 shodt survey, which is snclosed withthi=
l=ttar. Pleaza could vou spare soms time to azzistus with gathering this valuabls information?

Plzaza find anclossd:

* A partcpantinformston sheet — thiz provides vowwith forther information shout the
study and iz fof vou to kesp fof vour records. Plaass taks the time to read thiz bafor vou fill
in the guestionnsise and don't hesitate to contact me if you have any guestions.

# Twoconsent forms — the ons entitlad “Consant Foem — Copy” i= fof vou 1o kasp for vour
f=coqds. Fof the ons entitlad "ConzsntFoom', pleaz= cam vou indtial the boxas, print vow
nama =g and date at the bottom | and retem it slong with the guestimnaiss.

* A questionnaire, sntiflad ‘Post-Arbed 1 Quesstiomairs (Shod)’ — pleass can vou answeras
many of the guastions 2= vou can. Plaass f2a] fres to contact ma, should vou have any
guastion: of nead any asistance.

» A pre-paid retum envelope — plassa 2 thiz to retem the guestimnnairs and conzant form

Thenk: vou in anticipation of vou conmplatng the gusstiiomasirs and I look forwad to hearing from
wou. Yourcontributioniz greafly appreciatad.

Yours sincarsly

JorHobber

iz Jo Hopper
Candi ff I I=tropolitan Undvarsity

ToHopper| T. 02020201196 ; M. 07026 537644, E. johopper@cardifmat ac. uk
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o

The Ecological Built Environment Research & En®rprise group (EBERE)

Caroir Schood of Artand Deskgn
Western Avenue
Caroit CFS 2YE

(T

Enargy sfficlency Improvemants to exieting homeas project

Participant information Shast
Cardiff Matropoittan Univereity Ethic Committes Refansncs numbsr: 0102128-C

Daar 5 o Madam,

Ve wauld Wiz g Imiiz you fo ke par In 3 resaarch project That ks ImvesBigaiing e anargy aflidency of
=ising homss In Swans=a. This ks 3 univarsily ressarch profecl and not 3 commeardial o govammanal
sureay. Tha rasaarch Is bang undariakan by ®i2 Scalagical Sull Smironmant Recarch & Smarprisa group
(ESERE) 3t Cardfl Mairapalitan Univarsiy and s baing fundad by e wivarsity, Coastdl Housing Group
M T2 Ewgpaan Sodal Fund Trough Te Ewopaan UMTs Comvanganca ogramima adminisirad by me
Wisksh Sovamment.

W ara 3siing rasidents wiho have racaivad enargy Sfclancy Improvamants fram Co3stal Housing Group
fhrough the Aribed schame fo canribuie infonmaatian abaul how' ey use anangy In halr hamas. In andar o da

s w2 ara raquasting that you I 3 SHor qUASTONNANS and Kl 110 Us I the Era-pad ram anvaiopa.
The sunvay shoukd e apprasimatsly 30 minuizs and wiauld graglly contribui2 1 kKnowiadga abat anangy
w52 In axising hameas. TS ks 2 wary Impariant 3spact of our wiork, 35 R will 3ssist us 1 maaswe e
anranmanl impacts of axising hames bafra and ahar ha IMgravamant massurss ara instaiad, which

Coastdl Housing Groug are managing.

Your Invohvament
In andar 10 procaad, M ks IMponan Tat you ane ciaar aboul winal your parscnanon will imaiva 50 Tal you ana
In 3 position fo maks an imomad decisian 3s o whether you 'wish 1o 1ake parl This imfonmatian shead
accampanias e quasionnaire and 3 consan fom. Sy Sling In e questannains you are providing consant
T Ous 10 use Me MMNMaEsan you dischasa. TS consant fanm ks 10 raquest panmission f LS 1 contact your
anargy supplar(s) to gahar furinar imormation aboul your anargy usa for M 12 mantns bajora and afr e
ma3zrss are Instaled. For oane-ocouplans, we are Sis0 3sing you 10 comssni o e foor
ansa of your hama baing maasurad. Al nacsssary consants arsoovanad bn a singls consant fanm.

Anonymity

Wiz will t3ks 3l ressonatis siape f0 presanva wour anonymity and we wil respecl your privacy At 3l tmes.
Whan producing project raports and ofer pubiications based an e research, e data tal wa callect fram
Yo hama and fram |e questonnaires will b2 presamad I an anaTymouUs TEm. This maans i wa will nal

[ravide any Mmrmatan Al would pasitvaly Iy your hOmS, YU OF 3Ny mambe of your housshaid,
VWa ara bound by The t=rms of e DaE Protecion Al and, umisss you give your parmission, wi will nat

disciasa any Infrmaban wa haid aboul you o your housshaid do anyane autside a ESERE resaanch faam.
Your data will b2 ekd sacuraly 3l ha Univarsity and will b2 destrayad anar 10 yars.

VWhan wa hava fnishad e stidy and andiysed e Infarmatan, @l B2 fmS WS US3 11 gaher dat will be
i3 fr 10 yaars sino= Tis bs 3 raquiramant of ans of e funding bodiss fr This resaarch projecl

o El [ it e (el S
Drachr of REETR. O Jon B Libeeosd Eigeood o o gt me s
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. 3

o

The Ecological Built Environment Research & Enerprise group (EBERE)

Wa fully undarstand Mal you may changa your mind anmi bang Mmeaead I a projact and waould rasssura
yOU Tl you ara faa b0 wilthdraw from e projact 3 any Bme.  you foa i necacsary to withdraw, Al
parsanal informatian will ba detad and M raquestad 3 resaarch data rafaing to your hame will ba detad
k.

Furthear infommeation
If you have any quardes aboul The profect, or would Bie frher Infematan befwe madng up your mind,
paasa 3 hasiEia 10 Contact me or ana of Ta 1am 31 CardiT Matrapaitan. Linivarsity.

Jo Hopper
Tal: (020 2020 1196

Emal johappan o animeat 3 Ui
Schodl of Arland Deasign

CardifT Metrapalitan Unkvarsity

The EBERE Taam of Resaarchars
Or Jomn Uitlowood  iowoodcrdifimalacue  Diraciw FESSRE, Cardfl Tl 02020 415675
Matrapaitan Linfvarsity

Probesr Garge gRarankcardifimelac ik Schodl of Haalln Sdances,  Tek 02920 415855
waran CardifT Matrapaiitan

Uiritvarsity
Jdihn Counsal joumssl@cardfimelacuk Schodlof Artand Dasign, T 02320 201565

Univershly

= o ‘BhuseEn. [ Bk L = (R Grous
Drecior of IR Or Jon B RS g o ol gt g s
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4
T

The Ecological Bl Envirpnmeant Ressarch & Enerprise group (EBERE)

CONSENT FORM

{POST-ARBED 1: TO CONTACT ENERGY SUFFLIER

Ethics Committes Refarancs Numbsar | 01024250
Participant nama or Study I Humibsr
Titla of Projact Enargy sfidancy Impravamans 1o edsing hamsas projec
Hama of Rasaarchear JaHagpar

FLEASE COMPLETETHIS SECTION TO GIVE PERMIS5I0N FOR YOUR ENERGY
SUPFLIER TOBE CONTACTED

Piaass wirits your inttiale Insach boxand sign and date the declaration below:

1. |comiom tat | have read and undarstand e Infarmatian shest daied (D) fr te
above study. | hava had he opparunity 1o canshdar The Infrmaion, 2sk quESEanS
and hava had Mase answarad satetaciorly.

2 lundarstand MEl my parbonanan ks wauntary and M | am el wihdraw 31 any
Bma, Wit qiving 3y razsan, wWilnau my raasanshin with Candi Mairapoitan
Univarsity or Coastal Housing Group, o miy kagal rights, being afieciad.

3 lunderstand Tt refevam saclons of any rasaarch nolss and data callacted during
™2 study may b2 fodkad 2t by hasa CardiT Matropalitan U amgiayass

ior and maritoring Tis resaarch and for dats protactian. |

ghva parmiission for thasa Indhvidusis 10 ave 3C026s 10 My raconds for Thal purposa.

4. lagreato my enangy supplans) baing cantacied for mare Infrmation aboul my
anargy use, [fnacsssarny.

PostArbad 1: M5 J0 Happar, ESERE, Cardiff Matropaitan Univarsity Tanants:
Ooougans Tal: 020 2020 1196 Postdl
Emall: jahappanboandifimat 30 Ui

Diraciar of ESERE: Dr J. Lilawood; Emall: iiiawaodcardifimalac uic
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i

.
LT

=y

The Ecolngical Buwilt Environment Rasearch & Enrerprise qroup (EBERE)

POST-ARBED 1 QUESTIONNAIRE s

Dal= Survay N
1. HOU SEHOLD DETAILS

1.1, Address:
Postooda:
12, TENUMS, powrk oo = oy
Cwnar ocougiad (] | mamad (Social landiard) [ | memad (Privaiz iandiord) O

1.3, Hew many psopls normally ive in your homs within tha foliowing ags groups?
Undar 5years o 15— 85 yaars

5—17 yaars Orvar 65 yaars

1.4. What pariode of the day Is your homs ocoupled: park w e wo)
4 During weskdays?

Marning = [ | an=momn [ | sv=wng 1 | sagen Il
b. Atweskands?

Maming O | wunchima O | anemoan O | evemng O | wsgm O

2. PROPERTY DETAILS

21 'What typs of homa 4o pou IV INT ek cne == =iy

Datachad [ | semi-detacnad

O
End-tarracs O s= [ | omer miesse spaci O

22 'What typs of sxtemnal walls dose your homs RavaT sk o e ey

Sand O |-::a-.11;.- O | Temibar frama |:|| T oW O
Post-Arbad 1: M3 Jo Hoppsr, EBERE, Cardit Matrapaitan Univarslty Pageiaf 4
ocoupans Tai (123 2020 1196

g Email: johappenoandiimal ac Ui

Direcior of ESERE: Or J. Lilawood; Emall: iiewoodoardifimatac uk
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r

o

The Ecological Bwilt Environment Ressarch & Enerprise group (EBERE)

3. IMPROVEMENT MEASURES

1. What Improvamsant messurss have bean fitbed to youwr homs and whean wana they Ingtalisd 7
arkc ml th o]
Exviamal wall nsulaian []| Sotar Protavaitsic (P pansis [ | Salar Hot Water pansis O
i EELTITE o S = ST TE o S i EELTITE S
AN e apwcry) O | oot snow [l
DaaMMYY)

4. ENERGY USE

4.1. How much and how often did you pay for ELECTRICITY In aach sa3ecn PRIOR to the
magsurss baing Ingtaliad 7

Waakly Monthiy @uearbarty
Winter £ E
Spring £ £
Slmimar £ t £
SAubwmn £ £
How much slectricity did you consume during thess 12 monthe? kWh

(FmEDe reter b3 T SRR o EabeTan)

42 How much and how often 4o you pay for ELECTRICITY In aach esason SINCE the
massurss wars inetaliad 7

Waakly Menthiy Quearbarty
‘Wintar £ £
Spring £ £
Sl £ t £
Aubumin £ £
How much slectrichy have you consumed during thees 12 monthe? EWh

Fleezs refw bz oymer Sl oo sosbwmaeia)

4.3 'Who has basn your slectricity supplisr for the past 24 monthe? (i you havs had marz fan ans
suppllar, ghagza stz all of ham hara, Fang with 12 comaspanding daias)

TCUESEan COME] Qvaria)

PostAroad 1: W Jo Hoppar, E5ERE, Cardi Matropaitan Univarsiy Page2of £
Dooupans Talk: (29 2020 1195
S Emaill: jahappanoandifimat ac ik

Dirackyr of EBERE: D J. Liawaod; Emall: i=wo00Eoardimmesa 30 uk
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The Ecoleqical Bullt Ervvironmant Research & Enrerprise qroup (EBERE]

Do you conesnt to ue contacting your supplisr f we nesd to gst mors
Information about your slectricty uess? Yae [ | we [l
Cansam fwrm signad e [] | na ]

44 I you usa MAINS G& S, how much and how often did you pay in sach saascn during the 12
monthe PRIOR to the Improvamant measures belng Inetalad 7

‘Wiaskly Monthiy Quartarty
Winter E E
Spring £ . £
SLmimar E E
Autumn £ £
How much malne gas did you coneums during thees 12 monthe? KWh

(Fiaxrs refer bz oyoor b oo et

45 I you uss MAIN S GA S, how much and how oftan do you pay In aach ssascn in tha 12 monthe
SINCE the Improvamant measurss wers Inetalled 7

‘Wiaskly Monthiy Quartarty
Wintar £ £
Spring £ £
Surmamar £ £ £
Aurtumin £ £
How much malne gas have you consumed during thees 12 monthe? KWh

(PR AW LTSS S T

45 I you uso maing gas, who has besn your supplisr for the past 24 monthe? (i you have had
mare ian one suppiler, piagse stais all of Mam hare, along with e comesponding daies)

Do you consant to ue contactin ur suppdiar if wa nasd to gat more
infarmation about your rna]naggsq}u T ! ae [ [ we ]

Consam form signad Yo | »a |

AT, D‘l}}"ﬂ'u e any QOTHER FUEH-&' ‘I}I'I-EI'WUH.I' DaBlET pows w vt mopy o go booeEmion A0 F mppecesa)

Boflad Gas O == O | O | Housacoa O
Wiood D Onar (pieage specit]) I:l
Post-Arbad 1: W Jo Hoppar, ESERE, Cardi Matropoian Univarsity Pagadal 4
Ooougants Tai: 029 2020 1195

Short: Emal :.-ﬂmgﬂ'ﬂm-ﬂ&:.J(

Direciy of ESERE: D J. LMBawood, Emall: [ewodd@oardimatac u
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The Ecological Euilt Endronment Ressarch & Entarprise group (EBEERE)

48 How much of thees OTHER FUEL| %) did you consuma during the 12 monthe PRIOR to the
Improvamant massuras bsing Installsd ¥

43, How much of thees OTHER FUEL] 3] have you coneuwmsed during tha 12 monthe SINCE the
Improvamant maaesuras wana inetallsd 7

3. COMFORT AND BEEHAVIOUR

scen: OHLY Tor dwsllings that have had extamal wall insulstion fitad

51. Do you Tesl that your homs le warmer sinca It has baan insulated ¥ rak o o= o
g | | Ma [ | comtenow |
52 Hawsyou Incrazesd theaintemnal temparatuns that you hmpagur hms at during the hesting
paapon |wintar) since having the extamal wall insulstion Inetalled 7 ek o o= =
a8 O [ wa O | camtmnow O
I pae, Wiy 18 tIET par w s mooi
1. Secausa M a3k 10 dosa ]
2 Becauss you ne=d 1o hasin redsons. O
3. Becauss Mdoss not Costany mars Man befrs Te msulEton was Instalad. O
4 Because you M2 Hwanmar bl coukdm afford 42 befare you had e insulstian instaliad. O
5 Omerrazsn, pleasa speally |
I e, wiy 1e this? paee m et mooi
1. Bacause you are rying 10 s3ve mangy an yowr hasing ol |
2. Bacause Mdoss not faad 35 cokd Inskda (avan whan e aviamal emparaturs s parbouary kow). [
1 Ofer razsan, mladse spedlly O
Thank you for taking the tims to taks part in this suresy.
Past-Aripad 1: Ms o Hoppar, EBERE, Cardiif Matropalifan Univarsity Magadaf 4
Sooupams Tal: 29 2020 1195
St Email: johappsnEoardiftnel ac Uk

Diractor of ESERE: Dv J. Lifiawood; Emall: [itawoodfheardifimal ac uk
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Appendix XllI: Post-retrofit Occupant Survey Ethics Application
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Appendix XllI: Post-retrofit Occupant Survey Ethics Application

UWIC APPLICATION FOR ETHICS APPROVAL

All Principsl Investigators (Fl) undartaking 3 ressanch project which involes human participants
should complete and sign this applcabon form.

The document Guidelines for obizining ethics approval gives full details of how to
complete this form and isavailable via the research pages ofthe UWIC website. You
shiould referto this document in order to avoid unnecessany delays with your
application.

As 3P, you sre responsible for exercising sppropriste professions| judgemeant in this review
and tor operating within UL | and any School and protessional) gudaines in the conduct of the
shudy.

Participant recruitment or data collection must not commence wnti ethics clzarance has besn
obtaned.

TR TS T To O

SOV (T SR Ry DT 0T I

[T, Ll BT Tl OF H'ITI:I'Er;r

Ty OT TESSaTTheT PSSO SO {50 TSaCTTg]

M TORTETTITIE SR O TFTTFTD

M TORECT T ETRET STy T v TN T S BT TR |

PART OME - ETHIC 5 REVIEW CHECKLIST
rmmmmmmr [ P [+]

IfYES, you do not nesd to complets Pant Two of this form. Insi=sd, an application for athics
approval must be submitied to e sppropnate extenal NHS Hesesrch Etcs Commitiss.
Complete Dedaration A overleaf and forsard 3 copy of vour NHS application plus Part Cne of
this form to your School Ethics Commitize for information.

ERL &

Dizes your researnch fallen drely within one of the following thee categornies:

= [Paper-based, invohving onhy documents in the publc domain

= Laborstory based, not invohing human paricipsnts or human tissue samples
{2g electronics, chamical anahysis) Mo

= [Practice-basad, not invotving human participants (=g exhibitions, curatoris,
retlectve analysis, prachice awd)

It YE5, you do not need to compleie Part 1wo ot this form. Insiesd, compleie Ueclamton B
oweriesf and sand the compieted form to your School Ethics Committes for information.

If NG, you must complete Part Twoof this form and submit vour application {Part One and

Fart "o 1o your Sl ETcs L omimittes hor Sons Keraton.

Appkication for athic approval vid jue 2010 1
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UWIC APPLICATION FOR ETHICS APFPROVAL

[DECLARATIONA

T ConTinm That The INFeTmaTion ConEIn=a in TS TN 15 Conkes

My research involves humsn participsnts and ERC1 indicates | mustobtain ethics clearancs from
the appropriste external haslth suthority ethics committes.

Signature of Principal Investgaior:

Liate: Chick here to=nt=ra dat=

[ DECLARATIOHNE

T Confirm That the INfermation ConEIned in This 100 15 GOl

My research fals enfirehy within thecategornies described in ERCZ and | do not nesd to take further
action to obtain ethics cleamnce.

Signatuwre of Principal Investgator:

Liate: Chick here to=ni=ra

[FUR STUDERT PFROJECTS ORLY
| confirm that| haveread and sagresd the information contained in this form

Name of SUPENVEDE Click hem to=nter =t O3 Tlidher= men

SHJNATUNE OF SLPEVISor:

[ Tchool Research Ethics L ommittes use only

' Considerad and supporied ' Considersd and not suppored
Name: Cick hers to =nt=r =t Date: Chick hers ment=ra dat=
Apndioation for athic approvalvil fjue 2010 Fy
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UWIC APPLICATION FOR ETHICS APPROVAL

IPART TWO - APPLICATION FOR ETHICS APPROVAL

EXpECTET S U aE. [RFR
[ FpETCeITTaTe L ST B TGS
Ewropean Social Fund through the Ewmpean Union's
Lomengence progamme saminstersd by the Wielsh Government.
TR TES ST ea TS WORI | T IO CIEwas [ooal), FIaS S ol Canlgs FaTan oo =),
on the project John Counsell {C5AD)
E—— MR |FI-:|
TT Vs, AT ClganE T Click ham tosntsr fmat
be=sn given? holds detsils of the cheok™
OECTARATIIN
ETIE =T = 5 =T DaE Tl herz Cent=ra da=
Signatuwre of Principal Investigator:
FOR STODERT FROJECTS FRLCY
| confirm that| haveresd and agresd the information contsined in this form
Fame of SUPENVEOL. Llick hem= toenter =at DaE Tl hers Cent=r a dat=
A= = I.
REeSearch EthICE CoOmmItEs USE anly
ELSE S = e e -
Project approved 1
FICjeCT APRIoVed I princpe I
LISCISIoN aeTemen |
FIOECT N0t Spproven I
Froject Igectea |
o NENCE MAMeET. Lick hare toent=r =xt
Fame: CTick her= ta =ni=r =t O3 Click hers Dent=ra dat=
SRS

' In cases wihare = CRE chack hex been sourht by an extennal onganisaSan, confinmation from that anganzaton
that & sytsiuctary Check s been reosnned snsquinsd iy UWIC 2T applicyson stags.

Apptication for athics approval vid Jue 2040 2
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UWIC APPLICATION FOR ETHICS APPROVAL
|

[A—PFRUJECT DETAICE

A1 I order to give members ofthe ethics committes some idea of the natwre of yowr research,
plesse answer the following guestions with regard to this project:

Will you take blood or tissue samples from parficipants? Mo
Will the study invohe prolonged or repetitive testing OTHER THAMN repetitive training

exarcises of 3 type which form part of the paricipants normal activiies {swch as "
athietics or musciranng)” o
Are drugs, placebos or other substsnoes (29 vimins)to be sdministeradto N
participants? o
Could the study indwcs physiclegical or psychological stress or anxiety significantly

grester than the participants are likely to expenence in thair daily Ies? -
Dipe=s the study invahve participants who are unableto giveinformed consent? Mo
Will the stwdy inwohee childen?

{MB: Projectsin professional practice invohving those undsr the age of 15 in 3 public "
plzce {in school or 3 statstony seting) withthe relevant permission are exsmppt) e
|5 pain or mors than mild discomor likehy to result from the study™ Mo
Will financisl inducemeants, other than ressonable expensas and compansaton for tme N
be offersd 1o participants ? o
Will d=caption of paricipants tonecessary during the study? Mo

M ETRETTy RS TR TN TR TRy T [T

= = = L= " ‘:I.:_ = =t el
2020 and by 30% by 2050, wsing 1530 levek as 3 bassline With over 25% of UK carbon
SMESDNS rasulbing trom ensgy ISS N NOMES 3nd owsl o thirds of Ststing homsas expected o
still b2 in =2 in 2050, thers is an urgent regurementto address the ensngy Sficency of ssting
awelings. Waks has some ofthe oldest and most energy insfocien dwaings nithe UK. In
recogniion of thi, the Wekh Government instigated the Arbed funding scheme in 2008, The aim
of Arbed is 1o mprovethe ensrgy efficiency of the top 15% most deprived homes soross Wales,
I funding was 2wardedto locsl SUWnories and RoUSIng 3550CI0Ns oross WWakes 1o enable
them to improve both publcally and privatzhy owned homes. One of the funding reguirements was
that montonng and evaluahon hadio be undenaken to debemine how Sfective the mprovement
measures were & reducing ensngy use, carbon emissions and fuel poveny. However, thers was
imbed tunding 2nd no mathodology 52 out for these 355essments. |0 3d ths BSUS 10 be
sddrassed, the doctorsl resesrch projectwas developed incollsboration with Cosstal Housing
Lsroup |UH), 3 housng 3550ci3ton besed in Swanses, sfter they had won tundang through the
Arbed schame. A further housing association based n Swanses, Family Housing AssocEtion
|FHA), 30 won fundng through the Arped Schame and Ras provided c352 SIudies tor the msearch
project to sllow theair reguired data to be collected. Whilst renawable enegy systems, such as solar
photovolac and solar hat waer paneks were nstalled, the manmethod of mprovement
implemented by CHG and FHA was that of rardfitted evernal wall insulation (B ) to pre-1515
awelings with sohd exienor wals.

Apptication for athics approval vid Jue 2040
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UWIC APPLICATION FOR ETHICS APFROVAL

emesions and fusl povery in pre—1 £ o) Sﬂh:l wall derdlings. The nbﬂn Wes 52 out tomes the am,
INCIBdE 35525510 the cosl-Siecivansss of BInsiiting BV =Istve o 2nengy 3nd caroon saings
and alevisting fusl poverty, scaminingthe effects of cccupant behaviour on the enegy Sfcisncy of
ex5ling dwelings that have recened the rebrohiied BV, and evaliatng the methods wsed o
implement the ratrofited BEW fo establsh what worked well andwhat didn't work so well and
detemine the =ffects on costs and gualiy of nstallstion. The cutputs from the reseach project ars
EXpEciEd 10 INCILGE 3 Metodolegy 1or SngagIng with cocupants and stakeholies 10 evaluss
domestic retrofit projects; a mathedology for assessing the mplementation of retrofited EVA;
empircal s and recommendatons relsed o ratrotiting £V through the Welsh Govermments
Arbed scheme, which could have imploations for the UK Governmeant’s forthcoming Grean Deat
and pre-retrott and post-ranght domeshic enangy LSS and Cahon emESIon benchm aks, reponed
a5 kWhisgméyear and 0O sg mirear, respectively, for avarnigy o dweling typolegss and
CCCURENCIES Tor the gecgraphcal ragjon of Swanssa, wheh d0es not cumently st |he purpose
of ths appleation & to obtain athical spproval to gather data from ooccupants about their home,
energy U5 3nd behaviourn, 1£ manths after the ratrobied W was instalisd

18.01.0Z 1 1 Hq:n|:er} dstacollection nvolies the Lsenfa{ful} questionnaire, dalebpa:l bry the P,
wheh will ther be used 35 3 SUNSY NiSV IS of posted o the ccoupant. [he 3m ot the {ful)
guestionnars & to gaher data for exampk on changes in cocupancy, ensngy us= hesting and hot
WEIET §ySIEM S 3nd bensvour |22 Tull QuesTionnaire for mors =35 ). | 0INGEsSE the gquanty of
data collected for the research, the Pl has also developed 3 shor guestionnairs to post to
occupants of Arbed | dwellings tha did nat take part inthe pe-Arbed | suvays. The aim of this
Queshionnars & 1o gaEner das tor eXampE on COCUPSNCY 3nd Ensrgy LSe betore and afher
improvement messures were nstalled 522 shont gusstionnars for mors detsils). For bath
Queshionnarss, cocupants will 350 be asked pemsson 1o contact ther enegy suppherto obtan
sciusl energy use dats the & dus to the high number of cocupants who have pe-payment meaisrs
and therstors do ot know ther acteal enengy use in KVWh's, 35 dscoversd when undertsing the
initizl pre-Arbed | surveys (ses infom ation shest, consent fom and guestionnsiss for mars
detzis ). For dwelings owned by the housng Sssociabons, thoor ares dats will b2 obtzined trom
their stock records . For dwellings tha are owner-cccupied, partcipants will b2 asked pemssion to
messure the tioor 3rea of ther homse, ether & thetime o the sunvey Menew or & 3 mubualy
comenien time, wher a postsl questionnaire is sed (522 example oaner-cccupier consent fom
and rephy shp for more detzils ) Unce dats 5 coliected, ¢ will b enbered inbo 3 spreadshest and
enangy s snd carbon emissions per sgusre mater, peryesrwill b2 cabulzed Thi informsation

* an Approwed Protoool ks one which fes been spproved oy URWIC ta be used under supsndsion of desimrated
mambers of staft = list of sporoved protocols can be found &t IMSERT LIKNE]

Application for athics approval vid fue 2040 3
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= = = a = alld =] = =

mean usage dgtemined ths willconiribwiz to the fomaton of the energy ws= benchmarks. Other
intommaion gatharsd, such 35 penods of the 43y whan cocupsnts ars 3 home and typs of hasting
system will then be assessed in conjunction with enengy use dafa to atemptto establsh any
patierns in low or high energy use

d that have besn

will be sent to 3ll cccupants that did not tske part in the pre-Arbed | sunvey an
wenthied by UHi3 and FHA &5 pat of ther Arbed tunding aliocahon
[P IO TNy Pl RS WD TTvomve -

e =, L R =l =l =, =i

Arbed | sunvey interviews and all but ons have sgresdio tske pant inthe follow-up sunvay, which
will Es2the tull guestionnars. | e reason the one pIfCIpSnt Ras withdraam trom the study was
dus to 3 number Bswes resuling from the installstion of the BW| and nat a5 3 result of the way the
SuVEy'was conducted. |hers are approumately S99 Arced dwelhings | 15 tor GH and 144 for
FHA) with oocupants that did not t5ke pan in the preArbed | surveys and thesewill 3l be sent the
shont questionnairs by post. The finsl number of participants will b= dependant on how many reburn
ihe compleied Quashionnarss.

=1 = = = SRASN i 3 = i = P =
suneys {occupants sent 3 reply slip stating their preferred methed of contact and provided

Cofmes pondng detmils ). | e mammeihod chosen by these cocupants was vE the teephone Upon
re-contacting thess cocupsnts, thay will be offzred the choice of panticipating in the sunvay 35 an
inteniew, & amutsly comenent tme o to have the (full) guestonnarne posted to them. For e
occupants that did not participste inthe pe-Arbed | sunvay, 3 letter will be s=nt to sxplsin the
purposs of the study, =gusst paticipation and provide instructions of what fo do F thay agresto
taks pant |se€ attached exampie of coverng Effer) bnclosedwiih the letterwill b2 an ntomahion
shest, twoconsentfoms, a reply slip (for owner-eocupies only —to arrangs for floor asa

ME35 Uramsants o bE taken), the short guashionnars and 3 prE-paid rum emwelops Ses enclosed
dizggram for more detais.

= TRl [Cle bl ===

referance 18.01.02/11 Hoppsr.
AT SIOOENT ProjEcts oty
What previous experience of research invohing human pariicipants relevant to this project
QoSS WOl 5 UPENISor have

4

" = == "
of housing associstions and tenanis intheir propartiss respectively and occupants of privatel
owned holses in collaborshon with Uoastal Housng LSroup, whoh have recaved USAU sthes
approval. Professor Geongs Karani, the third supsnisor for the project, has besnimvoledin
NOLUSINg rEgEneraion projects in Landit and supsnvised 3 resesch degres inthe area

Apptication for athics approval vid Jue 2040 5
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UWIC APPLICATION FOR ETHICS APPROVAL

infomnes; Elf o loneg the intenviaw is anticipaied to take and arran ,—:-m=-rl= will only bemadesta
Surnsble tme that B comvenient tor them. Fatcipants will 2iso b= geen contact fetals 1or the
ressarches sotha any arangemants can bechangsd i1|'=-1|m=- & no lpnger convenisnt. Whers
the guestonnaire & 10 be posied io the pamicpant, ths can be complded 5t 3 tme that &

COMmEn |=-rl 1{- them.

=1a‘ffr-::m CHGFHA will accompany the A in f-:.-::e—1-:-—fi=- rr1=_-=-1r swith residents.

T —-CTORSENT

= = = ETITEE T 7T ST ST =
study and 3 consant form o sign, to whichthay will receive acopy for their mcords. There are fowr
types of Consent foms AEched to the AppICaon, Two Tor Whers the guestionnars s hiled n 3 3
suney intenisw and tano for whers the guestionnaire ars posted to the paticipants. For 2ach
method there & one for owWneRCCUpETs and one for housing Sssociaon tenants dus to havngto
gain consent to gather floor ams dstafrom owneroccupers only. The consent form to be sent with
postal guestionnaires diffes from theswney ineniaw consent fom, in that thess paricipanis as
providng consent 1o take pan nthe study by Nlling in the guastionnars. Ses tached Stample
ccnr5=-rl f{-nn:f:-r maoE .aqlh

Protection A 1 :.-:.-& In summary, 1|'=-=e enswE tha |:er=::|r-=l 513 & processed lawfully and fulrlg.-

Appdiogtion for athic approval v11 jue 2010 7
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i, 0l =3 g (P43 =) o= Sl 3 =
amount of pesona daa whichcan be hald (3}, that i is acowste andkept up to date (4) and how
long & can be retamedtor (2). [hay aEo 58t out the nghts of ndndeas {b), The MINMmum secunty
messurss which must b= n pecs {7) and advice for sending pesonal dsts cuwtsids the Eurocpean
SCONOME 3res ().

b= kept complaely separaely from the daa The P will provideconfrm ation in the nfomaion
shest tha msponsss will Eman complsly anonymaous Sndihat no reéberence tothe namses o

= = = =3 = = = =
infomation whichwwill b= held sbout them and who will have sccess to thes infomation All
ntommahon gathersd 35 part of the project, ndeding the signed consent foms and a3l other foms
complaed by paticipants, will b= ratzined by the P and stored in 3 secure kocation st Candiff
Metropolian University, slongwiith sl cther confidental inhom aion related io the HESS Fhl
project; scoessiblefor ins pection f required for & lesst ten yeas sfier the work B competed Mon
essentsl moords will be shredded 5t the conclusion of the wark.

[T FTE TIR=TE Iy TOTTEE e ol i = T ke [ (MR (¥

TG,

MB: When submitfing your spplication, in addifion o this form youwr School Ethics Commities
will 2xpect 10 582 COpIES Of e GOCIEMantaIon Vou Will LIS S JUnng your project Uepending
on what your project entails, this may includs:

» Participant information shest {Ses Saction C)

= [Participant consentform (Se= S=cion C)

+ Parents informationshest|{Ses Saction)

» [Parents consent fom (Se=5ecton C)

» Participant guestionnairs [Se= AR)

+ Heslth guestionnaire (5= B3)

»  Lettertothe organisation 31 which research wil take placs

Refer to the document Guidelnes for obfzning effics spproval for further detals onwhich
doCuments you should prowde and exempiar fonms for your reference when compiling ths
information.

Appdiogtion for athic approval v11 jue 2010 -]
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SUNIC

1T
The Ecological Built Environment Research & Enerprise group (EBERE)

Thermography Building Survey proforma

Mame of Thermorapher

Type of survey Cuslitative § Quantitstive Extzmal/ Inizmal

Camera details

Date

Time

Location (address)

Froperty type Detached Semi-datzched End-Tarrace/ Mid-Terraca/ Fla

Construction type Solid walls! Cavity walls' Stesl frama’ Timber frame’

Crrientation of property
[Front! Back)

Temperature —In

Temperature — Cut

Relative Humidity — In

Relative Humidity — Cut

Wind speed

= o Thusar. = [T 3= e (] Groug.
Srechr o EBEREE. Or John B Witesood  Beegod Sy wic mc Ll
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Appendix XIV: Arbed | Approved Technical Details

Figure 1 illustrates the manufacturer’s technical detail for the eaves and verge
where there is no roof overhang to protect the top of the EWI system. The detail
was obtained from the BBA certificate as one was not provided to the housing
association as part of the set of drawings produced for the design and build
contract. As Figure 1 is a generic detail, it does not illustrate the ceiling level
relative to the top of the EWI as shown in Figure 35 in section 5.2.2 on page 159

of Volume | of this thesis. As a result, it is not possible to identify any potential

‘ & l:c.rg;-: board Meoscia board

silicone sealant

thermal bridging.
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Figure 1: Manufacturer's eaves detail using capping profile (BBA, 2011)
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Figures 2 and 3 illustrate the window reveal details provided by the manufacturer.
The window reveal detail illustrated in Figure 2 is the option that was adopted by
the contractor and thus housing associations for their Arbed | dwellings. As
illustrated, the adopted window reveal detail did not consist of EWI being returned
at the reveal and therefore a thermal bridge was created at these locations of the
external walls. Whilst the alternative window reveal detail shown in Figure 108
consists of a reduced thickness of EWI at the reveals, this would have reduced

the likelihood of thermal bridging occurring.

Figure 2: Adopted window reveal detail provided to the housing association by the manufacturer
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Figure 3: Alternative window reveal detail provided to the housing association by the manufacturer

Figures 4 and 5 illustrate the options for the window sill details provided by the
manufacturer. As shown in Figures 37 and 38 in section 5.2.2 on pages 161 and
162 of Volume 1 of this thesis, respectively, neither thus housing association
adopted either of these methods for their Arbed | dwellings. Whilst both options
below appear to leave a residual pathway for a thermal bridge, the second option,
illustrated in Figure 38 on page 162 of Volume 1 of this thesis appeared to

overcome this issue.
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Figure 4: Window sill detail Option 1 provided to the housing association by the manufacturer

Figure 5: Window sill detail Option 2 provided to the housing association by the manufacturer
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Figure 6 illustrates the external wall to pavement detail provided by the
manufacturer. As with the window sills above, neither housing association
adopted the method below as both chose to insulate the plinth of the wall with
XPS. The method shown in Figure 6 below would have left a significant thermal
bridge. Whereas the method shown in Figure 39 in section 5.2.2 on page 163 of

Volume 1 of this thesis, reduced the level of thermal bridging.

Figure 6: Pavement to wall junction detail provided to the housing association by the manufacturer
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