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Abstract

Retrofitting the built environment is critical for mitigating devastating climate
change. Operational energy from buildings is responsible for 27% of global
carbon emissions. However, standard retrofitting approaches are often not

appropriate for the 20-30% of UK homes with heritage value. This research
examines the potential for realistic carbon reduction from these buildings

while retaining their heritage values.

The county of Cumbria was the overarching case for this research which
involved a resident survey, 16 individual building-resident case studies with
both quantitative and qualitative data, and lifecycle modelling of retrofit

options.

The study found that most residents of vernacular buildings, whether with
official heritage designation or not, invest heritage values in their buildings
and that these values affect the retrofits they consider acceptable and will
therefore enact. Meanwhile, most residents already engage in energy
conscious behaviour. In contrast to common assumptions, most residents
find their buildings comfortable, emphasising excellent summer performance,
although previous maladaptions can present challenges. The study further
showed that standard modelling tools poorly reflect both vernacular buildings’
energy performance and residents’ behaviours and preferences, thus

frequently recommending inappropriate alterations.

When the embodied carbon of the retrofits was calculated alongside the
operational savings it frequently influenced which measures had the lowest
lifecycle carbon. There were also positive synergies between measures with
low embodied carbon and those acceptable to residents’ heritage values;
these measures tend to be non-invasive and less technical but are harder to

model and quantify and therefore often overlooked.

This research shows that we should acknowledge residents’ values and

behaviours, consider residents and their buildings as interrelated and
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interdependent, and include the embodied impacts of retrofit, if we are to
realistically make desperately needed carbon reductions from our buildings.
This study has implications for retrofitting approaches and policies for

vernacular buildings with applicability far beyond Cumbria.
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Chapter 1. Introduction

1.1 Carbon reduction and the built environment

The latest report by the Intergovernmental Panel on Climate Change
emphasises that anthropogenic climate change is an overwhelming threat to
human societies and the natural world (IPCC 2022a). It highlights the need
for urgent action to reduce carbon emissions by 43% in this decade, to have
any chance of limiting global temperature rise to less than 1.5°C and
avoiding devastating and irreversible impacts (IPCC, 2022b). Energy used in
buildings is currently responsible for 27% of global carbon emissions each
year (Global Alliance for Buildings and Construction et al., 2021). In the EU
and the UK the rate of building stock replacement is only around 1% per
year, meaning that 85-95% of current buildings will still be extant in 2050
(European Commission, 2020; Almeida et al., 2018). Ensuring that all new
buildings have net zero operational carbon through policies such as more
stringent building regulations is necessary; however it is not sufficient
(Economidou et al., 2020). In order to mitigate emissions from the built
environment, it is also critical to reduce carbon from existing buildings
through retrofitting on a massive scale (Committee on Climate Change
(CCCQC), 2020; European Commission, 2020).

‘Retrofitting’ can be defined as alterations carried out in order to improve
building performance, either in energy terms or in other respects (ASHRAE
2019). This suggests a broad scope for a range of measures; however
retrofit projects generally focus on changes to building fabric or technologies
(Gram-Hanssen, Georg, et al., 2018; Mazzarella, 2015). These include
improving the insulative qualities of the building fabric through adding
insulation and altering or replacing windows, or decarbonising building
energy sources through renewable technologies such as heat pumps or solar
panels, and improving the efficiency of current systems (Carratt et al., 2020;
Fisk et al., 2020). Currently however rates of retrofitting to reduce energy
demand are low, while rates of deep retrofit, where energy demand is
reduced by 60% or more, only cover 0.2% of the European building stock
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each year (European Commission, 2020). It has been calculated that rates of
retrofit need to more than double across Europe, equating to over 90,000
homes retrofitted every week up to 2030 (European Academies Science
Advisory Council (EASAC), 2021). Retrofit policy has been described as
piecemeal, often involving short term schemes for individual measures and
relying on individual activities and market mechanisms which have failed to
deliver the required scale of change (Palmer et al., 2021; Wade and
Visscher, 2021).

The energy used in residential buildings is responsible for 15-18% of total
operational carbon emissions in the UK and Europe (EASAC, 2021; CCC
2020; European Commission, 2020). Retrofit projects have often focussed
on social housing because this can help some of the most vulnerable
residents and because economies of scale are more feasible than in
privately owned housing (Wade and Visscher, 2021). Owner-occupied
homes however make up over 60% of UK housing and there are calls for
reducing carbon from these buildings to be an area of policy focus (Wade
and Visscher, 2021; Piddington et al., 2020).

Retrofit approaches can often neglect to take detailed account of the values,
motivations and behaviours of the building residents (Gram-Hanssen, Georg,
et al., 2018; Fouseki and Cassar, 2014). These values and behaviours
however, can have a significant impact, both on the types of measures that
may be enacted, and on the levels of energy reduction that are possible
(Fouseki et al., 2020; Sunikka-Blank and Galvin, 2016; Gram-Hanssen,
2013). Greater recognition of a building and its residents as an
interconnected system has therefore been identified as important (Wade and

Visscher, 2021; Gram-Hanssen, Georg, et al., 2018).

1.2 Buildings with heritage value and retrofit challenges

The existing building stock across Europe includes between 20-40% which
could be classed as heritage. Heritage values may relate to a range of

tangible and intangible building aspects (CEN, 2017). The preservation of
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these heritage buildings and their values is generally acknowledged as
critical to retaining the character of the built environment (Historic England,
2020; Mazzarella, 2015).

Heritage buildings are often identified as having poor energy performance
because they were constructed before the development of energy standards
for buildings (Mazzarella, 2015; Brostrém et al., 2014). There is some
evidence to suggest that actual building performance may be better than
generally assumed (Pracchi, 2014; Sunikka-Blank and Galvin, 2012) but
there is still a critical need to reduce carbon from all buildings, including
those with heritage values (Historic England, 2020).

There is a lack of internationally agreed definitions for buildings with heritage
values and a variety of terms are used (Webb, 2017), including heritage
buildings, historic buildings, built heritage, immovable heritage and cultural
heritage (Webb, 2017; Ascione, Cheche, et al., 2015; lyer-Raniga and Wong,
2012; Tweed and Sutherland, 2007). There is no single definition of the
characteristics which determine a ‘heritage building’, except as one with
‘heritage value’ (Webb, 2017; Brostrém et al., 2014; Fabbri, 2013). Common
characteristics however include, age, construction methods and materials,
and designation in planning policies (Webb, 2017; Khodeir et al., 2016;
Mazzarella, 2015; Fabbri, 2013). In this research the term ‘heritage building’
will be used to refer to buildings with heritage value as this term appears

more prevalent in a UK context (Deliotte, 2017).

Taking the most simple definition of heritage buildings, ‘age’, a review of over
200 articles identified two dates which are often considered important
thresholds for heritage buildings in Europe, 1919 and 1945, reflecting
changing construction practices after the two world wars (Webb, 2017).
Around 22% of residential buildings in the European Union were built before
1945 (Nicol et al., 2015), while the UK has some of the oldest buildings stock
in Europe with 20% built before 1919 and a further 15% between 1919 and
1945 (Piddington et al., 2020). Older buildings therefore make up a
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significant percentage of the European and UK building stock (Herrera-

Avellanosa et al., 2019).

One reason why heritage buildings may be more challenging to retrofit is that
many of them have traditional construction (Curtis, 2010). This includes solid
wall and moisture permeable construction of stone, brick, and timber frame
which is often referred to in relation to heritage buildings in the literature
(Herrera-Avellanosa et al., 2019; May and Griffiths, 2015), and in technical
documentation (HM Government, 2021, p. 977). Not all heritage buildings
have traditional construction and not all buildings with traditional construction
are heritage buildings but there is a common relationship (Curtis, 2010).
Around 20% of buildings in the UK are considered to have traditional
construction (May and Griffiths, 2015) and this construction means that these
buildings can be at risk of maladaption if retrofit is approached in the same
manner as modern buildings (Sesana et al., 2019; Glew et al., 2017; May
and Giriffiths, 2015).

Another term used in this research is ‘vernacular’ buildings. Again, the
definition of this term is not exact, but it is generally considered to relate to
buildings of traditional construction that use local materials, may have a
distinct local or regional style and are unlikely to have been designed by a
professional architect (Ghisleni, 2020; Oliver, 2006). Oliver (2006) describes
vernacular architecture as ‘indigenous’ and uses the analogy of architecture

as a language to suggest that:

Vernacular architecture can be said to be ‘the language of the people’

with its ethnic, regional, and local ‘dialects’. (p.16)

Vernacular architecture is also often associated with more modest residential
buildings. The International Vernacular Architecture Group’s website
(Vernacular Architecture Group, 2022) states that it is: ‘An international
organisation for all those interested in lesser traditional buildings’ [emphasis
added] (Vernacular Architecture Group, 2022). In the 19" and early 20"
centuries the term vernacular had somewhat primitive and colonial

connotations (Oliver, 2006). More recently however both the heritage values
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of, and the potential to learn from, local construction techniques and
traditions is increasingly recognised in a positive light (Cardinale et al., 2013;
Oliver, 2006).

‘Vernacular’ is often used synonymously with ‘traditional’ when describing
buildings, for example by Brunskill who uses the terms fairly interchangeably
in his book on ‘The Traditional Buildings of Cumbria’ (2010). The definition of
vernacular buildings used in the current research is buildings of a traditional
construction, using local materials or styles. This research focusses on
vernacular buildings built before 1940 because these are more likely to have
heritage value, 1940 is used instead of 1945 as there was limited
construction in the UK during WWII. These buildings, as with traditional
construction more generally, may, or may not, have heritage value and

therefore also be described as heritage buildings.

Planning policies for buildings officially designate some buildings at various
levels and these polices can limit the types of retrofit which are allowable
(Pickles and McCaig, 2017). In the UK, buildings with specific heritage
designation are likely to make up approximately 5-6% of the residential
building stock (Li and Densley Tingley, 2021; Historic England, 2015, 2019a),
a much smaller proportion than those built before 1945 or with traditional
construction. A number of authors have suggested that heritage buildings are
only those with official designation (for example, Cabeza et al., 2018;
Mazzarella, 2015; Ben and Steemers, 2014). This also seems to be a
perception held by some policy makers for example the former UK Housing
and Communities Secretary, Robert Jenrick, when speaking to BBC Radio
Four's The World at One in July 2021 suggested that while heritage sensitive
retrofit measures were required for the buildings with the highest designation
(individual listing) standard retrofit measures and approaches were likely to

be suitable for most older buildings (Anon, 2021).

Many authors however have identified that official designation is not required
for buildings to have important heritage values, both individually and as part

of a wider cultural landscape, which need to be retained in retrofit (Loli and
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Bertolin, 2018; Eriksson et al., 2014). Indeed, the need to acknowledge
heritage values in undesignated buildings, and the implications that this may
have for carbon reduction from these buildings, has been emphasised by
some authors, and in European Standard 16883 on the Conservation of
Cultural Heritage (Herrera-Avellanosa et al., 2019; CEN, 2017).

The EU’s Energy Performance of Buildings Directive (EPBD) (EU Directive,
2010), requires specific energy performance improvements, and the recast in
2018 placed particular emphasis on the retrofit of existing buildings (EU
Directive, 2018). However, it allows member states to choose how they apply
these energy requirements to officially designated heritage buildings if
compliance would harm their historic character. The UK transferred these
regulations into UK law following Brexit and Part L1b of the English Building
Regulations currently allow officially designated buildings or those with

traditional construction to make ‘reasonably practical’ energy savings which:

Should not prejudice the character of the host building or increase the
risk of long term deterioration of the building fabric or fittings (HM
Government, 2021, p. 977 para. 3.9)

These regulations however provide no guidance on how the character of the
building is to be identified or how to assess these risks, nor on the actions
that should be taken for buildings that do meet these criteria.

Meanwhile the EU’s Renovation Wave Strategy aspires to double the annual
rate of energy retrofit by 2030 and increase the percentage of deep retrofit
(European Commission, 2020). The Renovation Wave Strategy identifies
‘respect for aesthetics and architectural quality’ as a key principle (European
Commission, 2020, p. 3), and identifies the need for specific skills to

safeguard historical buildings and their heritage values.

As part of the Renovation Wave Strategy revisions to the EPBD are currently
being considered. This includes mandating that countries should develop
long term renovation strategies to reach net zero by 2050, including interim

targets, and the widespread use of minimum energy efficiency standards
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(MEES) for buildings (European Commission, 2022). It is unclear if
exemptions for designated heritage buildings will still apply or not. There are
currently no consistent policies across Europe on how to enact retrofit
sensitively for these buildings (Mazzarella, 2015), only recognition that more

holistic approaches are required (Herrera-Avellanosa et al., 2019).

The significant percentage of European and UK buildings likely to have
heritage value, both designated and undesignated, means that carbon
reduction from this segment of the building stock is important (Herrera-
Avellanosa et al., 2019). However, their heritage values, and vernacular
construction may mean that standard retrofit approaches are not appropriate
and these buildings are therefore often considered ‘hard to treat’ (European
Commission, 2020; Mazzarella, 2015). Meaningful carbon reduction requires
retrofitting that is compatible with these buildings’ values and construction on
a much larger scale than is currently realised (Eriksson et al., 2019; Herrera-

Avellanosa et al., 2019).

Reducing carbon emissions from the existing built environment is therefore
critical in efforts to mitigate climate change. Heritage buildings, like all
buildings, require retrofitting at a dramatically increased pace to reduce their
energy use and associated emissions. However, achieving this carbon
reduction while retaining these buildings’ heritage values may present a
variety of specific challenges that have not yet been fully addressed. The
potential to reduce carbon while retaining heritage is therefore the topic of

this research.

1.3 Thesis structure

This thesis will be structured as follows. Chapter Two examines the literature
on heritage retrofitting, considering the views, values and behaviours of
residents, the technical performance of heritage buildings and its reflection in
energy modelling, as well as lifecycle impacts relating to carbon reduction
from heritage buildings. Key gaps are identified, framing the priorities for the

current research, and developing the research aim and questions. Chapter
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Three then sets out the overarching research design and describes the
individual methods used to address the research questions, providing details
about their role in the research and how the methods complement each
other.

Chapters Four, Five and Six outline the results of the research, exploring the
experiences of residents within their buildings by examining the heritage
values, views - including motivations for retrofit, attitudes to carbon reduction
and perceptions of their homes - and behaviours of residents. Chapter Four
explores the heritage values that residents of vernacular buildings may invest
in their homes and compares these to the values recognised by policy
designations. Chapter Five considers the acceptability of different retrofits to
residents and identifies the barriers they perceive as important when
negotiating retrofit decisions. Chapter Six goes on to investigate the energy
behaviours that residents engage with and the perceptions of indoor comfort
that influence these behaviours.

The first three of the six analysis chapters therefore develop an
understanding of the experiences and roles of building residents. Chapters
Seven and Eight, in contrast examine the technical side of the building-
resident relationship. Chapter Seven compares the actual measured energy
performance of a number of individual vernacular dwellings, comparing these
with national averages, and with standard modelling results for these
buildings. Chapter Eight moves on to consider the possibilities of retrofit,
calculating the operational, embodied and lifecycle carbon saving potential of
a range of individual retrofit options for a number of real buildings, using

detailed energy simulations and lifecycle assessment.

The final analysis chapter, Chapter Nine, considers both residents and
technical building performance together as part of a holistic relationship. It
assesses the lifecycle impact of the retrofit measures explored in Chapter
Eight when combined into different packages and considers how realistic
these packages may be, taking the heritage values, views and behaviours of
residents, and the policy landscape, into account.
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In the final two chapters the individual results from each of the proceeding
chapters are brought together to demonstrate the important of a holistic
understanding of the resident-building relationship. Chapter Ten discusses
the findings and considers the implications for future retrofitting approaches
for vernacular buildings, as well as making recommendations for policy and
practice. Finally, in the concluding chapter, the research questions are
addressed and reflected on, and limitations to this study and future research
needs are considered. Ethical information, methodological details, and links

to underlying data are included in the appendices.



Chapter 2. Literature and context

2.1 Introduction

This chapter examines the literature surrounding the reduction of energy and
carbon from buildings with heritage values and identifies a range of
challenges, opportunities, and research gaps. It begins by considering the
types of values that are identified in these buildings and the implications of
these values for retrofitting. A number of barriers that residents can
experience in retrofitting heritage and vernacular buildings are identified. The
role of residents’ energy behaviours within buildings, and heritage and
vernacular buildings in particular, are then examined and the importance of
residents’ perceptions of comfort in their buildings are interrogated. Research
on the actual performance of heritage buildings is investigated and some of
the challenges with energy simulations of these buildings are identified.
Finally, lifecycle carbon and its calculation is introduced and its effects on
retrofitting considered. Identified research gaps are then summarised and a
research aim, and specific research questions, are developed to address

these gaps.

2.2 Heritage values and retrofitting

The characteristics of heritage buildings are defined in various ways by
different authors (Webb, 2017; May and Giriffiths, 2015; Mazzarella, 2015).
Irrespective of age, construction type or statutory protection however,
heritage buildings are generally agreed to be those that have ‘heritage value’
and a variety of values are recognised by the international community
(Herrera-Avellanosa et al., 2019; Lideléw et al., 2019; Webb, 2017).

The Burra Charter states that heritage value or cultural significance means:

Aesthetic, historic, scientific, social, or spiritual value for past, present
or future generations... places may have a range of values for different
individuals or groups. (Australia ICOMOS, 2013, p2).
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The Burra Charter is an important international standard for the management
of cultural heritage, developed by the Australian International Council on
Monuments and Sites (ICOMQOS) (Webb, 2017; Fouseki and Cassar, 2014;
Australia ICOMOS, 2013; Fabbri, 2013; Mason, 2006). This charter expands
and builds on the Venice Charter of 1964, which was a major undertaking to
create an international framework for the conservation and restoration of
historic monuments and sites (ICOMOS, 1964).

The European standard EN 16883 identifies a similar range of heritage
values to the Burra Charter, stating that these values can encompass
different aspects which include: ‘architectural, artistic, economic, social,
symbolic, technological and material’ (CEN, 2017, p. 5). The Welsh historic
environment service, Cadw, also identify that values can relate to: material
elements such as architecture or construction; the ability to provide historical
knowledge both specific to the individual building and more broadly; and to
the social, cultural and economic values that are provided for communities
(Cadw, 2011). The values of any building will be specific to that building and
may include one or many of this wide range of tangible and intangible values
(Herrera-Avellanosa et al., 2019; Khodeir et al., 2016; Mazzarella, 2015).

Tangible values could include specific features such as windows which are
often identified as being valued by residents for more than just their
functionality (Gerhardsson and Laike, 2021). Windows are widely considered
to have significant heritage values both as a substantially visible feature of a
building’s fagade and because of their historic manufacturing techniques (Litti
et al., 2018; Bakonyi and Dobszay, 2016; Sedovic and Gotthelf, 2005). The
visual appearance of original single glazing can be very different to that of
modern glass, creating different reflections as a result of its traditional
manufacture (Smith, 2014). The replacement of original windows is therefore
often prohibited by planning regulations in designated buildings (Curtis,
2010). Residents of older buildings, as well as conservation experts (Ginks
and Painter, 2017), have been shown to value original windows both for their
character and their craftsmanship (Mallaband et al., 2013).
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Intangible values meanwhile include aspects such as the ‘sense of place’ of
the building in its wider cultural and natural landscape. Place based values
are part of what are termed cultural ecosystem services (CES), although
these have been under researched compared to physical ecosystem
services (Schaich et al., 2010). CES and placed based values have been
identified as multidimensional and relating to a range of varied qualities on
different scales, from individual features to broader landscapes (Soini et al.,
2012; Schaich et al., 2010). There is limited empirical research into the
values that residents themselves invest in their buildings, or on the role of the
built environment in the literature on place based values. A connection to
local landscapes and traditions has however been identified as important to
residents, particularly in protected areas such as national parks or similar
(Vlami et al., 2020; Bieling, 2014). These connections in some cases are an
important part of residents’ identity (Olwig, 2018; Bieling, 2014) and are also
often associated with an increased sense of responsibility and stewardship
(Fouseki et al., 2020; Schaich et al., 2010; Davenport and Anderson, 2005).
Another example of intangible values includes a sense of connection to
previous residents, which can either be linked to specific features or be
related to a more general ‘sense of history’ (Lipman and Nash, 2019).
Intangible values can also relate to customs, practices and skills, which are

likely to have an impact on energy use as well as heritage value (Pili, 2017).

For designated heritage buildings with officially recognised values, planning
policies may limit the types of alterations that are allowable for different
designation levels. Designations include individual and area designations. In
England, Listed Buildings are those included in the National Heritage List
(Pickles and McCaig, 2017). Buildings can be Listed as Grade |, Grade II* or
Grade Il, with Grade I, the highest category of recognised value, only
including 2% of all listed buildings (Historic England, 2019a). Historic
England, Historic Environment Scotland and Cadw (Wales) have a statutory
consultative role in their respective countries for projects where changes to
Listed Buildings are considered, and are also involved in compiling listings
(Historic England, 2019b). Conservation areas are Local Authority

designations that cover a number of buildings or a particular area (Pickles
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and McCaig, 2017). It is estimated that 1-2% of UK buildings are listed
(Historic England, 2019a; Historic Environment Scotland, 2019; Cadw,
2018), while there are around 10,000 conservation areas in England
covering multiple buildings and potentially up to 4% of UK homes (Li and
Densley Tingley, 2021; Historic England, 2015). In addition to the above
designations, buildings within National Parks and buildings with traditional
construction also have a level of planning protection. In the first instance this
primarily relates to their contribution to the overall character of the area and

in the second to their construction techniques (Pickles and McCaig, 2017).

Listed buildings require specific consent for all exterior and many interior
alterations, while in some conservation areas, ‘area design guides’ are
provided and certain external changes may be excluded from normal
‘permitted development’ rights and require permission (Pickles and McCaig,
2017). It is still possible to make alterations to designated buildings but
additional justifications, efforts, and compromises may be required and
decisions can be contentious (Friedman, 2015). The replacement of original
sash windows with triple glazed replicas and the addition of solar panels to a
Grade | listed building belonging to Trinity College, Cambridge, for example,
required intervention by the Secretary of State because of fierce opposition
from Historic England (Smith, 2014). Part of the argument successfully made
by the college was that through their retrofit they were enabling preservation
of the authenticity of the building’s continued use as accommodation, which
they felt balanced the alterations to the external appearance (Smith, 2014).
In this instance the intangible values of the college overruled the tangible

values identified by Historic England.

This also highlights another important point, identified in the Burra Charter,
that different individuals or groups may have a range of different values for
the same places or buildings. Tweed and Sutherland (2007) for example,
identified that the values that communities invested in their built heritage
differed from those recognised in policy in their examination of sustainable
urban development in five European cities. They also suggest that heritage

designations are often imposed in a top down manner, meaning that
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buildings, features, and areas that are of value to communities may not be
recognised (Tweed and Sutherland, 2007). This is also identified by Smith
(2006) who further argues that definitions of heritage are often expert led and

can face accusations of elitism.

A study of the UNESCO World Heritage City of Visby (Sweden), found that
residents’ values broadly did agreed with the city’s official heritage
characterisation document, which identifies the importance of retaining
original windows, doors and roofs (Eriksson, 2018). When asked about their
own homes as opposed to photos of archetype buildings however, residents
were more likely to identify intangible values around the building in its
context, instead of specific features. This emphasis on intangible values was
also seen in a study of the users of a heritage building at Durham University
which found that users valued its sense of history, despite very limited
knowledge of the building’s past (Adams et al., 2014).

There is only limited evidence for the values that residents invest in their
buildings and some of these values appear to vary from the values identified
in policy (Fouseki et al., 2020; Fouseki and Cassar, 2014). Understanding
these values is important, not only to understand residents’ values for their
buildings, but also because these values may affect the retrofits that they will
undertake, with implications for carbon reduction. Interviews with residents in
undesignated heritage buildings in Cambridge who had undertaken retrofit
illustrates this point (Sunikka-Blank and Galvin, 2016). This study showed
that residents’ heritage values had a strong effect on their retrofit decisions.
Values mostly related to a desire to retain aesthetic character but also
included authenticity of construction details, with one resident refusing to
utilise a building style common in the local countryside but not seen in urban
Cambridge. The authors emphasised the small scale and specific context of
their study and highlighted the need for further research exploring the effect
of residents’ heritage values on retrofit decisions (Sunikka-Blank and Galvin,
2016). A study conducting research in three countries made similar findings
and also called for more in depth research on this topic (Fouseki et al.,
2020).
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Numerous studies of energy reduction in all residential buildings have
highlighted the fact residents do not make decisions based on cost benefit
analyses, and instead negotiate decisions based on their values, motivations
and ability to navigate a range of constraints and barriers (Hrovatin and
Zori¢, 2018; Shove, 2018; Wilson et al., 2015; Haines and Mitchell, 2014).
For residents of heritage buildings in particular, the values that they invest in
their homes are another factor that they must negotiate when trying to

identify appropriate retrofits.

Retrofits in owner-occupied buildings are generally instigated, managed, and
often largely funded, by residents, and if a measure is not acceptable to them
they will not enact it (Fouseki et al., 2020; Nicol et al., 2015; Haines and
Mitchell, 2014; Mallaband et al., 2013). Residents’ heritage values are
therefore particularly important in a UK context where 63% of dwellings are
owner-occupied (Piddington et al., 2020). A greater understanding of these
values is therefore critical to identifying acceptable retrofit measures and

increasing the incidence of retrofit for carbon reduction.

Residents’ heritage values however often appear to be neglected in policy
and research, something which has been identified as due to limited
consultation and a preference for expert-led solutions (Fouseki et al., 2020;
Misirlisoy and Ginge, 2016; Fouseki and Cassar, 2014; Smith, 2006). In
their review of the heritage retrofit literature, Lideléw et al (2019) identified a
lack of consideration of the heritage values of specific buildings, with studies
often relying on generalisations. Residents’ values meanwhile are
acknowledged to be unique and context specific (Herrera-Avellanosa et al.,
2019) and recommending standard retrofit measures is therefore likely to be
unacceptable to some residents. There is a tendency in the literature to give
only limited space for considerations of heritage (for example Ascione,
Cheche, et al., 2015), to take planning restrictions as the sole arbiter of value
(as in Harrestrup and Svendsen, 2015), or to assume that the building
facade is the only element of importance (Zagorskas et al., 2014).
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The heritage retrofit literature includes a significant number of technical
feasibility studies, where seeking the views of residents is beyond their
scope Lépez and Frontini, 2014). However even in empirical heritage retrofit
studies there is only limited engagement with the views and values of
residents (Ben and Steemers, 2014). There can be a tendency for these
types of studies to present heritage values as barriers to standard retrofit
approaches (Tokede et al., 2017; Magrini and Franco, 2016) and many
authors highlight the challenge of balancing heritage values, and their
attendant constraints on acceptable changes, with effective retrofitting
(Brostrédm et al., 2014; Cassar, 2009).

Meanwhile a number of studies have attempted to quantify heritage values in
order to help weigh them against quantitative environmental and economic
considerations. A Swedish project developed a model to aid decision making
which characterised building stocks and set environmental, economic and
heritage conservation targets (Brostrém et al., 2014). Economic and
technical optimisation was used to narrow the list of measures, which were
then weighted against their heritage impact. This was quantified using the
same five-level scale as the economic and environmental criteria. The
authors felt that this model had the potential to improve the transparency of
decision making but identified challenges with quantifying subjective heritage
values, especially in undesignated buildings. The heritage values used in the
study were also determined by experts without reference to the values of

residents.

A similar quantification tool, designed to aid decision making, was created as
part of the EU’s EFFESUS (Energy Efficiency for EU Historic Districts
Sustainability) project (Eriksson et al., 2014). The authors identified
challenges such as time intensive data entry, but conversely, a lack of
sufficient detail for individual buildings because of the design for district level
decisions, and the model has not be made publicly available (Rodriguez-
Maribona and Griin, 2016). Meanwhile attempts to quantify heritage, and
other subjective values, for use in an ltalian adaptive re-use case study, were

stymied by a lack of consensus amongst the multidisciplinary expert panel,
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who each privileged the importance of their own specialism (Ferretti et al.,
2014).

It therefore appears that attempts to quantify subjective and specific heritage
values to enable their comparison with other parameters present challenges
in practice. The quantification of heritage values may also encourage a
sense that they are interchangeable with other values, which may be
particularly problematic when economic issues are considered (Mason,
2008). Heritage buildings can have significant economic benefits (Deliotte,
2017), especially through heritage tourism, and some authors have argued
that putting a monetary figure on heritage values can encourage their
preservation (Ferretti et al., 2014; Bullen and Love, 2011). An overemphasis
on economic value however could lead to negative effects on heritage
values, as seen in a study on the adaptive-reuse of heritage buildings in
Hong Kong, which advocated the relaxation of heritage planning protections
to make these buildings more attractive to investors and developers (Yung
and Chan, 2012).

The Burra Charter deliberately excluded economic benefits in order to avoid
a dilution of the importance of heritage preservation as a good in, and of,
itself (Mason, 2006). Heritage values can be described as a non-renewable
resource which should be maintained for future generations (Vakhitova,
2015; Fabbri, 2013). Therefore, although economic considerations may be
beneficial, and perhaps necessary for heritage retrofit projects, they must
also be approached with caution (Mason, 2008).

In summary the possession of heritage value is the primary defining feature
for heritage buildings. These values may encompass a range of both tangible
and intangible aspects of both the building and its surroundings. Moreover,
these values will be individual and context specific for particular buildings
and areas. The heritage values that residents invest in their buildings appear
to differ somewhat from those identified in policy. Residents’ values however
are often neglected in heritage retrofit studies which tend to use

generalisations, planning designations or expert determined quantifications
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of value to identify appropriate measures. There are additional challenges
with the quantification and potential trade-offs of heritage value against other
benefits, in particular economic considerations. Some authors suggest that
heritage values should be viewed as a non-renewable resource, and
therefore by implication one which cannot be traded for any other
consideration. Residents’ values are also likely to affect the retrofit measures
that they would find acceptable and therefore enact. A greater understanding
of the heritage values of residents, and the influence of these values in

determining the acceptability of retrofit measures, is therefore required.

2.3 Barriers to retrofit

There are a number of acknowledged barriers to retrofit for residential
buildings more generally. Residents must negotiate a range of complex, and
sometimes competing, factors when making retrofit decisions. These generic
barriers include financial, and particularly capital, costs (Albrecht and
Hamels, 2021), a lack of skills within the construction industry (EASAC,
2021; Simpson et al., 2021), access to information on retrofit (Gram-
Hanssen, Jensen, et al., 2018), and time commitment and level of disruption
(Fawcett and Topouzi, 2020). These and other barriers also apply to heritage
buildings and are often exacerbated by their traditional construction and the

need to retain their values.

Access to appropriate information is commonly identified as a key barrier for
all homes, with an emphasis on the need for knowledge to come from trusted
sources and be relevant to residents’ individual contexts (Gram-Hanssen,
Jensen, et al., 2018; Maby and Owen, 2015). However there is a particular
need in heritage buildings for accurate, detailed, and individually context
specific information which comes from trusted sources (Herrera-Avellanosa
et al., 2019). Residents’ values are likely to influence their retrofit decisions,
meaning that they may not find standard retrofit measures acceptable.
Indeed, residents have been found to actively engage in modifying measures
to their specific contexts and values, rather than being passive recipients of

standard solutions (Galvin and Sunikka-Blank, 2014). Independent and
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context specific advice on more heritage sensitive options is therefore seen
as a key requirement for effective heritage retrofitting, with informational
barriers identified as more problematic than a lack of technical solutions

(Herrera-Avellanosa et al., 2019).

More generally several studies have found that residents may often
participate in ‘knowledge networks’, where they seek advice on retrofitting
from friends, family, and colleagues, also identifying that these unofficial
information sources can significantly affect decision making (Bartiaux et al.,
2014). Advice from personal contacts has also been seen to increase retrofit
adoption rates (Hrovatin and Zori¢, 2018; Galvin and Sunikka-Blank, 2014).
This emphasises that residents are part of a social network, rather than
isolated actors, and that retrofit decisions are much more complex than
simple cost benefit analyses (Bartiaux et al., 2014).

Cost is considered a key issue for all retrofits, and the need for financial
incentives and support for retrofit is often identified (Bartiaux et al., 2014).
Access to sufficient capital investment for retrofit is seen as a particular
challenge (Albrecht and Hamels, 2021; Hrovatin and Zori¢, 2018). A range of
policy instruments have focussed on reducing the initial financial burden on
residents, such as low interest government backed loans, support packages
for low income or fuel poor households, and grant support for particular
measures, such as the UK government’s recently announced boiler upgrade
scheme (BEIS, 2021a; Giraudet et al., 2021). The French government offer
reduced rates of taxation such as VAT on retrofit (Giraudet et al., 2021),
while the Italian Government are currently running a scheme offering 110%
returns on the cost of retrofit measures through tax relief over five years for
costs of up to €100,000 (Mates, 2021). A study from Belgium identified that
the use of loans may not be suitable for over 50% of households however, as
they already have significant financial commitments and limited disposable
monthly income so cannot take on more financial commitments, even at low

or zero rates of interest (Albrecht and Hamels, 2021).
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The use of on-bill measures is also being considered as a method of
mobilising capital for retrofit in the EU. This is where retrofits are installed at
no up-front cost, residents continue paying the same amount on their energy
bills and the resulting overpayment -because less energy is actually used
post retrofit- is used to pay back the capital cost of the measures (RenOnaBill,
2021). This method is used for example with EnergieSprong, which is a
rapid, whole house retrofit program, first developed in the Netherlands but
now operating internationally (Energie Sprong UK, 2022). Importantly
EnergieSprong guarantees a certain level of actual, rather than only
predicted operational savings over a thirty-year lifespan (Fawcett and
Topouzi, 2019, 2020). These types of schemes require regulatory changes to
enable payment to utility companies for ‘energy services’ rather than
specifically ‘energy’, and a range of changes to financial mechanisms
(RenOnBill, 2021; Fawcett and Topouzi, 2019).

Cost and mechanisms for providing financial support are therefore important
issues for retrofit and an area of policy focus for both the European Union
and many individual countries (European Consumer Organisation (BEUC),
2021; European Commission, 2020). The need to leverage private capital is
also identified as a key issue (European Commission: Directorate General
for Education, Youth, Sport and Culture, 2021). For heritage buildings cost is
often even more of a barrier that in more modern properties, because
traditional materials and more sensitive retrofit options such as secondary
glazing can often be more expensive than more mainstream measures

(Herrera-Avellanosa et al., 2019).

Cost as a barrier to retrofit however has received the most attention from
policy makers while other social aspects, which have been highlighted as just
as important, are often neglected in policy responses (Albrecht and Hamels,
2021; EASAC, 2021; Rosenow and Eyre, 2016; Mallaband et al., 2013).
Palmer et al (2021) have identified that in the UK successive governments’
have assumed that if retrofit is financially attractive it will drive take-up
despite this consistently being shown to not be the case due to other barriers

which are not addressed. This is especially true for buildings with traditional
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construction, for example retrofit levels for solid wall insulation have been
consistently lower than predicted in successive UK carbon budgets despite
ambitions being scaled back in each (Gillich et al., 2019). This gap suggests
that other barriers are present, such as measures being incompatible with

residents’ heritage values.

Skill gaps associated with retrofit, and a lack of industry knowledge and
qualifications relating to energy retrofit in general, are identified as a
challenge across the UK, and indeed European, construction industries
(EASAC, 2021; Palmer et al., 2021; Simpson et al., 2021; Clarke et al.,
2016). However for heritage buildings the need for knowledgeable,
experienced and skilled tradespeople is particularly acute because of the
locally contextualised challenges that their often traditional construction
presents (Gram-Hanssen, Jensen, et al., 2018; Galvin and Sunikka-Blank,
2014). Interviews with residents in solid walled buildings about previous
retrofits identified challenges with finding reliable tradespeople, as well as
issues with the quality of work and its compatibility with traditional
construction (Mallaband et al., 2013). Residents also expressed frustration
that tradespeople often failed to share the knowledge or appreciation of
historic building features that residents had in their buildings. Residents
identified that these poor experiences would make them less inclined to

undertake further retrofit because of the perceived risks.

The development of the UK PAS:2035 standard for domestic retrofitting aims
to provide a framework for encouraging quality retrofit processes. This
includes requirements for work on buildings with traditional construction to
take account of their performance, and to include specialist assessments of
moisture management (BSI 2020). There are however concerns about the
lack of tradespeople with appropriate expertise to implement this standard
with regard to buildings with traditional construction (Edwards, 2020).
PAS2035 also emphasises the need for a whole house retrofit approach
which considers both the building and its residents, something which many
authors have highlighted is needed (Magrini and Franco, 2016; Misirlisoy
and Glncge, 2016; de Santoli, 2015).
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The time and disruption caused by retrofit are additional barriers (Fawcett
and Topouzi, 2020). Time challenges can include both the time that the
retrofit installation takes but also the time capacity that residents feel that
they need to invest in identifying appropriate measures and tradespeople
and making retrofit decisions. This second capacity issue can be
exacerbated for heritage buildings because of the challenges already
identified around finding information and tradespeople appropriate to

heritage homes (Mallaband et al., 2013).

Finally, the application of planning policy to designated heritage buildings
has also been identified as an important and heritage specific barrier
(Pendlebury et al., 2014; Stuart, 2014). Several studies have identified
inconsistency in planning decisions across the UK, between, and in some
cases even within, different planning authorities (Stuart, 2014; Friedman and
Cooke, 2012). Attitudes towards the acceptability of slimline double glazing
in listed buildings were, for example, found to vary amongst conservation
officers in different regions of the UK (Ginks and Painter, 2017). A PhD on
planning constraints confirmed a lack of consistency and reliability in
planning decisions (Friedman, 2015). This was attributed to a lack of national
policy and the dispersed and discretionary nature of decision making,
although this may also have benefits in terms of allowing more consideration
of local circumstances (Ministry of Housing Communities and Local
Government, 2019).

While key generic barriers to retrofit have been identified in the literature as
cost, information, disruption, time and quality, these same barriers are often
exacerbated for the residents of heritage buildings, although residents’
perceptions of these barriers have received surprisingly little research
attention (Rosenow and Eyre, 2016; Fouseki and Cassar, 2014; Mallaband
et al., 2013). For residents of heritage buildings the role of information is
highlighted as even more critical, along with identifying specifically skilled
tradespeople, planning inconsistencies and being able to identify measures

acceptable to their heritage values (Herrera-Avellanosa et al., 2019). More
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understanding of the specific barriers that residents in heritage buildings

must negotiate during retrofitting is therefore needed.

2.4 Energy behaviours

Residents’ ‘energy behaviours’ are actions, activities and habits that affect
energy usage within buildings, such as heating temperatures and patterns,
window opening/closing, lighting behaviours, clothing levels and occupancy
patterns (Cassar, 2009). Energy behaviours are recognised as critical factors
in the energy demand from buildings and in particular from heritage buildings
(Berg et al., 2017; Fouseki and Cassar, 2014). In one UK heritage study with
the same technical conditions across homes, energy behaviours were found
to affect the energy savings of retrofit measures by 62—-86% (Ben and
Steemers, 2014). Behaviours were also shown to cause significant variation
in energy demand in a study of a Danish heritage apartment block

(Harrestrup and Svendsen, 2015).

The energy behaviours that residents engage in can sometimes differ in
heritage buildings as opposed to more modern buildings (Henry, 2007).
Residents of heritage buildings in rural Sardinia for example, had different
seasonal use patterns for various areas of the house, depending on
temperature changes (Pili, 2017). In rural multi-family heritage buildings in
China meanwhile, reduced hot water and television use was identified,
compared with modern buildings (Li et al., 2012). This was considered to be
partly because of increased communal engagement through the use of
courtyard spaces for cooking and socialising. Some of these behaviours are,
of course, quite different from common lifestyles in the UK, but highlight
potential behavioural variations and intangible heritage values around

customs and behaviours.

The behaviours of heritage residents can sometimes utilise inherent low
energy aspects of heritage buildings, such as high thermal mass, active and
passive ventilation strategies and traditional shading/thermal features for
windows (Pender and Lemieux, 2020; Curtis, 2010; Henry, 2007). Non-
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permanent fittings can improve occupant comfort and reduce heat loss,
thereby reducing energy and carbon (Khan, 2018; Humphreys et al., 2011;
Curtis, 2010). The use of spot heating can reduce the need to heat the whole
building (Pan et al., 2018; Aste et al., 2016), by emphasising the goal of
keeping people, rather than buildings, warm (Humphreys et al., 2011).

In residential buildings more widely, studies have shown that residents often
negotiate creative and informal comfort practices, specific to their own
circumstances and context, although these are frequently given little
attention by policymakers (Hansen et al., 2018; Hampton, 2017). This could
include utilising different spaces at different times or making use of personal
insulation or personal heating systems. These types of behaviour are often
particularly found in buildings which are considered to be less energy
efficient. This is often attributed to residents being unable to pay for a
comfortable level of heating and therefore suffering from fuel poverty
(Sunikka-Blank and Galvin, 2012). However these practices have been
found, in some cases, to be positive choices, related to a sense of sufficiency
and frugality (Galvin and Sunikka-Blank, 2016; Royston, 2014), especially in
older buildings (Hansen et al., 2018; Madsen, 2018).

Behavioural alterations can have a greater impact on energy and carbon
reduction than physical retrofits, are less likely to negatively affect heritage
values and have a much lower financial cost (Berg et al., 2017; Harrestrup
and Svendsen, 2015; Gram-Hanssen, 2013, 2014). Understanding residents’
behaviour is therefore critical in attempts to reduce carbon from heritage
buildings (Berg et al., 2017; Fouseki and Cassar, 2014). Despite their
importance, behaviours are often considered to be outside the scope of
energy retrofit projects, which tend to focus on material changes (Abdul
Hamid et al., 2020; Rospi et al., 2017; Ascione, Cheche, et al., 2015; Akande
et al., 2014). A 2018 literature review highlighted the importance of
behaviours in all residential buildings and found that many behavioural
studies focus on functional aspects of behaviour, such as window opening,

heating, and air conditioning, with behavioural patterns around lighting,
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blinds and curtains, clothing levels and occupant locations in a space seldom

examined (Sadat Korsavi et al., 2018)

Instead some authors have framed residents’ behaviours as a barrier to
carbon reduction, suggesting that residents can engage in ‘wrong’ habits or
behaviours, which fail to match standard behavioural assumptions and are
therefore considered to increase energy use (Abdul Hamid et al., 2020;
Ascione et al., 2020; Pigliautile et al., 2020). However, evidence suggests
that in older buildings residents’ actual behaviours are more likely to result in
lower energy demand than standard assumptions because of their individual
heating practices (Kane et al., 2015; Sunikka-Blank and Galvin, 2012). The
need to consider residents’ specific requirements is also important, for
example older users or those with health conditions might require higher
temperatures, and those who work from home might need longer heating
hours (Cosar-Jorda et al., 2019).

Behaviours are complex, and predicting their influence on energy demand is
acknowledged to be challenging (Webb, 2017). However The International
Energy Agency (IEA) recently emphasised that required levels of global
carbon reduction will not be possible without individual behavioural change
across a broad range of activities (IEA, 2021). Understanding residents’
behaviours is therefore critically important. These behaviours, and residents’
interactions with their buildings and systems, are however rarely engaged
with in energy policies for buildings (Gram-Hanssen, Georg, et al., 2018;
Gram-Hanssen, 2014; Kohler and Hassler, 2012).

In summary, residents’ energy behaviours generally are acknowledged as
critical for determining building energy demand and have greater potential for
carbon reduction than many technical measures. Residents in all homes
have been found to engage in individual behavioural and comfort practices
and there is some evidence to suggest that heritage building residents may
be more likely to engage in specific practices and behaviours. Despite their
importance however, energy behaviours are often considered outside the

scope of retrofit projects and rarely included in retrofit policy. There has been



Chapter 2 Page 41

little research investigating specific behaviours in heritage buildings and
there is clearly a need for more research in this area to better inform policy

and practice.

2.5 Comfort perceptions

Heritage buildings are often considered to be energy inefficient and
uncomfortable to live in (Cabeza et al., 2018; Brostrdm et al., 2014). In this
context improving comfort is often identified as a key motivator for residents’
renovation decisions (Herrera-Avellanosa et al., 2019). Comfort perceptions
are also important drivers of energy behaviours, particularly in relation to
heating practices, which are the main source of energy and carbon

emissions from residential buildings in northern Europe (Berg et al., 2017).

An understanding of residents’ comfort perceptions is therefore important as
a driver for energy behaviours, and potentially, for retrofit. In the UK
however, the perceptions of residents have received little research attention
to either support or reject the view that heritage buildings provide poor
comfort satisfaction (Balvedi et al., 2018). One survey of UK residents did
show that fewer residents of pre-1945 homes were satisfied with their
thermal comfort in winter (72%) than those of post-2000 homes (95%)
(Bateson, 2018). However, in summer the opposite was true, with 89% of
pre-1945 residents satisfied, compared with only 76% in post-2000 homes.
This perhaps reflects the growing problem of summer overheating in modern
buildings in the UK, which seems likely to lead to increased energy use for
cooling systems (Ozarisoy and Elsharkawy, 2019; Adekunle and
Nikolopoulou, 2018; Jones et al., 2016).

In other countries, several studies have suggested that residents of heritage
or vernacular buildings may in fact perceive them to perform as well as, and
in some cases better than, more modern homes (Martinez-Molina et al.,
2016). A study in a warm and humid region of China compared the indoor
environmental perceptions of residents of “Tulou’ rammed earth heritage
buildings with those of modern rural buildings (Li et al., 2013). This found that
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the heritage building residents had higher perceptions of comfort than the
modern building residents across a range of indicators. Similarly, a
comparative study of naturally ventilated heritage buildings and modern, air
conditioned buildings in Libya, also identified higher satisfaction with thermal
comfort in the heritage buildings (Ealiwa et al., 2001), and a study of heritage
buildings compared with modern buildings in India also identified better
perceptions over three different seasons in the heritage buildings (Dili et al.,
2010). These perceptions of comfort are likely to affect both residents’
energy behaviours, and the retrofit options that they might consider
(Martinez-Molina et al., 2016). All of these studies were carried out in
relatively hot climates, so might equate better to UK summers. Winter
comfort in residential heritage buildings in cooler climates has received little
in-depth research attention which examines residents’ individual comfort

perceptions.

Literature reviews on thermal comfort in heritage buildings (Martinez-Molina
et al., 2016), and in buildings more generally (Rupp et al., 2015) have also
identified that naturally ventilated buildings are perceived to perform better
than mechanically ventilated buildings. Recent studies have highlighted the
importance of occupants being able to control their environment, and
suggest that if they have greater control they are likely to accept greater
thermal variations (Altomonte et al., 2020; Ortiz et al., 2020). Other reviews
have evidenced the need for the improved design of building systems and
management (Bordass, 2020; Brager et al., 2015). Meanwhile identifying that
much of the research on comfort has focussed on commercial buildings (Day
et al., 2020; Brager et al., 2015). Day et al highlight that building standards

may not be conducive to individual comfort:

Ultimately buildings are designed and built for people. However,
building systems are engineered to meet codes, standards and
guidelines, which does not necessarily correlate to occupant

satisfaction or comfort (Day et al., 2020, p. 11).

In particular, standards tend to be designed for ‘average users’ however as

Altomonte et al identify, very few users are in fact ‘average’ (2020).
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The importance of evaluating comfort perceptions pre- and post-retrofit have
also been identified (Bordass, 2020). Most comfort evaluations relating to
retrofit have been carried out for low-income households in the context of
externally funded schemes (Fisk et al., 2020). This focus on low-income
households, who are more likely to be suffering from fuel poverty and/or
occupying poor quality housing (Broderick et al., 2017; Teli et al., 2016; Hong
et al., 2009), may be one of the reasons that comfort is often identified as a
key driver for retrofit. There has been less research into the comfort
perceptions of higher income households.

Understanding residents’ perceptions of comfort before retrofit is particularly
important because of the rebound effect, where predicted energy savings
from retrofit do not materialise because of user behaviour (Sorrell et al.,
2018; Webb, 2017; Galvin, 2015). Improving comfort by increasing heating
temperature set points is a common direct rebound effect associated with
energy retrofits in all buildings (Sorrell et al., 2018). Studies of direct rebound
effects for retrofitting in the UK have found rebounds of up to 36% (Chitnis et
al. 2014; Galvin 2014; Sorrell et al. 2009). These figures tend to be higher
amongst those unsatisfied with their original comfort levels, which may be
related to fuel poverty (Sorrell et al. 2009). Where residents are satisfied with
comfort levels before retrofit, rebound effects may be significantly lower
(Aydin et al. 2017; Giraudet et al. 2021).

Perceptions of indoor environmental quality (IEQ) are generally examined
across a range of categories, including temperature, ventilation, air quality,
moisture, light and noise levels (Ortiz et al., 2020; Li et al., 2013), although
temperature and ventilation are the most commonly studied (Martinez-Molina
et al., 2016; Brager et al., 2015). As noted by a Malaysian study, people
have different thermal comfort ranges (Omar and Syed-Fadzil, 2011). This
can also depend on how much they adapt their behaviour to different
temperatures, such as wearing jumper and slippers in colder conditions,
indeed, studies have shown that personal insulation is one of the most

effective ways to improve thermal comfort (Shove, 2018). Insulation of
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extremities such as the use of slippers or gloves has been found to have a
disproportionately large effect on experiences of thermal comfort (Yang et
al., 2018; Humphreys et al., 2011). Tentative findings suggest that the use of
more clothing layers in winter may be linked to the age of buildings and be

more likely in households with higher education levels (Hansen et al., 2018).

The identification of thermal comfort conditions varying between people, is a
key part of the concept of adaptive thermal comfort, first developed by Nicol
and Humphreys (Nicol et al., 2020; Nicol and Humphreys, 1973), where
people use adaptive opportunities such as window opening, changing
location or altering levels of personal insulation to maintain comfort. People
also acclimatise to different conditions after a certain period and indoor
comfort perceptions are also linked to external conditions (Nicol et al., 2020).
Adaptive comfort strategies also highlight the positive psychological effect of
user control on comfort perceptions and emphasise that people can be

comfortable at a wide range of temperatures.

This concept has been contrasted with many of the steady state and narrow
temperature band models that have been used to inform building designs
and standards (Altomonte et al., 2020; Hellwig et al., 2019). Adaptive comfort
principles have however been used in European Standard EN16798, when
considering buildings that are in free running mode (not mechanically heated
or cooled) (BSI, 2019; Hellwig et al., 2019). Other authors have highlighted
evidence suggesting that adaptive comfort models should be extended at
least to mixed mode buildings, and potentially to mechanically conditioned
buildings as well (Parkinson et al., 2020; Carlucci et al., 2018). Altomonte et
al (2020) have also found that standards tend to aim for thermal neutrality
and steady states, whereas levels of increase thermal variation have been
shown to improve comfort perceptions and potentially also have health and
wellbeing benefits (Hellwig et al., 2019; Brager et al., 2015).

Adaptive comfort strategies are likely to have clear applicability to heritage
buildings. Indeed Humphreys et al produced guidance for Historic Scotland

examining some of the opportunities of utilising traditional features of
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heritage buildings and focussing on spot heating and personal heating
systems rather than heating whole spaces to high levels (2011). There is
increasing interest in the use of personal conditioning systems (PCS),
including individual heating, chair heating, wearable solutions and smart
textiles (André et al., 2020; Pan et al., 2018). Many of these utilise new or
emerging technologies, such as thermoelectric fans for stoves to help

distribute warm air around spaces.

There are also benefits from traditional and passive means of maintaining
thermal comfort (Pender and Lemieux, 2020; Khan, 2018). These include
making use of, or reinstating, traditional features such as interior shutters or
blinds for both winter and summer comfort (Curtis, 2010; Henry, 2007), with
studies suggesting that some window additions can reduce heat loss from
original windows to a level comparable with replacement with double glazing
(Litti et al., 2018; Curtis, 2010; Wood et al., 2009). Other features such as
timber panelling or cloth wall hangings meanwhile may have the potential to
reduce heat loss from occupants to cold wall surfaces and therefore increase
comfort (Khan, 2018; Baker, 2011). Meanwhile individual or localised heating
sources and the use of different spaces at different times and seasons can
be effective ways of increasing residents’ comfort perceptions in their
buildings and have many historic antecedents (Hawkes and Lawrence, 2021;
Pender and Lemieux, 2020). A study of heritage sensitive carbon reduction
for Hexham Abbey recommended offering visitors warm robes to wear to
reduce the need for heating (Pendlebury et al., 2014). These were inspired
by monks’ robes and were part of a suite of measures for carbon reduction,
alongside sensitively sited solar panels. This particular traditional solution
may not be suitable or acceptable for everyone but there may be
opportunities for some traditional measures to play a useful role in carbon

reduction and comfort improvement.

The potential of these types of measures to improve comfort, and therefore
potentially reduce carbon through reduced heating demand, may be
significant (Pender and Lemieux, 2020; Khan, 2018; Henry, 2007), and could

link in well with the informal heating and comfort practices that some studies
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have shown residents already engage in. However there is little research on
these types of measures and they are rarely considered in retrofit projects
(Pender and Lemieux, 2020), partly because they may be challenging to
model using standard tools (Pender, 2021).

Residents’ comfort perceptions are therefore a key driver of energy
behaviours and considered an important motivator for retrofit. Heritage
buildings are often considered to provide poor comfort; however studies from
a range of countries suggest that they may actually be perceived to perform
as well as, and in some cases, better than, more modern buildings by their
residents, especially in warm climates. It is probable that residents of
heritage buildings have perceptions and behaviours consistent with adaptive
thermal comfort strategies. There is limited evidence suggesting traditional
building features can have comfort benefits as part of both personal and
building level comfort systems. What is still missing is an understanding of
the perceptions of comfort of heritage residents in the UK and an
understanding of how these perceptions might be affected by their heritage

values.

2.6 Actual building performance

Heritage buildings are generally considered to be energy inefficient, as
previously mentioned (Pracchi, 2014). This is principally due to the
perception of very poor thermal envelopes compared with modern buildings,
and this can often be used as a justification for retrofit (Cabeza et al., 2018;

Rospi et al., 2017; Rasmussen et al., 2015; Brostrém et al., 2014).

However there is a growing body of evidence to suggest that some heritage
buildings have better performance than is often assumed (Pender and
Lemieux, 2020; Pracchi, 2014). A range of authors have identified that the
high thermal mass of heritage buildings, their natural ventilation, and their
design and layout for local microclimates are all reasons why they can
perform better than predicted (Hawkes and Lawrence, 2021; Gigliarelli et al.,
2016; Rye, 2015; Gagliano et al., 2014). Heritage buildings may have
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inherently low energy features, partly because many of them were designed
when energy was much more expensive and harder to access than in more
recent times (Cantin et al., 2010; Curtis, 2010). The use of traditional
shading, strategic window opening, and the use or reinstatement of other
traditional features such as light wells and ventilation shafts can reduce
energy use in warmer climates (Azmi and Ibrahim, 2020; Omar and Syed-
Fadzil, 2011; Thornton, 2011; Henry, 2007). These features can often reduce
or negate the need for air conditioning in hot countries which is a significant
energy consumer (Psomas et al., 2016; Cardinale et al., 2013; Henry, 2007).
Meanwhile traditional features such as external or internal shutters and storm
doors, as well as layouts benefitting from solar gain and locating buildings in
sheltered areas taking account of prevailing winds can reduce energy
demand in cooler climates (Hawkes and Lawrence, 2021; Berg and Fuglseth,
2018; Curtis, 2010).

In some cases, heritage buildings may even perform better than
contemporary buildings when measured data is compared. Two companion
studies of measured indoor environmental quality and energy performance
compared Tulou buildings (circular, rammed earth, multi-family heritage
buildings) with modern rural buildings in south-eastern China (Li et al., 2012,
2013). Environmental monitoring showed that, as well as perceived better
performance, the heritage buildings also had better measured indoor
environmental quality over a range of indicators, despite using 28% less
energy on average than the modern buildings. This was mainly attributed to
the Tulou buildings’ high thermal mass and good natural ventilation, which
reduced heating and cooling demands. A similar result was found by a
European field study which measured the thermal performance and energy
use of ten different French heritage buildings, compared with a reference
building constructed to modern French buildings standards (Cantin et al.,
2010). Four of the ten heritage buildings had an energy demand below or
similar to that of the reference building. The others had slightly higher
demand than the reference building but compared with the average French
residential building stock, the heritage buildings used between 38-71% less

energy per square meter per year. It would therefore appear that some



Page 48 Reducing carbon - retaining heritage

heritage buildings have better actual measured performance than is

generally thought.

2.7 Energy modelling of buildings

Assessments of building energy performance, retrofit decisions, and potential
energy and carbon savings are often informed by building energy simulation
models (Kane et al. 2015). A number of studies have found however that
standard energy models poorly reflect the actual fabric performance of
vernacular and heritage buildings (Cardinale et al., 2013; Ingram et al.,
2011).

Research by Pracchi (2014) compared standard and calculated u-values — a
measure of thermal transmittance through building elements — with actual
measured values, finding that for both brick and stone walls for 22 case
studies the actual walls had significantly lower u-values and therefore better
energy performance. Pracchi also used three different simulation models to
predict energy demand for three heritage churches in ltaly, identifying
overestimates of 52-63% compared to the actual energy demand. When in-
situ, measured u-values were used, the models still predicted 22-38% higher
energy demand. The author suggests that these discrepancies may relate to
a poor assessment of the buildings’ thermal mass and a lack of ability to
model the heating options and schedules used in the churches. The
importance of thermal mass (Cardinale et al., 2013; Goodhew and Giriffiths,
2005) and the overestimation of u-values in traditional construction have also
been identified by other studies (Chambers et al., 2020; Litti et al., 2018; Li et
al., 2015; Hulme and Doran, 2014; Baker, 2011). One of the reasons for this
discrepancy is that masonry walls, modelled as homogenous stone, may
actually have very diverse make ups, including high proportions of mortar
and air, and may be affected by varying densities and moisture levels
(Pohoryles et al., 2020; Li et al., 2015).

In addition to the better than predicted technical performance of heritage

building envelopes, the need to consider the varied behaviours of residents
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in order to make accurate predictions of energy demand has been
highlighted (Berg et al., 2017). For effective energy and carbon reduction
from retrofitting, clearly pre-retrofit energy use must be understood and, as
identified above, this is largely dependent on residents’ energy behaviours

(Kohler and Hassler, 2012). As eloquently stated by Gram-Hanssen:

Homes do not consume energy; people in homes with different types of

practices and different technologies consume energy (2014, p. 396).

A UK study identified that the Cambridge Housing Model (a UK energy
model used in government policy) was a good predictor of monthly gas use
for houses built after 1919 but significantly overestimated the energy demand
of those constructed before 1919 (Summerfield et al., 2015). The authors
highlighted the need for more accurate u-values and an increased
understanding of residents’ heating behaviours to reduce the discrepancy.
Actual behaviours should therefore be taken into account (Carratt et al.,
2020); however many energy simulation models use standard behavioural

assumptions in their assessments (Jain et al., 2020).

A key tool designed to assess the energy performance of buildings are the
models used across Europe and the UK to produce Energy Performance
Certificates (EPCs) (EU Directive, 2018). EPCs provide an energy efficiency
rating for buildings and are required whenever buildings are sold or let
(Department for Communities and Local Government (DCLG), 2017). EPCs
are designed to encourage energy efficiency improvements to the building
stock, and to identify potential energy and financial savings from
recommended retrofit measures (BEIS 2020a); however, their effectiveness
in developing retrofit practices has been questioned in many countries
(Bartiaux et al. 2014).

EPCs are also increasingly being used as a policy tool to mandate the
retrofitting of existing buildings through the use of minimum energy efficiency
standards (MEES). These standards require buildings to achieve a certain
energy rating before they can be sold or let and are part of the EU’s recent

building renovation strategy (European Commission, 2020). MEES based on
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EPCs have been applied in the UK for rented buildings and may be extended
to privately owned dwellings in the future (CCC, 2020; BEIS 2020a). The UK
modelling tool for producing EPCs for existing buildings is the Reduced
Standard Assessment Procedure (RASAP) (DCLG 2017). EPCs derived from
RASAP are often used to inform government funded retrofit programmes,
such as the Green Deal, the Energy Company Obligation and the recent
Green Homes Grant (BEIS 2020b; Glew et al., 2017; Shrubsole et al., 2014).

If models are inaccurate, however, then both environmental and financial
targets may not be realised, because if models start with a higher figure for
current energy use than in reality, the savings from subsequent retrofit will be
lower than modelled. Sunikka-Blank and Galvin (2012) described this as the
‘pre-bound effect’ as identified in their study of the German building stock.
This found an inverse correlation between actual and modelled energy;
older, and supposedly less efficient buildings consumed up to 40% less
energy than predicted by their EPC rating while newer and supposedly highly
efficient buildings consumed more energy than predicted. A large proportion
of this difference was attributed to residents’ behaviours not being reflected
in standard assumptions. These findings have been confirmed by other large
studies of the Dutch, Swiss and Danish housing stocks (Cozza et al., 2020;
Gram-Hanssen, Georg, et al., 2018; Majcen et al., 2013), calling into
question the ability of EPC simulation tools to accurately assess energy
demand from older buildings, and suggesting that reaching target ratings for
these buildings may not lead to the expected savings (Summerfield et al.,
2019). This is acknowledged by European Standard EN 16883 on improving
the energy performance of historic buildings, which identifies that standard
calculations are often inappropriate for heritage buildings and recommends a

tailored approach to energy modelling (CEN, 2017).

The types of retrofits recommended by EPCs and other standard models
may also not be appropriate for the traditional construction of most heritage
buildings and do not take the current condition of the building into account
(Alembic Research et al., 2019; Glew et al., 2017). Recommendations may

also fail to address the need to manage or remove previous maladaptions, or
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the need to take appropriate moisture management into account.
Maladaptions can include the use of impermeable materials, such as modern
cement on breathable buildings, and can lead to significant moisture issues
and damage to the building fabric (Glew et al., 2017; May and Giriffiths,
2015). Many older buildings have already suffered various maladaptions
(Whitman et al., 2019; May and Rye, 2012).

Many projects have been identified as approaching heritage retrofits in the
same manner and using the same techniques as they would for standard
retrofit projects (Sesana et al., 2019; Glew et al., 2017; Webb, 2017). This
approach tends to privilege technical energy efficiency improvements,
neglects residents’ values and behaviours, and views heritage values as a
barrier to the use of standard solutions (Lidel6w et al., 2019; Magrini and
Franco, 2016). Heritage buildings however have unique features and are
non-standard and context specific (Lideléw et al., 2019; Cellura et al., 2017;
Webb, 2017; Loépez and Frontini, 2014). The need to acknowledge current
building conditions also links to the positive performance aspects that
traditional features of heritage buildings may have and to opportunities to
utilise these features to reduce carbon in a heritage sensitive, or even
heritage enhancing, manner (Pender and Lemieux, 2020; Griffiths and
Goodhew, 2015; Curtis, 2010).

Evidence that heritage buildings may perform better than predicted does not
mean that energy and carbon from these buildings does not need to be
reduced. The need to mitigate climate change is such that carbon emissions
from all buildings must be urgently reduced, including those from heritage
buildings (IPCC, 2022b; Global Alliance for Buildings and Construction et al.,
2021; Cassar, 2009).

There is therefore only limited research in the UK relating to the energy
performance of heritage buildings compared with standard models such as
UK’s RASAP. Further research on the differences between actual and
modelled building performance would therefore be of value, especially to

identify the likely impact of the increasing use of MEES in UK and European
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policy. If models overestimate the actual energy demand from heritage
buildings, then savings from retrofit will also be overestimated, potentially

jeopardising both national carbon targets and personal financial viability.

2.8 Lifecycle carbon implications

All retrofit projects, as well as making operational energy and carbon savings
from reduced energy use for heating, cooling, and other uses, have an
embodied impact. This is the energy and associated carbon emissions
required to extract raw materials, transport them, manufacture them into
products, transport these products to site and install them, as well as any
maintenance or replacements required during the building’s lifetime and
finally the end-of-life removal and disposal (Figure 2.1). The lifecycle impacts
of a building are the sum of the embodied impact and the operational
impacts (Birgisdottir et al., 2017). A range of environmental impacts can be
considered in lifecycle assessment (LCA), including carbon emissions,
energy, land use, ozone depletion and water use. For buildings however
energy and global warming potential, commonly termed carbon and reported
in kilograms of carbon dioxide equivalent (kgCOze), tend to be the main
indicators reported (Pomponi and Moncaster, 2017; Moncaster and Symons,
2013). For a retrofit project, a similar calculation can be made but in this case
the retrofits will be assumed to be reducing the operational impacts
compared with pre-retrofit. The lifecycle impact of a retrofit project is
therefore the net impact of the embodied ‘costs’ and the operational ‘savings’
of the retrofit measures. If operational energy savings are not as high as
predicted by models, the embodied costs could outweigh them and have
been shown to increase lifecycle emissions in some cases (Asdrubali et al.,
2019; Pracchi, 2014; lyer-Raniga and Wong, 2012).
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Figure 2.1: Lifecycle stages for construction and retrofit

While the use of LCA for buildings is becoming more mainstream it is still
not commonplace. The calculation of lifecycle carbon is currently not
recognised in UK national policy, for example not being included in the UK
Government'’s recent Heat and Buildings’ strategy (BEIS 2021a), despite
many authors highlighting its importance (Pomponi et al., 2020; Moncaster et
al., 2019; Berg and Fuglseth, 2018). A number of European nations such as
Finland, Sweden and Denmark however have recently introduced embodied
carbon calculation requirements as part of building policies (Attia et al., 2021;
Kuittinen and Hakkinen, 2020).

What little research there is on embodied carbon and heritage buildings has
mainly focussed on whether retrofitting existing buildings, or demolishing
them and replacing them with new buildings, would make greater lifecycle
savings (Baker et al., 2017). Retrofit has much lower upfront embodied
carbon than demolition and rebuild (Moncaster et al., 2019; Berg and
Fuglseth, 2018) and a number of authors have demonstrated that it also has
lower lifecycle carbon (Baker et al., 2021; Redden and Crawford, 2021;
Historic England, 2020). Comparative studies of heritage buildings in various
European countries have shown that retrofit can lead to between 4 - 57%
greater lifetime carbon savings than demolish and rebuild (Marique and
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Rossi, 2018; Weiler et al., 2017; Ferreira et al., 2013). The saving is
dependent on the specific context; a Portuguese study of a heritage palace
found lifecycle carbon savings of 13% for retrofit, despite the need for
extensive concrete and steel reinforcement of the heritage building due to its

location in a seismically active area (Ferreira et al., 2015).

More generally, an international investigation of 80 case studies on
retrofitting existing buildings also identified that retrofit had around half the
embodied energy and carbon per metre squared of new build (Moncaster et
al., 2019). A small number of authors have suggested that the embodied
carbon already extant in heritage buildings should be included in calculations
as wastage if these buildings are demolished (Akande et al., 2014; Merlino,
2014). Most studies however consider this to be a historical ‘sunk cost’ and
only include the embodied carbon required for demolition and new

construction (Baker et al., 2017).

An additional consideration is the temporal aspect of emissions (Pomponi et
al., 2020). The greatest proportion of the embodied carbon cost is emitted
during the construction phase while the operational carbon savings are
spread across the lifespan of the building (Pomponi and Moncaster, 2017).
The time constraints on dramatically reducing carbon emissions, and the
danger of irreversible tipping points, mean that reducing embodied emissions
now, may be proportionally more critical than higher operational savings over
50 or 60 years (Berg and Fuglseth, 2018; Zhang and Wang, 2017). The
steady decarbonisation of electricity, and the planned decarbonisation of
heat, such as through the use of heat pumps, also mean that future
operational emissions will be lower (BEIS 2021a). The need for policies to
support retrofit have therefore been highlighted, for example by reducing
VAT on retrofit so that it is comparable or lower than new construction
(House of Commons Environmental Audit Committee, 2021; Smith et al.,
2021; Dubois and Allacker, 2015).

Despite the evidence that retrofit leads to lower carbon than the alternative of

demolish and rebuild, there is still a need to compare different solutions to
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assess the lowest lifecycle impact (Sesana et al., 2019; Rodrigues and
Freire, 2017). There is some evidence that embodied impacts affect the most
appropriate retrofit options and that in some cases smaller interventions may
actually be better, in lifecycle terms, than more extensive measures
(Asdrubali et al., 2019; Berg and Fuglseth, 2018; Kyriakidis et al., 2018). An
Australian study of eight heritage buildings found that double glazing with UV
film actually increased the buildings’ lifecycle energy by an average of 2%
(lyer-Raniga and Wong, 2012). In contrast, secondary glazing reduced
lifecycle energy by 2% and thermal curtains, which would have a much lower
impact on heritage values and lower financial costs, reduced lifecycle energy
by 3%. Meanwhile a study examining retrofits packages for an 80-year old
Italian school identified that the cost optimal package, which involved more
limited interventions, was significantly better in lifecycle carbon terms than
retrofitting to government standards or as a nearly zero operational energy
building (Asdrubali et al., 2019). Other studies have compared specific
heating systems (Lin et al., 2021) or insulation materials (Llantoy et al.,
2020), identifying that higher levels of insulation do not necessarily lead to
greater lifecycle savings depending on building and use characteristics
(Rodrigues and Freire, 2017)

There is also some limited evidence suggesting that traditional, natural and
local materials, such as wood, stone, and lime renders, have lower embodied
energy and carbon than more modern, highly manufactured materials
(D’Alessandro et al., 2017; Brandao et al., 2016; Bin Marsono and
Balasbaneh, 2015; Gong et al., 2012; Ip and Miller, 2012). Thermal lime
plasters for example were shown to have low embodied carbon and
significant thermal benefits for traditional adobe walls in southern Europe
(Kyriakidis et al., 2018). Many of these studies tend to focus on individual
material comparisons and often only cover cradle to gate impacts (Figure
2.1). A study commissioned by Historic Scotland identified the importance of
considering transport emissions and the benefits of using local materials,
especially for heavy materials such as stone (Crishna et al., 2010). These
traditional and local materials are also more likely to be sensitive to the
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heritage values of the building and may be more compatible with their
traditional construction (Berg and Fuglseth, 2018; Curtis, 2010).

A number of studies have also identified the importance of considering the
lifespan and durability of retrofits and their maintenance requirements as part
of LCA studies (Litti et al., 2018; Kayan et al., 2017; Chiang et al., 2015).
This includes studies on mortars (Pineda et al., 2017), paints (Kayan, 2017)
and cleaning products (Franzoni et al., 2018) for heritage buildings. A lack of
studies which assess the lifecycle maintenance of wooden components and
elements such as windows was identified. Litti et al highlight the need for
further studies on this topic although their own paper only considers
operational energy for a range of window alterations (Litti et al., 2018).

Meanwhile interviews with Australian building developers identified that they
felt little incentive to invest the time and effort in calculating embodied carbon
(Wilkinson and Remoy, 2017). The majority stated that this was not
something that they would engage in unless it was mandatory because it
was not something that their clients were demanding. Many authors have
identified the difficult and time-consuming nature of LCA studies but
emphasise their importance for gaining a full understanding of the whole life
carbon impacts of heritage building retrofits. (Berg and Fuglseth, 2018; Loli
and Bertolin, 2018; Grytli et al., 2012).

Several reviews have identified the need for embodied calculations for retrofit
to be included in energy policies (Lideléw et al., 2019; Zeng and Chini,
2017). The lack of inclusion of embodied and lifecycle carbon in tools,
policies and frameworks has also been identified by many authors (Lideléw
et al., 2019; Conejos et al., 2016; Ferreira et al., 2013; lyer-Raniga and
Wong, 2012). Sustainable certification schemes such as LEED and
BREEAM which do encourage the use of low carbon materials are generally
considered poorly suited to heritage buildings (Bertolin and Loli, 2018;
Balderstone, 2012). In recent years an increasing number of industry
organisations have however started to develop guidance, tools and optional

standards for measuring embodied carbon (Chartered Institution of Building
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Services Engineers (CIBSE), 2022; London Energy Transformation Initiative
(LETTI), 2020; Royal Institution of Chartered Surveyors (RICS), 2017). The
EU is also encouraging a consideration of lifecycle impacts as part of its
recently released ‘Levels’ framework (European Commission, 2021) and
some UK nations and regions have included embodied carbon
measurements in their local plans or policies (for example, Greater London
Authority, 2021; Welsh Government, 2021). These developments are
positive but there is still a need for greater policy recognition and assessment
of lifecycle carbon at a national and international level (Moncaster et al.,
2019).

A lifecycle perspective which considers embodied, as well as operational,
carbon, is therefore required to fully understand the environmental impact of
retrofitting or new build. Retrofit has been found to have lower embodied and
generally lower lifecycle carbon than demolish and rebuild. There would
therefore appear to be a strong case for retrofit over demolition and rebuild in
lifecycle carbon terms as well as for heritage retention. There is evidence to
suggest that including embodied carbon in assessments affects the
identification of the most appropriate retrofit measures, with some measures
having the potential to actually increase lifecycle impacts. It is likely that
some traditional and local products will have lower embodied impacts than
more technical measures and these types of changes may also be more
compatible with the values and construction of heritage buildings. There is a
general lack of policies mandating the measurement of embodied carbon at
a national or international level across the UK and Europe, although some
countries have recently taken steps towards regulating embodied carbon.
Currently heritage retrofit studies mostly focus on operational effects, with
few calculating lifecycle impacts (Loli and Bertolin, 2018; Webb, 2017;
Munarim and Ghisi, 2016). This is a significant research gap (Berg and
Fuglseth, 2018; Pracchi, 2014).
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2.9 Summary of research gaps

The tangible and intangible values that residents invest in their building often
differ from those recognised in planning policy. These policies, and the
heritage retrofit literature, similarly neglect to consider the specific values of
residents. These values affect residents’ retrofit decisions and are important
for carbon reduction since the majority of residential retrofit in the UK is
resident led. A greater understanding of the heritage values that residents
invest in their buildings is therefore important to inform and support residents’

decision making.

However, a range of barriers to residential retrofitting have been identified,

including access to trustworthy and context specific information, the upfront
cost of measures, finding appropriate tradespeople, disruption and the time
or capacity to plan or manage retrofit processes. These barriers have been
identified as important but so far have not been researched in any depth for

heritage building residents.

While fabric retrofit is important for all buildings to reach global climate
targets, energy behaviours will also have a key role to play. These
behaviours are of critical importance to energy demand in buildings, with
evidence that they can have a greater effect on energy than some technical
measures. Such behaviours are generally overlooked in policy and in much
of the retrofit literature, with standard assumptions used that sometimes bear
little resemblance to residents’ actual behaviours. There are suggestions that
residents’ behaviours in heritage buildings may differ to those in more
modern buildings, but this has not been investigated in northern Europe

where the behaviours of heritage residents are poorly understood.

Interlinked with residents’ energy behaviours are residents’ perceptions of
comfort within their buildings, which may also be a motivation for retrofitting.
Heritage buildings are commonly considered to be uncomfortable to live in
but, in contrast to this general belief, evidence from a number of studies

suggests that, in some circumstances, they are perceived to perform better
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than more modern buildings by their residents, whose behaviours and
perceptions may be more compatible with adaptive comfort strategies.
However much of the research in this field has focussed on commercial
buildings and there is very little research into residents’ comfort perceptions

in heritage buildings in the UK.

There is also evidence that, as well as being perceived to perform better than
generally acknowledged, some heritage buildings have better than expected
actual performance, and many of the original features of heritage buildings
can have inherent, low energy aspects, which could potentially be utilised to
reduce energy demand. The technical performance of these buildings and
their residents’ behaviours however, appear to be poorly represented in
some energy simulation models, commonly leading to overestimations of
energy demand. Energy Performance Certificates, which are increasingly
being used by the EU and UK as policy tools to encourage energy
retrofitting, appear to poorly represent older buildings across several
countries, although there have been limited studies focussing specifically on
heritage buildings.

Finally, the effect of embodied impacts on the lifecycle carbon of retrofitting
heritage buildings has been found to be of critical importance, although
generally overlooked. When a lifecycle perspective is taken, retrofitting
makes significantly greater savings in carbon terms than demolish and new
build. Taking embodied carbon into consideration can also affect the choice
of retrofit option. Measuring embodied carbon is generally now
acknowledged as important and is starting to appear in some countries’
building regulations but is still uncommon in the heritage retrofit literature,
with little research into the embodied impact of different retrofit measures

and a focus on operational impacts.

In order to achieve real carbon reduction from heritage buildings, a number
of interlinked areas for further research are therefore crucial. These areas
relate to both residents’ heritage values, retrofit barriers, energy behaviours

and comfort perceptions, and to how the actual performance of heritage
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buildings are reflected in standard models and the importance of assessing
the lifecycle, not just operational impacts. There are also a number of
interdependencies. One example is residents’ energy behaviours in heritage
buildings, which are influenced by residents’ comfort perceptions and in turn
influence the energy demand of the building. These behavioural aspects are
neglected in standard models, as is the thermal performance of heritage

materials.

These areas and the links between them suggest that there is a significant
need for investigation of the relationship between residents and their
buildings in the context of retrofit for carbon reduction and particularly for
vernacular and heritage buildings.

2.10 Research aim and questions

This research therefore aims to investigate the potential for realistic carbon
reduction from vernacular residential buildings while retaining their heritage
values, by examining the views, values and behaviours of their residents, the
reflection of actual energy performance in energy models and the lifecycle
potential of retrofit measures. Three specific research questions and eleven

sub-questions have been developed to frame this research (Figure 2.2).
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Figure 2.2: Research aims and question tree

Vernacular buildings will be examined in this research and will be considered
to be heritage buildings if their residents invest values in them. A focus on
heritage buildings would lead to confusion about whose values were being
recognised. As this research focusses on residents’ heritage values rather

than those recognised by policy, vernacular buildings will be considered.

Question one, ‘How do residents experience, and behave in, their vernacular
buildings’ addresses the role of residents. This includes five sub-questions
on the types of values that they invest in their buildings (1a), how they
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perceive comfort in their buildings (1b) and the types of behaviours that they
engage in (1c), as well as the acceptability of retrofit measures (1d) and

perceived barriers to carbon reduction (1e).

Question two, ‘how does the actual and modelled performance of these
buildings compare,’ investigates their buildings. Identifying the actual energy
demand of these buildings (2a) and how this compares with predictions from
standard energy models (2b), while also considering the abilities of models to
create representative baselines for these buildings (2¢). Question two, and
sub-question 2a in particular, will be informed by sub-question 1a because
energy demand is strongly influenced by residents’ behaviours. The answers
to these two questions will develop an understanding of the current status of
these buildings in terms of energy use, comfort, performance and residents’

views and values.

Question three, ‘what is the potential energy and carbon impact of different
retrofit measures,” then examines the options for future carbon reduction by
assessing the implications of a range of retrofit measures for carbon
reduction and heritage retention, using the understanding of actual building
performance developed in question two. The sub-questions consider the
operational, embodied and lifecycle carbon of individual measures (3a) and
the lifecycle impact of these measures in a variety of combined packages
(3b). These packages are then related back to the experience of residents
identified in question one by considering how likely it is that they might be

enacted by residents in reality (3c).

In combination, these specific research questions address the overarching
aim and support reducing carbon from vernacular buildings while retaining
their values. These research questions address a range of both social and
technical aspects of heritage buildings and their residents, meaning that a

research design utilising a range of different methods is required.

Some material in this chapter has been previously published in (Wise et al., 2019)
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Chapter 3. Research Design and Methods

3.1 Research design

The ‘worldview’ adopted for this study was classical pragmatism. A
worldview encompasses both the ontology and epistemology of the research
and the general attitude to the nature of research by the researcher
(Creswell and Creswell, 2018). A classical pragmatic approach is considered
to have a good fit with multiple methods which address a variety of questions
(O’Sullivan and Howden-Chapman, 2017; Morgan, 2014). Classical
pragmatism steps across the epistemological divide between positivism and
interpretivism, and their typical associations with quantitative and qualitative
data respectively, and argues that the best method is the one most
appropriate to answering the questions under consideration (Morgan, 2014;
Biesta, 2010). In particular, pragmatism acknowledges that what holds true in
one circumstance may not be the case in another and will be, at best, a good
working theory (Simpson, 2018).

Pragmatism advocates the use of an abductive research logic which involves
a mix of hypothesising, exploratory research and redeveloping the
hypothesis through a number of iterations, depending on the practical
realities of the results (Simpson, 2018). As part of this approach the need for
critical reflection is identified as a vital element in creating meaningful
knowledge (Coghlan and Brydon-Miller, 2014). A pragmatic approach was
therefore considered appropriate to this study, with its compatibility to
abductive logic and multiple methods deemed useful for the varied nature of
the issues considered.

This research utilised a case-based design. According to Yin (2014, p. 15),
this design is appropriate where the aim is to empirically examine complex
and contemporary phenomena in depth, and where there are likely to be
contextual elements which are pertinent to the phenomena investigated.
Case-based research is useful where the case itself is an entity of interest, in

addition to its individual components (Byrne, 2020). This is relevant in the
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context of the research questions which consider the interaction between a
range of different aspects affecting heritage retrofit as well as the aspects

themselves.

Case study research can be applied at numerous different scales, including
individuals, institutions, areas, ecosystems, economies or countries (Byrne,
2020) although the methodological literature tends to focus on studies of
social phenomena (such as Yin, 2014; Byrne and Ragin, 2009). The use of
case studies has been identified as one of the most prevalent designs for
heritage building research (Lideléw et al., 2019; Webb, 2017). Much of this
previous research however tends to focus on technical case studies of
building retrofit and does not consider their occupants. In contrast, and to
address the research questions, the research in this thesis investigated both
the technical aspects of the building and the values, views, and behaviours

of the building’s residents.

Case based research is considered particularly valuable for capturing the
richness and detail of phenomena in specific, real world contexts and for
allowing multiple points of evidence to be used (Yin, 2014). This type of
research is also well suited to examining complex topics that require a range
of different research methods (Byrne and Ragin, 2009). Research using
mixed methods has the potential to add both breadth and depth of
understanding to the topics investigated and to provide opportunities for the
corroboration of different sources of data (Theirbach et al., 2020; Doyle et al.,
2016). Given the diverse aspects that appear to influence the opportunities
and challenges for carbon reduction with heritage retention from vernacular
buildings, a multi-disciplinary and mixed methods approach is desirable. A
range of different methods were therefore used within the case study design
to provide multiple evidence points and to best answer the research

questions and aim.

Evidence gained from case study research is context specific, although it is
recognised that conclusions can often be generalisable to other similar

circumstances beyond the specific context (Byrne, 2020; Gomm et al., 2000).
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Flyvbjerg (2006) emphasises the importance of context dependant
knowledge and the suitability of case studies for developing this experience
based learning. Byrne (2020) highlights the need to consider which aspects
of case research findings are likely to have wider applicability and in what
contexts these are likely to apply. This fits well with a pragmatic worldview
which highlights the importance of experiential learning, context specific

research and reflection (Morgan, 2014).

Given the contextual nature of vernacular buildings (Herrera-Avellanosa et
al., 2019), the County of Cumbria in northwest England was chosen as the
overarching case for the research. Cumbria is a mainly rural, upland and
coastal region and is also one of the most geologically diverse areas of the
UK, with a complex geological history most recently shaped by glaciation
(Lake District National Park Authority, 2018; Brunskill, 2010). This means
that the historic built environment uses a diverse range of materials across
the county and different areas have distinctive local characters (Brunskill,
2010; Denyer, 1991).

The architecture in eastern and central Cumbria (Figure 3.1) is mainly
farmstead and villages, dating from the 17" century, while there is more
industrial heritage on the west coast, southern Furness peninsular, and in the
city of Carlisle (Brunskill, 2010). The late 18" and early 19" centuries saw a
significant construction boom due to the growth of tourism inspired by the
birth of the romantic movement (Denyer, 1991), and the visitor economy is
still a major factor, with over 24% of houses in the Lake District National Park
holiday lets or second homes (LDNPA, 2018). The Lake District National
Park was recently inscribed as a Cultural Landscape World Heritage Site
(WHS) for its outstanding natural and built environment (LDNPA, 2020).
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Figure 3.1: Map of Cumbria

This area was chosen as it has a high proportion of vernacular buildings, with
a range of different characters and styles providing a good level of variation
within a geographically bounded area. This diversity could be
disadvantageous because it may be more challenging to identify themes
across different building types. However, it is also advantageous, because if
findings do apply across this varied context, it is likely that they will have
broader general applicability. The presence of the cultural landscape WHS
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also identifies a range of potential heritage values (LDNPA, 2020).
Furthermore, there is an emphasis on urban heritage buildings in much of
the literature (for example, Eriksson, 2018; Sunikka-Blank and Galvin, 2016)
and the generally rural nature of Cumbria provided a useful investigative
context of a more dispersed historic environment. In addition, personal

knowledge of the area and local contacts were beneficial for the research.

Within the overarching case study a number of data sources were developed
and, as part of the abductive approach, a sequential (Theirbach et al., 2020)
and multiphase research design was used (O’Sullivan and Howden-
Chapman, 2017). First, a broad overview of vernacular buildings and their
residents in Cumbria was developed through a survey of residents, and
through examining secondary data on the Cumbrian built environment.
Within this broader context a number of what Yin (2014) terms ‘embedded’
and Olsen (2009) calls ‘nested’ case studies, were then examined. These
nested studies investigated individual households and their buildings in
greater depth than could be achieved with the larger scale survey. A variety
of methods were used to develop an understanding of the current actual
performance of each building, and how residents experience and behave
within it, before the potential of a range of retrofit measures were assessed
for their ability to reduce carbon while retaining heritage. The use of multiple
nested cases within the larger study provided the opportunity for a multiple
case design which is considered beneficial for examining the wider
applicability of findings and increasing the rigour of the research process
(Yin, 2009, 2014). The Cumbrian specific data was also compared with
national information on energy use in residential buildings and other relevant
secondary data, such as average floor areas and fuel types, and was
informed by the UK policy landscape. The research design is summarised
diagrammatically in Figure 3.2, while specific details on individual methods

are discussed in the following sections.
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Figure 3.2: Overview of research design and individual methods

In summary, a case study research design was considered to be a good fit
with the contextual and specific nature of vernacular buildings. This research
examined a specific context but has findings that are applicable beyond this
context. The use of mixed methods in a multiphase research design provides
opportunities for multiple data points and the corroboration of results. This is
compatible with the abductive research methods advocated by a pragmatic

world view. The use of a range of methods can help to develop a fuller
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understanding of complex issues. This research design therefore helped to

address the research questions and aim.

3.2 Survey research

The first research method was an exploratory survey directed to residents of
vernacular buildings across Cumbria. Surveys generally involve
qguestionnaires that can be filled out on paper, via telephone or, more
commonly now, online (Ruel et al., 2016). Surveys are identified by Yin
(2014) as being useful for answering questions about what, where, and how
many. Surveys are valuable for gaining a broad view of a topic and for
answering well defined questions (Ruel et al., 2016). One of their chief
benefits is that a larger sample size is possible than for more in-depth
methods such as interviews (Theirbach et al., 2020; Andres, 2012). Surveys
can seek statistical generalisability, which is based on sampling which aims
to select a ‘random sample’ which is representative of the ‘population’ under
study (Andres, 2012). This generalisability is different to what Yin (2014)
terms analytical generalisability, which is the likelihood of results in one

context applying to other similar contexts.

There are many barriers however to achieving a truly random sample, such
as accessing sufficient data about the population under study to be able to
identify an appropriate sample (Ruel et al., 2016; Andres, 2012). There is no
data, for example, on how many buildings in Cumbria were constructed
before 1940, so identifying a statically representative sample of these
buildings would be problematic. Therefore, in this research, the survey was
not designed to provide statistical generalisability but rather to provide
analytical generalisability and an understanding of the views, values and
behaviours of a larger number of residents than that which could be achieved
through individual interviews (Andres, 2012). The survey in this research can
therefore be termed an exploratory survey, which provided breadth for
investigating the research questions, while the nested case studies provided
depth (Theirbach et al., 2020; O’Sullivan and Howden-Chapman, 2017). It

also helped to corroborate or challenge the findings of the nested cases
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because the survey examined similar topics for a larger number of residents,
thereby increasing the analytical applicability of the research findings
(Theirbach et al., 2020).

Survey design

The survey was developed for online distribution and was targeted to
residents of vernacular buildings. The research was described as
investigating energy, carbon, and heritage values. No mention was made in
publicity of ‘heritage’ or ‘vernacular’ buildings, only ‘older Cumbrian buildings’
S0 as not to discourage any respondents who might have particular
definitions of these terms. Older buildings were described as those

constructed before 1940 as these were highly likely to be vernacular.

Five scoping interviews were undertaken with Cumbrian conservation and
sustainability professionals to inform the survey development and identify
key areas of interest in the local context. All interviews took place in person
at each professional’s place of work. The interviews lasted between one and
two hours and the interview schedule and participant consent form are
available in Appendix A. These interviews highlighted confusion in the
definition of heritage buildings, and the perceived importance of planning
policies, especially within the National Parks. Local materials were identified
as important to a Cumbrian setting and tensions between retaining heritage

and retrofitting to reduce carbon, were confirmed as important.

Eight sections were created, informed by the interviews and literature review
(Figure 3.3). The full survey can be seen in Appendix B. Surveys can include
both closed questions with pre-set answers which can be analysed
numerically and open questions which can be analysed more qualitatively
(Theirbach et al., 2020). As is common with surveys, most of the questions
were closed. Each section also contained at least one open question to
encourage respondents to elaborate on the pre-set answer in their own

words, or to provide further pertinent details (Theirbach et al., 2020; Yin,
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2014). Almost all questions also had an ‘other’ option to allow for variation

from the pre-set answers if required (Andres, 2012).

Figure 3.3: The eight sections of the survey

The first page of the survey set out the study information, provided
researcher contact details, and requested informed consent to participate in
line with Open University research ethics procedures. The survey was fully
anonymous, and no identifying personal details were gathered. It was
approved by the Open University’s Human Research Ethics Committee
(HREC). The first page also included a question on whether respondents
were happy for data such as anonymous quotes from the survey to be
shared in publications and/or presentations. The survey was designed using
the JISC online survey tool, which is fully compliant with the General Data
Protection Act (GDPR) and stores all data within the EU.

The requested building details included: the age of the respondents’
buildings; building form (detached, semi-detached, etc); building type
(cottage, townhouse, castle etc); building designation (Listing, National Park
etc); whether it was owned or rented; and the district of Cumbria, to form a
picture of the types of buildings that respondents occupied and to provide
comparison with secondary data on the Cumbrian built environment. There
was an option in the district question of ‘Not in Cumbria’, if respondents
ticked this, they were redirected out of the survey to a page thanking them
for their time but explaining that this research focussed on Cumbria.

Section six asked respondents to consider a range of retrofit options and
indicate whether they already had them, or if they would be willing, might be

willing or would not be willing to enact each measure. The list of measures
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was developed from the literature on heritage retrofitting and included both

fabric (Table 3.1) and system improvements (Table 3.2).

Improvements to the building fabric through the addition of insulative
materials is one of the most common energy retrofit measures (Carratt et al.,
2020; Fisk et al., 2020; Sesana et al., 2019). Insulation can be added to all
the main opaque elements of a building, including walls, floors, and
roofs/lofts. The insulation of solid walls is often a key measure for reducing
energy demand from vernacular buildings. However it may also have a
significant impact on the building’s heritage values and its ability to manage
moisture (Glew et al., 2017; Bristol City Council, 2015; Harrestrup and
Svendsen, 2015). Both internal and external insulation were considered as
they have different potential benefits and challenges in terms of heritage
values, practical issues such as space reduction, and hygrothermal risks to
the building fabric (Morgan, 2019).

After wall insulation, improvements to the performance of windows, either
through replacement or alteration, is considered a key retrofit measure for
older buildings although it can also be a significant source of tension with the
retention of heritage values (Ginks and Painter, 2017; Bakonyi and Dobszay,
2016). The benefits of window replacement in reducing heat loss are often
highlighted, although in designated heritage buildings the replacement of
windows is frequently prohibited (Curtis, 2010). Research has indicated that
traditional additions to windows such as curtains and shutters, or the use of
secondary glazing, may have similar heat loss reduction potential as window
replacement (Litti et al., 2018; Bakonyi and Dobszay, 2016; Wood et al.,
2009). Both window replacement and several window additions were

therefore considered.

The air permeability of buildings is a key aspect in their energy performance
(Hubbard, 2011). Studies have found that draught proofing activities such as
closing off chimneys and draught stripping windows, doors, and floors can

significantly reduce uncontrolled air infiltration (Gillott et al., 2016; Teekaram,

2013), although adequate ventilation pathways must be maintained (Morgan,
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2019). Finally some studies have identified the potential benefits of wall
hangings for reducing energy and improving comfort (Khan, 2018; Pracchi et
al., 2017). There is limited research on this topic but significant historic
precedent to suggest its validity (Pender and Lemieux, 2020; Khan, 2018).

Wall hangings were therefore included in the list of potential retrofit

measures.

Table 3.1: Fabric improvement measures

Fabric improvement measures

Reference studies

Loft or floor insulation

(lyer-Raniga and Wong, 2012)

Floor insulation

(Glew et al., 2019)

Internal Wall Insulation

(Bjarlav et al., 2015; Harrestrup and
Svendsen, 2015)

External Wall insulation

(Jensen et al., 2020; Zagorskas et al., 2014)

Window replacement with wood,
metal or UVPC frames

(Litti et al., 2018; Menzies, 2013)

Secondary Glazing

(Bakonyi and Dobszay, 2016; Curtis, 2010)

Interior or exterior shutters

(Bakonyi and Dobszay, 2016; Wood et al.,
2009)

Thermal curtains

Wood et al., 2009)

Draught proofing

Gillott et al., 2016; Wood et al., 2009)

Chimney balloons

Hubbard, 2014; Teekaram, 2013)

(
(
(
(

Thick wall hangings Khan, 2018; Pracchi et al., 2017)

The other common area of retrofit interest is the improvement of building
energy systems and the decarbonisation of energy sources through
renewable technologies (Fisk et al., 2020) (Table 3.2). Several authors have
examined the opportunities for the heritage sensitive use of solar PV and
solar thermal panels for heritage buildings as they can have a clear visual
impact (Cabeza et al., 2018; Cellura et al., 2017; Lopez and Frontini, 2014).
Other micro-renewables can include hydropower, and ground, air, or water
source heat pumps which are an area of increasing policy focus because of
their potential to decarbonise heat (BEIS, 2021a). The use of biomass boilers

is also a potential measure to decarbonise heat (Rafique and Williams,
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2021), although its sustainability is dependent on the source of the biomass.
Biomass may be more appropriate in rural areas such as Cumbria (BEIS
2021a). Other common improvements, often promoted by government
initiatives, are the replacement of current boilers, lights, and appliances with
more efficient models (Shove, 2018) although it is expected that many
respondents may have already enacted such measures (Gram-Hanssen,
Georg, et al., 2018).

Table 3.2: System improvement measures

System improvement measures Reference studies
Solar Photovoltaic panels (Lopez and Frontini, 2014)
Solar thermal panels (Cabeza et al., 2018)

Air, ground, and water source heat (Cabeza et al., 2018)

pumps

Hydropower turbine (Pokharel et al., 2020)

Energy efficient lighting (Cellura et al., 2017)

Energy efficient appliances (Morgan, 2019)

Boiler replacement (Hamilton et al., 2016; Tagliabue et al., 2014)

A final page of the survey asked if respondents would care to be involved in
further research and have their building developed as a nested case study.
Respondents were encouraged to contact the researcher on the email
address provided if they were interested. This option was preferred over
having respondents provide their own contact details, as it reduced
unnecessary handling of personal information. As well as being a method in
its own right, the survey therefore also acted as a tool to help develop nested

case study opportunities.

Survey piloting

The use of piloting has been identified as an important strategy to help
develop data collection methods (Yin, 2014). Piloting can provide
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opportunities for testing and reflection on methods and on practical and

logistical aspects (Yin, 2014).

The survey was piloted with a number of Open University academics and
Cumbrian vernacular building residents. This process helped to ensure that
the language of the survey was clear to a non-specialist audience and
identified areas which needed clarification. It also highlighted some different
ways that the questions were understood. This was an iterative process;
initial pilots, sometimes called ‘pre-testing’ (Ruel et al., 2016), were done in
person with the researcher and physical copies of the survey, and questions
took the form of an informal discussion and instant feedback as participants
went through the survey. After further development from this feedback, later
pilots involved participants remotely accessing the actual online survey and
giving feedback on the usability of the tool as well as the questions’ content.
This iterative process helped to develop both the content and the ease of
use of the survey and provided time between stages for critical reflection.
Piloting has been identified as particularly important for surveys because
respondents do not have the same opportunity to request clarification as they
do with other ‘in person’ methods (Ruel et al., 2016; Sapsford, 2007).

Survey distribution

The survey ran from the 28" of October 2019 to the 10" of January 2020. It
was shared via the snowballing technique (Sapsford, 2007) and contacts
were made with a number of organisations in October and November 2019
who were asked to share details with their members (Table 3.3). The survey
was also shared with local personal contacts and leaflets were displayed at a

local museum and taken to three local events.

Table 3.3: Organisations approached for survey distribution

Organisation Brief description Type of contact Result

Cumbria Action Local sustainability Personal contact Shared on two

for Sustainability organisation in person and via occasions in electronic
(CAfS) email newsletter (01/11 and

01/12 2019)
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Organisation

Brief description

Type of contact

Result

Friends of the Organisation In person Shared with members

Lake District dedicated to communication in electronic newsletter

(FOLD) conserving the Lake  at offices (date unknown)
District's character

Cumbria Local interest group ~ Email Emailed to members

Vernacular communication (date unknown)

Buildings Group to secretary

ACTion with Rural community Personal contact Announcement and

Communities in council and rural leaflets during

Cumbria community community buildings

development
organisation

sustainability workshop
(28/10/2019)

Association of
Environmentally
Conscious
Builders (AECB)

Cumbrian group of
the national AECB

In person
communication
at event

Leaflets at event and
information shared with
contacts (October)

Kendal Museum

Local museum

Personal contact

Leaflets displayed at

in person museum and shared at
event for volunteers
(November 2019)
Society for the National Email with No response
Protection of organisation named

Ancient Buildings
(SPAB)

introduction

National Trust

National
organisation which
rent out a lot of
residential property
in Cumbria

Email with
named
introduction

No response

Information leaflets providing an invitation to participate and a link to the

survey were also hand delivered to 750 older buildings across Cumbria

(Figure 3.4 and Figure 3.5). These leaflets were delivered in the evening and

at weekends when potential respondents were considered most likely to be

receptive to completing the survey. A dynamic assessment was made of the

likely age of each property based on its external appearance and leaflets

were only delivered to those that appeared to have been constructed before

1940, or where residents were in gardens and could be consulted. Leaflets

were only delivered to homes that appeared to be permanently occupied, not

to the high numbers of holiday and second homes in Cumbria.
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Figure 3.4: Survey information and invitation leaflet (L front of leaflet, R back
of leaflet)
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Figure 3.5: Survey invitation leaflet distribution

As a result of the varied distribution channels, it was not possible to
determine how many people in total had the opportunity to complete the
survey. 484 people accessed the first page of the survey, 37 dropped out
part way through the survey, and one person was screened out because
they did not live in Cumbria. In total 147 respondents completed the whole
survey and submitted their responses. Respondents were submitted by
residents across Cumbria with a range of different building types and ages
which were reasonably representative of the Cumbrian building stock
(Appendix K).
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Survey analysis

Many forms of statistical analysis can be used to assess the numerical
results of surveys (Ruel et al., 2016; Andres, 2012). However, if surveys are
not designed to be statistically representative then only limited statistical
analysis is considered appropriate. This includes the development of
descriptive statistics, cross-tabulations and basic inferential statistics
(Andres, 2012; Sapsford, 2007). The use of more complex inferential
statistics such as multivariate analysis or regression analysis is generally
deemed inappropriate for non-statistically representative survey research
(Andres, 2012; Sapsford, 2007).

The survey data was exported into SPSS (IBM Corp, 2017) where it was
cleaned, and descriptive statistics were produced. Various cross tabulations
and a small number of inferential statistics (using independent sample t-tests
and Mann-Whitney U tests) were developed for key results to help inform the
descriptive analysis. Free text responses to open questions were imported
into NVivo (QSR International Pty Ltd, 2019) where they were analysed
thematically. Five respondents asked for their free text comments not to be

published and this request was honoured.

As part of the sequential and abductive research design, the survey informed
the selection of the nested case studies, questions for the nested case
interviews, and the development of the energy diaries.

3.3 Nested case studies
Nested case piloting

An additional case was selected as a pilot for the interview, retrofit matrix
and building tour elements of the nested case study. This pilot helped to
develop the interview questions and confirmed the ability of the building tour
to provide rich and relevant information. It also provided thorough testing of
the recording equipment and retrofit option matrix. The pilot participants were
asked for their feedback on the process, which helped to refine the interview
questions. The audio recording was transcribed, and a summary was created
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to test the transcription process and to enable reflection on the quality of the
data. Reflection on this piloting and the data from the survey led to the
development of energy diaries for participants to complete, thus increasing
the understanding of residents’ energy behaviours. This was consistent with
the abductive research design. Data from the pilot case study on heritage
values was included in Chapter Four, other pilot data was not included as the

qguestions and methods developed between the pilot and rest of the cases.

Nested case recruitment

The nested case study participants were recruited from the respondents to
the survey who were invited to contact the researcher if they were interested
in taking part in further research. Nested case participants were not linked to
their survey response, which was completely anonymous. 24 respondents
expressed interest in being a nested case and, after assessing initial
information, this number was reduced to 18. It was decided that all those
who were willing to take part would be developed as case studies to cover a
diverse range of building types, ages, locations, household compositions and
energy demand and to explore the research questions in a range of different
contexts (Yin, 2014). This selection was consistent with Flyvbjerg’s (2006)
theory of maximum variation selection, meaning that if findings held true
across the various nested cases then they were highly likely to have wider

applicability.

Prospective participants were given information about the process and had
the opportunity to ask questions before signing the ethical consent form
which was approved by the University’s ethics committee (for information

sheet and consent form see Appendix C).

As a result of the Covid-19 pandemic two participants dropped out during the
research process. A total of 16 nested case studies were therefore
developed. For simplicity the nested case studies will be referred to just as

‘case studies’ or CS throughout the remainder of the thesis and the case
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study of Cumbria will be delineated as the ‘overarching case study’ (Table
3.4 and Figure 3.6).

Table 3.4: Summarised details of nested case studies

Nested Location Building age Description Heating Household
Case and system
study designation
PCS1* Rural, C.1676 Former farmhouse, Biomass (4) 2 adults,
South Undesignated, limestone central working. 2
Lakeland  Corner of L heating. children
shaped under 15
farmstead
CS1 Hamlet, 1820s with Georgian Squire’s  Qil central (2) 2 adults,
Eden earlier elements house. Sandstone  heating retired
Grade Il Listed.
Semi-detached
CS2 Rural, 1740s. Grade Miller’s cottage. Storage (2) 2 adults,
Lake II* Listed Pink granite heaters with  working
District curtilage. hydropower
Detached
CS3 Town, 1928. Stately home in Gas central  (5) 2 adults,
Eden Conservation miniature. Red heating working. 3
area. Semi- sandstone. at university
detached
Cs4 Hamlet, 1850s, on site Mill building with Gas central  (2) 2 adults,
South used since 131" some machinery heating retired
Lakeland century. still extant.
Undesignated. Siltstone
Detached
CS5 Village, 1897 with Late Victorian Gas central  (2) Two
South earlier house, former heating adults,
Lakeland elements. chapel. Limestone retired
Undesignated.
Detached
CS6 Village, Early 1700s Large, detached Gas central  (2) 2 adults,
Carlisle with Victorian former farmhouse.  heating semi-retired
extension. Rendered
Conservation sandstone
area. Detached
CS7 Hamlet, 1789. Large Georgian Qil central (2) 2 adults,
South Undesignated.  farmhouse. heating semi-retired
Lakeland Detached Rendered
fieldstone
CSss8 Town, 1871. Four storey Gas central  (2) 2 adults,
South Conservation Victorian heating retired
Lakeland area. Mid- townhouse.
terrace Limestone
CS9 Large 1896. Small late Gas central  (2) 2 adults,
village, Conservation Victorian house. heating working
Lake area. Mid- Slate
District terrace
CS10 Rural, Undesignated. Part of former mill  Propane (4) 2 adults
Allerdale  Semi-detached  building. gas central  working, 2
Sandstone heating children

under 10
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Nested Location Building age Description Heating Household
Case and system
study designation
CS11 Hamlet, 1760s. Small cottage. Wood stove (1) 1 adult,
Lake Undesignated.  Slate in living working
District Mid-terrace room

Cs12 Village, 1600s/1700s. Very small terrace, Gas central (3) 2 adults
South Conservation limestone heating working, 1
Lakeland area, mid- child under

terrace ten

CS13 Coastal 1834. Grade |l Georgian, former Gas central  (2) 2 adults,
town, listed. Semi- courthouse. heating working
Allerdale  detached Sandstone

CSsi14 Rural 1770s. Georgian Gas central  (4) 2 adults,
Allerdale  Undesignated.  farmhouse. heating working. 2

Semi-detached  Sandstone/cobble children
under 10

CS15 Small 1850s, Victorian town Gas central (1) 1 adult,
town, Conservation house. Siltstone heating retired
South area. Semi-
Lakeland detached

CS16 Village, 1700s, Large farmhouse, = Gas central  (4) 2 adults,
South Undesignated,  limestone heating working. 2
Lakeland Detached children

under 15

*Pilot nested case study included the interview, retrofit matrix and building tour only
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Figure 3.6: Distribution of nested case studies across Cumbria

The case study site visits took place in late February and early March 2020.
Each visit included a semi-structured interview and retrofit matrix, participant
led building tour, technical building survey and the collection of energy data
from utility bills or discussion with participants about taking meter readings to

gather energy data.

Semi-structured interviews

Each of the nested cases included a semi-structured interview with residents.
This involved the preparation of an interview schedule (Appendix D.1) with
the list of questions or topics to be covered, although these were approached

in a flexible manner depending on the participants’ responses (Given, 2008).
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Semi-structured interviews are considered to be a useful method for
developing an in-depth understanding of the area of interest while retaining a
greater level of focus than completely unstructured interviews (Theirbach et
al., 2020; Given, 2008) (Figure 3.7). Semi-structured interviews can also
provide opportunities to ask follow up questions and delve more deeply into
participants’ answers than would be possible through the use of a survey (de
Chavez et al., 2017; Given, 2008). The use of multiple semi-structured
interviews also provides opportunities for the answers to similar questions
across different interviews to be compared to identify similarities and
contrasts (Given, 2008).

Figure 3.7: Case study interview topics

These types of interviews can be used in research on residential buildings to
provide an understanding, not only of what residents do but of why and how
they do it (de Chavez et al., 2017). Interviews can add richness and depth to
the understanding of residents’ views, details of how they behave in their
homes and why they engage in these behaviours (de Chavez et al., 2017).
Interviews have been identified as a useful part of a mixed method and case
study research design because they provide specific and in-depth knowledge
(Theirbach et al., 2020; Yin, 2014). Interviews were conducted with one or
sometimes two household members, dependant on residents’ choice
(Nowicka, 2022; Sunikka-Blank and Galvin, 2016) (Table 3.5).

Table 3.5: Number of case participants taking a substantial part in site visit

g |Participants

NMicst
Nics2
~|cs3
~|csa
~|css
~|cse
Nics7
~|css
~|cs9
~Ics10
~lcs11
Nics12
Mlcs13
~lcs14
~lcsis
- |CS1 6
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The interviews were audio recorded using the Voice Record Pro 7 app for
iPhone (Dayana Networks Ltd, 2021). Once recorded the interviews were
transcribed by the researcher, using the program Express Scribe to slow the
recording for ease of typing (NCH Software, 2019). The completed transcript
was sent to participants to give them the opportunity to correct any errors

and confirm that they were happy with the details recorded.

Interview transcriptions can be analysed in a variety of ways depending on
the purpose of the analysis and the questions being addressed (Arksey and
Knight, 1999). Thematic analysis was used to identify patterns and themes in
the data set, thus allowing overall conclusions to be drawn from the
individual interviews (Fugard and Potts, 2020; Braun and Clarke, 2006).
Summaries were created of the completed transcripts, and these were
analysed individually and across cases to identify themes, similarities, and
differences. Thematic analysis requires extensive familiarity with the data
and the use of comparison both to similar topics within interviews and to
similar topics in other interviews to help develop themes and sub-themes
(Fugard and Potts, 2020). Themes were developed until ‘saturation’ was
reached which is when no new themes are discovered through the
acquisition of additional data (Fugard and Potts, 2020; Braun and Clarke,
2006).

The use of interviews within a case study research design is therefore
considered a useful way to add depth to the research (Theirbach et al., 2020;
de Chavez et al., 2017) It can help to answer how and why questions and

allows more detail than more structured survey methods (Yin, 2014).

Retrofit option matrices

In addition to the interviews, participants were invited to complete a sheet
providing a matrix of retrofit options. The retrofit matrix used the same list of
retrofits as the survey, with the addition of wind turbines, heating control
improvements and four potential behaviour changes; reducing heating
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temperatures, not heating bedrooms, turning heating off when away and only
heating actively used spaces. These additional measures were identified
through the survey. Participants were asked to indicate for each measure,
whether they had it already or, if not, whether its effect on heritage values or
aesthetics, planning constraints, its cost or any practical implications would
be an issue for them. These potential barriers were identified from the
literature as likely to commonly influence residents’ retrofit decisions
(Sunikka-Blank and Galvin, 2016; Mallaband et al., 2013). They were also
asked to state overall whether the measure would be something that they
would consider or not and if there were any other issues that would affect
their decision. The matrix can be seen in Appendix D.2.

The use of this matrix is akin to the use of more structured interview
techniques or surveys (Given, 2008) and was useful because it produced
data in a format which was readily comparable between different nested
cases and which could be assessed both quantitively and qualitatively. This
matrix was developed from the concept of visual elicitation methods and
acted as a stimulus to prompt a more thoughtful response than verbal
questioning alone could have achieved (Crilly et al., 2013). The use of a
structured physical document can help to focus discussion about a common
framework. This was considered useful for a complex topic such as
retrofitting decision making. The matrix was used to prompt participants to
think through at least some of the common factors which the literature

identified as likely to influence residents’ decisions.

Participants were also asked to describe their thought process as they
completed the matrix, this was audio recorded and transcribed in the same
way as the interviews. The transcript and retrofit matrices were used in
tandem to create a colour coded, digitised version of the retrofit matrix for
each case summarising their choices and reasoning. Completed matrices
were sent to participants to confirm that their data sheet had been interpreted
correctly. The retrofit matrix acted as a complementary element to the wider
interviews, helping participants to articulate their opinions more clearly (Crilly
et al., 2013).
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Building tours

During site visits to the nested cases, participants were asked to lead a ‘tour
of their building, identifying features which they considered pertinent for
heritage, energy, and comfort. These tours were designed to encourage
participants to elucidate more general comments from the interviews with
specific points about individual and contextual features. This method was
designed as a form of place based interviewing which is considered useful
for gaining a greater awareness of participants’ attachment to a space (Riley
and Holton, 2020). This technique is particularly appropriate when
participants’ buildings, and the values that they invest in them, are topics of
interest (Sunikka-Blank and Galvin, 2016). The process of moving from place
to place, or room to room, and being ‘in-situ’ has been recognised as acting
as a prompt to develop more detailed data about people’s experiences and
views (Riley and Holton, 2020).

The building tours were audio recorded and, in addition, general
photographs of rooms, and specific photographs of heritage and energy
features were taken, except for CS1 who did not give permission for indoor
photography. After each site visit, details from tours and photographs were
combined to answer a checklist of questions (Appendix D.1) on energy
behaviour and building details for each case. Online historic maps for each
case study area were consulted where available to inform the understanding
of the buildings’ development. Where buildings were listed or in conservation
areas the listing information and/or character appraisal document were
consulted for additional historic information. These details were compiled in
building summaries for each case and complemented the interview data.

This method provided additional opportunities to understand how residents
felt about, and used, space within their buildings than could have been
gained solely through interviews (Riley and Holton, 2020). It also provided an

opportunity to understand the building’s form and clarify specific details.
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Energy diaries

During the site visit participants were also presented with the first of two
energy behaviour diaries. These diaries were developed to help increase
understanding of participants’ daily behaviours. Interviews take place at a
specific point in time and therefore rely on memory when considering
previous events and activities (Alaszewski, 2020). The use of research
diaries can therefore help to gain more time relevant and detailed information
about actions that are not easy to otherwise observe (Alaszewski, 2020).
While data in diaries is still filtered by participants, it may provide more
immediate and therefore potentially ‘authentic’ information than interviews
(Alaszewski, 2020). Diaries may also provide more detail about everyday
activities which would not be considered important enough for participants to
discuss in interviews but which may nonetheless have significant relevance

for research (Bennett, 2014).

Structured diaries, where participants are given a clear format to fill out, have
been used, for example, in time-use studies, to understand energy use in
buildings (Ibrahim et al., 2019; Anderson, 2016; Hiller, 2015). The completion
of diaries at different times of year is considered useful when there is a focus
on seasonal behaviours such as heating (lbrahim et al., 2019; Adekunle and
Nikolopoulou, 2014). For this research one diary was completed in
winter/early spring and one in summer/early autumn. The diary was to be
completed for five days in each period. Participants could choose the most
appropriate days for them, with the proviso that a weekend and three
weekdays were covered (Hiller, 2015). Because the nested cases were
spread across Cumbia it was not considered necessary for participants to
complete the diaries synchronously as climatic conditions were likely to vary

in any case.

The energy diaries were piloted prior to deployment by members of the
researcher’s family. This took place over several days and several changes
were made to make the diary clearer and more user friendly as a result.

Participants were contacted before the site visit and asked if they would
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prefer to complete a physical or electronic version of the diary. A sample day
from the diary can be seen in Appendix E. They were given the opportunity
to read through the diary and ask any questions while the researcher was

onsite and encouraged to follow up by email if necessary.

The use of technical measurements such as data loggers or similar in
concert with participant diaries has also be identified as useful in energy
research (Kane et al., 2015; Hong et al., 2009). Diary participants were
therefore also provided with two digital thermometers (Figure 3.8). These
recorded maximum, minimum and current temperatures and could be reset
each day to gain an indication of internal and external temperature ranges
(Electronic Temperature Instruments LTD, 2020). The use of data loggers
could have provided more granular and accurate temperature, and
potentially energy, use data. However budgetary constraints precluded the
use of this more advanced technology, with one data logger having a similar
cost to approximately ten thermometers. Because of the number required
(two per case study) data loggers were therefore not affordable within the
project budget. The thermometers provided less detail and were only
accurate to within +/-1°C but still provided a useful impression of general
temperature variation which helped to develop understanding of the case

studies’ environment and performance.
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Figure 3.8: Physical energy diaries and digital thermometers

Participants were asked to place one thermometer in their main living space
and one outside their building. They were requested to check both the
thermometers at a similar time every day, note down the three values and
then reset the thermometer’'s memory. Participants were asked to place their
indoor thermometers away from any heat sources such as stoves, televisions
or computers and the outdoor thermometers in a sheltered location, out of
direct sunlight. One participant developed a creative solution to sheltering his
external thermometer (Figure 3.9). The importance of placing the
thermometers in the same location for the second diary was also stressed.
Advice on thermometer locations was provided to participants during the site

visits. These thermometers have limited accuracy and variations in location
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and time that readings were taken meant that they provided only indicative

values of general temperature trends.

Figure 3.9: CS3's ‘Patented mk. Il thermometer shelter”

Participants were not asked to take daily meter readings during the diary
period because it was felt that this might be too demanding if meters were
not easily accessible. However, when the winter diaries were returned
several participants had provided daily meter readings. For the summer
diary, participants were therefore encouraged to take meter readings if
possible and a table was provided for them to note the figures. A number of

participants who could not easily access their meters nonetheless provided a
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reading at the beginning and end of the diary period as an indicative value.
The other alteration to the summer diary was the addition of a question on
artificial lighting in all periods of the day. For the winter diary this had only

been included for the evening period.

When the diaries were returned, all data was digitised, and summaries based
on this data were created for each case study. The use of diaries and
technical measurements alongside interviews has been identified as
providing broader and richer data on the energy behaviours and comfort
perceptions of residents than could be achieved by any of these methods
alone (de Chavez et al., 2017).

3.4 Baseline energy modelling
Quantitative building surveys

Building energy simulation models are often used to assess current building
energy performance and to model changes such as retrofitting to assess
their potential impacts without needing to enact them (Carratt et al., 2020;
Jain et al., 2020; Kane et al., 2015). This provides obvious advantages in
terms of time, flexibility, financial cost, and disruption, in comparison to
physically testing changes. However models may not provide accurate
predictions of future performance if they do not reflect current performance,
and are likely to be subject to a range of uncertainties around input data
(Carratt et al., 2020). This can lead to what is termed, the ‘performance gap’
between actual and modelled performance (Jain et al., 2020; Tlysluz and
Soézer, 2020). There is often a trade-off between the level of data collection
and input required, and the scale of the performance gap (Jain et al., 2020;

Pracchi, 2014).

Technical building surveys were undertaken of each of the case studies,
following the participant led building tours, to provide sufficient data to create
baseline energy models which reflected current energy performance. Input
data for the models included building dimensions, construction materials and
build-ups, operational systems, and details of occupant behaviour (Carratt et
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al., 2020; Jain et al., 2020). Measurements of internal building dimensions,
orientations, and thicknesses and details of building constructions were
gathered to create detailed plans for each case. Details of energy systems
were noted during the survey and informed by participants’ comments.
Construction materials and build ups were determined from visual
observation and information provided by participants -such as floor or wall
construction identified during previous building work- as it was not possible to
use destructive investigative techniques (Akkurt et al., 2020; Roberti et al.,
2015; Pracchi, 2014). Details of residents’ energy behaviours were gathered

via the interviews, building tours and energy diaries.

Measured energy and carbon data analysis

A number of authors have identified the need to calibrate energy simulation
models with actual data, both quantitative and qualitative, to increase
accuracy and minimise the uncertainty inherent in models (Carratt et al.,
2020; Tuyslz and Sézer, 2020). A common calibration method is to compare
measured and predicted energy use. Smaller time steps, such as monthly
instead of annual data, can provide increased calibration (Carratt et al.,
2020; Federal Energy Management Program, 2015).

Energy use for the case studies was analysed using utility bills, residents’
records, and meter readings. This data was provided by participants either
during or after site visits, either in the form of original bills which were
photographed or through copies of participants’ records. This generally
consisted of electricity and gas bills and most residents were able to provide
data over multiple years, increasing the granularity of the data and allowing
averages to be calculated that reduced skew from particularly warm or cold
years. Utility bill data is official data that can provide an authoritative
measurement of the actual energy use of metered fuels, (Carratt et al., 2020;
Jain et al., 2020; Kane et al., 2015).

CS1 and CS7 used oil and CS11 used wood for their heating but all kept
detailed records of their fuel use which enabled energy demand to be
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calculated. CS2 and CS15 provided detailed meter readings in place of
energy bills but were unable to provide a full year of data, the assumptions
made for estimating their annual energy use are described in Appendix H.2.
Some participants also provided information on secondary, unmetered fuel
such as log fires or stoves. This was not possible for all participants, so this
energy use was not quantitively assessed although information on the
frequency of secondary heating was examined to develop an understanding

of this heating use.

Secondary data comprising official governmental, or intergovernmental, data
such as building information from censuses or nationally produced energy
statistics was also used in this research to provide authoritative and
nationally recognised key statistics (Maclnnes, 2020). This included
information on the Cumbrian and UK building environment, average energy
use for UK households and national carbon factors for different fuels (BEIS,
2021b; ODYSSEE-MURE, 2021a). This data can therefore provide a wider
comparable context and, with the measured energy data, allowed the carbon

emissions for each of the case studies to be calculated.

RASAP energy modelling

EPCs for existing UK residential building are produced using RASAP and, as
discussed in Chapter Two, EPCs are increasingly being used as a policy tool
to promote retrofit (BEIS, 2020a; European Commission, 2020). EPC
certificates also include recommendations on potential building
improvements and the UK Committee on Climate Change has recommended
that all residential buildings should reach EPC band C by 2028 (CCC, 2020).
A recent review commissioned by the government identified that RASAP, is
commonly used as the de facto modelling tool to inform many retrofit projects
(Godefroy et al., 2021). An assessment of this tool was therefore considered
valuable, especially in relation to other research findings about the potential
inaccuracy of EPC modelling tools for older buildings (Gram-Hanssen,
Georg, et al., 2018; Sunikka-Blank and Galvin, 2012).
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Certification as a domestic energy assessor was undertaken to develop
methodological competency with the tool, which is only available for use by
certified assessors through proprietary interfaces developed by certification
organisations. A three-day training course and further portfolio work was
undertaken to achieve certification. Once certification was complete, a
different certification organisation, Quidos, kindly provided access to their

training tool which had all the functionality required for the research.

Using data gathered during the building survey and following the official
conventions (Quidos, 2020; Department for Communities and Local
Government (DCLG), 2017) EPCs were produced for each of the case
studies. This ensured that the research assessments were comparable with
actual assessments. These conventions include various details, for example
on when basements should be included, how dimensions should be

measured and what evidence on insulation is acceptable.

Following the creation of the RASAP models, predicted energy demand was
compared with the actual measured energy data provided by participants.
Carbon emissions were also compared with current emissions, calculated
using UK carbon factors for 2021 (BEIS, 2021b). EPC ratings from predicted
energy use and official recommendations for improvements for each building
were identified. It does not appear possible to produce EPC ratings from
energy demand alone as they are effected by a range of other factors
including energy costs (BRE and DECC, 2014) and the process is opaque.

The RASAP modelling was the first modelling element undertaken.

SBEM energy modelling

The second tool assessed was the Simplified Building Energy Model
(SBEM), which is the UK tool for producing EPCs for non-domestic buildings
(BRE, 2018). Unlike RASAP or full SAP, a freely accessible version of the
SBEM software was available from the National Calculation Methodology

website and was used for the research (BRE, 2020a). SBEM requires
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increased data entry compared with RASAP, but it is possible to define

specific materials and to use more detailed building dimensions.

After completing the domestic energy assessor course, it was clear that
RdSAP would not have the functionality required to produce detailed building
energy models. Because the full SAP version was not publicly available,
SBEM, as a more detailed official UK energy tool, was assessed as part of

the abductive research process.

SBEM models were created for three of the case study buildings, CS1, CS5
and CS14, which provided a good range of different materials, constructions,
and heating systems. These cases were modelled, using the data gathered
during the case study site visits, to test the capabilities of the tool (see
Appendix G) and help to answer research sub-question 2c. However, the
outputs produced by the tool had low useability and it was not possible to
model specific occupancy, heating, and equipment schedules, meaning that
models could not be calibrated with actual usage. In addition, data entry was
very time consuming, with the area and orientation of every internal and
external wall, and every opening, needing to be manually defined and
calculated. The three test cases were deemed sufficient to test the
capabilities of this tool and compare them with the functionality and useability
of both RASAP and Design Builder.

Design Builder energy modelling

Building simulation tools can be steady state, where calculations are made
on a monthly basis, or dynamic, where calculations are made on much
shorter time frames, often half hourly. RASAP and SBEM are both examples
of steady state simulation models (Godefroy et al., 2021; Pracchi, 2014).
Energy Plus meanwhile is a commonly used dynamic building simulation tool
which was developed by the US Department of Energy and has been
identified as one of the most commonly used tools for research involving

building energy simulation (Carratt et al., 2020). Dynamic modelling is
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generally more accurate than steady state modelling but requires much
higher levels of input (Godefroy et al., 2021; Pracchi, 2014).

Design Builder is a highly detailed, dynamic modelling tool utilising a 3D
modelling environment, it acts as a user interface tool for the Energy Plus
simulation engine (Carratt et al., 2020; Pohoryles et al., 2020). Using the
data collected during the case studies, baseline energy models were created
for each case using Design Builder. In addition to the actual building data, a
number of assumptions were also required for the Design Builder models
and can be seen in Appendix H.1. As a dynamic modelling tool, Design
Builder requires hourly weather data for use in the simulations which
determine the heating demands of the model. Because this level of detail
was not available for individual case study sites, data from the closest
weather stations -taking account of topography and climatic variation- was

used for each case (more details are provided in Appendix H.3).

The Design Builder models were calibrated by comparing the predicted
figures with the measured energy data from fuel bills and meter readings.
Step-wise alterations to the model were then made on individual inputs
where there is uncertainty (Tuyslz and Sézer, 2020), this could include for
example, rates of air infiltration if these have not been assessed (Hubbard,
2011). Only one parameter was altered at a time to enable the impact of
each change to be identified (TUyslUz and Sézer, 2020). It is also possible to
perform sensitivity and uncertainty analysis to identify the influence of
different input parameters, although this requires greater computing power
than was available for this research. Further details on the calibration

process can be seen in Appendix H.3.

3.5 Lifecycle assessment of retrofit potential

Lifecycle assessment (LCA) of the range of retrofit measures identified in the
survey and retrofit matrices was undertaken to identify their potential carbon
impact. Standards for LCA are covered in ISO 14040 and include the need to

set out clear system boundaries describing what is included and excluded
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from the LCA (BSI, 2020). Variations in the system boundaries chosen can
mean that the results of different studies are not directly comparable (Vilches
et al., 2017; BSI, 2012). Only carbon was assessed for the lifecycle analysis

because this impact had the most available data.

The LCA in this research followed the conventions for construction LCA set
out in European standard BS EN 15978 (BSI, 2012). This includes a number
of conventions, such as how on-site renewable generation should be
reported. It also provides details on which processes should be included
within an LCA and which should be excluded, for example transport of
construction workers to and from site should generally be excluded but
transport of materials and waste included. As with ISO 14040, BS EN 15978
emphasises the importance of describing the assumptions made during the
LCA process. BS EN 15978 uses a process analysis method where the
specific materials, components and processes involved are assessed
(Birgisdottir et al., 2017; Moncaster and Symons, 2013). This is the most
common method for LCA, although it will underestimate the full lifecycle
impacts due to inevitable truncation errors where auxiliary services, such as
the aforementioned transport of tradespeople, are considered outside the

system boundaries (Moncaster and Symons, 2013; Crawford et al., 2010).

This modelling was a cradle to grave assessment in which lifecycle stages A
to C were assessed (Table 3.6), cradle to grave is generally considered to
provide the most comprehensive picture of lifecycle impacts (Birgisdottir et
al., 2017). Following common practice, the embodied and operational impact
of the retrofit measures was assessed over a 50-year period (Pomponi and
Moncaster, 2016). However, because of the heritage nature of the building
and uncertainty about lifespan, buildings were not considered to be
demolished at the end of the assessment period. Stage C impacts were
therefore only assessed for the removal of any current material when the
retrofit measure was installed and for the end-of-life impact of any measures
that required replacement within the 50-year assessment period. Because of
the limited number of end-of-life impacts that fell within the assessment
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period, and the uncertainty around potential recycling opportunities, module

D impacts around recycling and reuse were not included in the assessment.

Table 3.6: Retrofit lifecycle stages assessed
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LCA is the key method for the assessment of lifecycle impacts for
construction and retrofit (Moncaster et al., 2019; Birgisdottir et al., 2017). It is
subject to international standards which emphasise the importance of clearly
stating assumptions about what is and what is not included within system
boundaries. The operational and embodied stages of the LCA are described

in the following two sections.

Operational retrofit modelling

All simulation models involve the simplification of reality to some extent, and
this is particularly true for heritage buildings. It is however still possible to
create models that have a sufficient level of accuracy to usefully inform
retrofit if these models are calibrated with measured performance data
(Akkurt et al., 2020; Carratt et al., 2020). The use of energy simulations can
therefore help to predict the potential carbon saving opportunities of

retrofitting and help to inform decision making.
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After an assessment of the capabilities of the three energy modelling tools,
Design Builder was chosen as the tool to assess the operational (lifecycle
stages B6-B7) potential of the retrofit measures. A specific package of
measures based on EPC recommendations for each of the case studies to
reach band C were also modelled in RASAP to assess the effect of this
policy. RASAP additionally provides outputs on the effect of making all
recommended changes to the building, which may produce a rating higher
than C. These outputs were compared with actual energy demand and with
the more detailed retrofit modelling. A sub-selection of the retrofit options
was also modelled in SBEM, and these results can be found in Appendix G.

The main retrofit modelling took place in Design Builder using the calibrated
baseline energy models to examine the operational energy and carbon
potential of a range of retrofit measures. The retrofits modelled were mainly
similar to those used for the retrofit matrix described above. Three insulation
materials were modelled for each element of the building envelope to allow a
comparison between different materials for the most common thermal
retrofits. These included a ‘natural product’, a ‘standard’ or commonly used
product and a ‘technical’ or rarer product. For ceiling insulation and internal

wall insulation an additional ‘heritage sensitive’ product was also modelled.

The annual operational energy and carbon impacts of the retrofit measures
were calculated, alongside the lifecycle assessment of operational carbon
over fifty years. The UK electricity grid has decarbonised significantly in
recent years and this trend is predicted to continue (BEIS, 2020c). This
decarbonisation will affect the carbon savings from retrofit which includes
electricity demand over the assessment period. Future grid decarbonisation
has been accounted for when considering operational electricity savings over
50-years. Government forecasts were available until 2040 (BEIS, 2020c),
after which an evenly distributed reduction until 2050 was assumed with zero
emissions after 2050, in line with international carbon targets.

In addition to the individual retrofit measures, the lifecycle impact of

measures combined into several packages was also assessed. These
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packages are described in detail in Chapter Nine and more details on the

retrofit modelling can be found in Appendix I.

To ensure that the insulation materials/products modelled were realistic a
small number of built environment professionals were asked to identify their
top three products for each type of insulation. Results between professionals
were compared and the most commonly listed products were chosen (Table
3.7). Both double glazed and triple glazed replacement windows were also
modelled. Where possible, specific products for all the retrofit measures were
modelled as more detailed performance data was then available.

Table 3.7: Insulation materials for retrofit modelling

Insulatio | Cold roof | Warm Internal External | Solid Suspend
n Type roof wall wall floor ed floor
Natural Sheep’s Woodfibre | Woodfibre | Woodfibre | Recycled | Recycled
material wool foamglass | paper
Natural Thermafle | Gutex Gutex Gutex Geocell Thermoflo
product ece Thermofle | Thermo- multither foamglass | ¢
Cosywool | x room m
Standard | Recycled | Mineral Mineral Mineral Phenolic Mineral
material plastic wool wool wool foam wool
Standard | Thermafle | Knauf Knauf Knauf Kingspan | Knauf
product ece Rocksilk Omnifit EWI Kooltherm | Omnifit
Supersoft Rocksilk
Technical | Enhanced | Aerogel Aerogel Hempcret | Aerogel Aerogel
material sheep’s e blocks
wool
Technical | Thermafle | Spaceloft | Spaceloft | Isohemp Spaceloft | Spaceloft
product ece
Ultrawool
Heritage | N/A Cork lime | Corklime | N/A N/A N/A
material plaster plaster
Heritage | N/A Diasen Diasen N/A N/A N/A
product Diathonite | Diathonite

Generic data from Design Builder templates was used for ground source

heat pumps (GSHP) and air source heat pumps (ASHP) because there was

a lack of manufacturer data in the correct format. Attempts to convert

manufacturer GSHP data into an appropriate format failed. The GSHP heat

pumps were therefore oversized for the peak heating demand of several of
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the case studies. However, this is likely to only have a limited effect on
technical system performance. The financial cost of the system will be
affected but detailed financial aspects are not being assessed in this

research.

Some retrofit options such as wall hangings, curtains or similar measures
that can be termed ‘soft retrofits’ may be challenging to model in simulation
tools (Pender and Lemieux, 2020; Khan, 2018) or it may only be possible to
model some aspects of their performance. Wall hangings, for example, have
been shown to have significant thermal comfort benefits in terms of reducing
draughts and increasing the temperature of surfaces (Khan, 2018; Pracchi et
al., 2017) thereby reducing occupant heat loss to cold stonework, analogous
to the improved comfort of a carpet on a cold stone floor. These types of
changes are therefore likely to result in greater benefits than would be
expected from their improvements to u-values and results of energy

simulation models (Pender, pers communication, 2021).

The importance of considering the hygrothermal performance - which is the
movement of heat and moisture through materials- of heritage buildings has
been identified, as retrofit activities can disturb the moisture balance within
the building envelope (Akkurt et al., 2020; Harrestrup and Svendsen, 2015).
Due to the complexity of assessing hygrothermal performance many studies
focus on individual building elements instead of whole house assessments,
often focussing on wall insulation, which has the most potential for harm (for
example Jensen et al., 2020; Litti et al., 2015; Zagorskas et al., 2014).

In Design Builder it is only possible to conduct hygrothermal assessment for
one element of a construction build-up at a time. This was considered
impractical for the scale of modelling required and hygrothermal assessment
has therefore not been undertaken in this research. In compensation,
appropriate thicknesses of insulation materials, especially in wall build-ups,
have been chosen, following guidance in Morgan (2019) and the AECB’s
Carbon Lite Retrofit course (n.d.) on moisture sensitive retrofit. At least one

moisture permeable insulation material has also been modelled for each
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envelope element. Further investigation of retrofits’ hygrothermal impact
should be carried out before any measures are put into practice (Morgan,
2019).

Embodied carbon assessment

The embodied carbon assessment for the retrofit measures covered lifecycle
stages A, B1-5, and stage C and followed standard EN 15978. LCA
information was based on specific product Energy Performance Declarations
(EPDs) which provide at least cradle to gate LCA for individual products such
as insulation materials or heating system components (Birgisdottir et al.,
2017). There are national and international databases of EPDs which follow
the international standards described above (Anderson, 2022a), such as The
International EPD System (EPD International, n.d.). EPDs also include
information on product lifespans. Where no EPD was available generic
product data was used, for example for biomass boilers. For some
measures, for example curtains or shutters, where no data was available, a
proxy product with similar characteristics was used. Some applicable data
was identified using the software OneClickLCA (OneClickLCA, 2021), which
can be used to select products from EPDs, national databases and lifecycle
material inventories, alongside other input data, to aid the development of
building LCA.

Lifecycle stages A1-A4 were assessed for all the materials. Construction
impacts (A5) such as groundworks for the GSHP or scaffolding for the
installation of external wall insulation were not assessed because of data
availability. Additional products required for installation such as putty for
window replacement was however included in the assessment, as was a 2%
wastage factor for all materials. For retrofit the construction/installation stage
was considered to have a limited impact on overall embodied carbon.
Maintenance (B2) was included where specific data was available from
product EPDs, such as for cleaning for wall hangings, or repainting for
wooden windows. Refurbishment (B4), which relates to replacement due to

choice, such as redecorating rather than the end of a measure’s lifespan (De
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Wolf et al., 2017), and re-use/recycling of products (D) were not assessed

due to uncertainty around timespans and outcomes.

No information is included in the standard around the modelling of alternative
future scenarios to the retrofit considered (BSI, 2012). In common with
approaches in the literature, the embodied emissions that would take place
in the baseline building over the assessment period if retrofit was not
undertaken, such as the replacement of boilers, structural or floor coverings,
and similar is therefore not included in the assessment (Asdrubali et al.,
2019; lyer-Raniga and Wong, 2012). This is partially because the scope of
the LCA only considers processes relevant to the retrofit measures and
partially because of the uncertainty in predicting future building changes. It is
likely, for example, that residents will replace their existing boiler at least
once within the 50-year period. However, CS1’s boiler is currently over 40
years old and came to them as a recycled product from another house.
Furthermore, in the context of decarbonisation policies, the replacement of
boilers is likely to require replacement with low carbon heating systems in the
next decade (BEIS, 2021a), but what this system would be for a specific
building is uncertain. The only non-retrofit scenario considered was the
continued use of compact fluorescent (CFL) lightbulbs rather than their
replacement with light emitting diode (LED) bulbs because there was more

certainty in the alternatives available.

Biogenic carbon is that which is present in natural materials such as wood. In
the context of retrofit this could include wooden shutters or curtain poles. The
carbon is stored in the material for the duration of its lifespan and is then re-
emitted when the material is disposed of. It is therefore properly a carbon
delay, rather than a carbon saving. Because the case study buildings are not
considered to be demolished at the end of the 50-year assessment period,
biogenic carbon is reported separately. Further information on the LCA
process and the assumptions made can be found in Appendix J.
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3.6 Research timeline and covid impacts
Covid-19 adjustments

Some adjustments to data collection were required as a result of the Covid-
19 pandemic. All case study site visits had been scheduled between the 24"
of February and the 30" of March 2020. 12 of the 18 visits had been
completed by the 17" of March, however the remaining six visits then had to
be postponed as a result of the pandemic in the UK. Two of these cases
where unable to continue participating in the research because of changed

circumstances due to the pandemic.

Visits to the remaining four cases however were finally conducted virtually in
late 2020 and early 2021. It was not possible to conduct quantitative building
surveys for the virtual cases, meaning that retrofit potentials were not
modelled for three of these cases. A personal connection with the
participants of CS12 however meant that it was possible to conduct a
building survey in a covid secure manner, when they were away for several
weeks, leaving their building empty and following a risk assessment. The
other elements of the site visit for CS12, interview, retrofit matrix and building

tour then took place virtually.

Virtual visits were conducted using Microsoft Teams or Zoom, dependant on
participants’ preferences. Two of the virtual visits (CS10 and CS12) were
split into two parts to fit around childcare commitments. The same questions
were asked in the virtual interviews as in the physical interviews to increase
comparability although there was an additional question about the effect of
the pandemic on energy behaviours. The virtual interviews were audio
recorded. To enable the completion of the retrofit matrices the researcher
shared their screen and acted as scribe for the participants as they talked
through their choices. Virtual building tours worked surprisingly well, and
participants’ broadband connections were robust enough in most areas of
the buildings, with only minor problems. Tours were recorded using
Teams’/Zoom’s record function. As part of the analysis the tours were

transcribed, and appropriate frames were taken from the recording in lieu of
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photographs. Once this had been completed the recording itself was

securely destroyed.

Optional Photo elicitation

During the delay resulting from the pandemic, in the summer of 2020 an
optional photo elicitation activity was presented to the case study
participants. Photography is often used to help elucidate contexts and
intangible feelings that are hard to convey verbally and is becoming an
increasingly popular tool for interdisciplinary and collaborative research
(Pauwels, 2020; Lapenta, 2012). Photo elicitation was also used by Fouseki

et al (2020) in the context of identifying residents’ heritage values.

Participants were invited to take 1-3 photos of heritage features of their
building which they valued and to write a short explanatory paragraph for
each photo. They were encouraged to consider both tangible and intangible
values as part of the activity and to define heritage value in the broadest
possible sense (see Appendix F for information sheet). All participants gave
permission for their photographs and textual explanations to be shared in
research publications and acknowledged that this might mean their buildings
were more easily identifiable. To increase anonymity the photos and quotes
are included using pseudonyms which are not linked to the case study

numbers. Seven of the 16 cases participated in the photo elicitation activity.

The use of visual elicitation by participants can often be more participatory
than other forms of research, allowing participants the freedom to identify
and frame their visual material, although there is still clear researcher
influence through the brief provided (Mannay, 2014). Participants may be
encouraged by this method to provide opinions more freely that they may do
verbally (Pauwels, 2020). Not all participants may be comfortable, or have
the time to engage in image production however (Mannay, 2014) which is
why this activity was framed as optional. It provided an additional and useful
opportunity to elucidate residents’ views from a different perspective and to

help to identify more complex and specific heritage values.
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Covid-19 impacts on case study energy use

The pandemic also required some of the winter energy diaries to be
postponed until winter 2020/2021 rather than late winter/early spring 2020.
Summer diaries and winter diaries after March 2020 were posted to
participants rather than delivered as part of the site visit. Accompanying
instructions were sent and participants were encouraged to ask any
questions about the completion of the diaries via email. Participants very
kindly arranged to post completed diaries back to the researcher. It was not

possible for CS13 to complete their summer energy diary.

An additional question was included in the summer energy diary, and added
to later winter diaries, about the impact that Covid-19 and the National
lockdowns might have had on participants’ energy behaviours throughout the
diary period. Most participants stated that their behaviours hadn’t changed
that much although some adjustments were highlighted (Table 3.8). Many
participants already worked either partially or completely from home prior to
the pandemic. This is representative for Cumbria which has a high
percentage of home working and retiree households (Cumbria Local

Enterprise Partnership, 2019).

Table 3.8: Covid-19 effects on case study energy use reported in diaries

- & ® % 0 © N @ © o - & 2 3 2 8
n O O O O O O O n v N n v N n o
O O O O O O O O O O O O O O O o

Reduction X X X X X X X X

in going

away

Increased X X X X X X X X X

screen

use from

online

meetings

Increased X X X X X X

home

working
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CS2
CS3
CS4
CS5
CS6
CS7
CS9
CS10
CS11
CS12
CS13
CS14
CS15
CS16

<lcs1
<|css

Increased
frequency
and temp-
erature of
clothes
and dish-
washing
Increased X X X X
daytime
occupanc
y
Increased X X
occupanc
y*
*CS3 had full occupancy (all five members of the household) for a longer period of time than
typical, resulting in increased energy use.
*CS6 had significantly increased heating use from March to December 2020 due to the
presence of an elderly relative.

Research timeline

The various types and sources of data, and the timelines of data collection

can be seen in Figure 3.10.
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Figure 3.10: Research timeline and data points
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3.7 Mapping research questions and methods

This research used a range of different methods within a case study design
to provide multiple points of evidence (Byrne, 2020; Yin, 2014). The use of
these multiple methods enabled interdisciplinary research questions to be
addressed and provided both breadth and depth to the understanding of the
topic (Theirbach et al., 2020; de Chavez et al., 2017; Doyle et al., 2016). The
research methods can be mapped onto the research questions identified
Chapter Two (Figure 3.11).

The exploratory survey provided an overview of the experiences and views
of a large number of Cumbrian residents (Ruel et al., 2016). The multiple
methods included in the nested case studies complemented each other and
provided a rich and in-depth understanding of residents’ experiences,
attitudes and behaviours (Theirbach et al., 2020; Yin, 2014). The detailed
understanding of the nested case studies then allowed the potential of a
range of retrofits to be assessed in a real-world context through the energy

simulation and lifecycle assessment.

The survey results informed the development of the nested case studies.
The energy modelling was dependant on the data collection from the nested
case studies and the retrofit assessment was informed by the understanding
of residents’ views, values and behaviours that was developed through the
survey and nested cases. Three phases of energy modelling were
undertaken because the results of the first two phases were assessed as
insufficient. An additional method involving optional photo elicitation was also
developed during the process of the research to provide an extra point of

evidence.
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Figure 3.11: Research methods mapped onto the research questions

The multiple points of data gathered in this research complemented each
other and provided the breadth and depth of information around the complex
relationship between residents and their buildings to allow the potential of

retrofit measures to reduce carbon while retaining heritage to be assessed.
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This interdisciplinary, mixed methods approach thus addressed the research

aim.

Some material in this chapter has been previously published in (Wise, Jones, et al.,
2021; Wise, Moncaster, et al., 2021)



Figure 3.12: CS1 and CS2



Chapter 4. Heritage values

4 .1 Introduction

The attention paid to heritage value in retrofit projects is often limited to an
awareness of the constraints that planning policies may have on alterations
for designated buildings (Cassar and Fouseki, 2014). Residents appear to
invest their own values in their buildings, however, and these values are
varied and individual, but often overlooked (Sunikka-Blank and Galvin,
2016). Understanding the heritage values of residents’ may affect, not only
the acceptability of different retrofit options (examined in Chapter Five) but
also how residents view their buildings, their behaviours within them and the
types of information and guidance that they may access. It also has
implications for how many homes are nationally recognised as heritage

buildings and thus how they may need to be approached for retrofitting.

This chapter uses data from the survey, the case study interviews and
building tours and the photo elicitation activity to identify the heritage values
that residents invest in their buildings (research sub-question 1a (RsQ1a). It
explores the link between residents’ values and official heritage designation.
The importance of a broad range of both tangible and intangible values that
residents invest in their building is examined before four themes are explored
in more detail. Finally, the ways that these values effect residents’
connection to, and perception of, their homes is considered.

Throughout the rest of this thesis those who completed the survey will be
referred to as respondents, while those who took part in the case studies will
be referred to as participants. Residents will be used as an overarching term

to refer to all those who took part in any aspect of the research.

4.2 Relationship between residents’ heritage values and official
values

Heritage buildings are often identified by their official designation in policy,

including individual Listed buildings which are deemed to have exceptional
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heritage value, and conservation areas where a certain grouping of buildings
is considered to provide value. National Parks may also provide recognition
of buildings because of their impact on the wider landscape. However many
undesignated buildings can also have important heritage values (Herrera-

Avellanosa et al., 2019).

Residents in this research occupied a range of both designated and
undesignated buildings of different ages and types (Case studies: Table 3.4,
Survey: Appendix K). All of the participants in the 16 case studies were found
to invest heritage value in their homes. More broadly the majority (80.7%) of
the 147 survey respondents also considered their buildings to have heritage
value. These values can relate to a range of different aspects (Chapter Two),

so for the survey, the following example of heritage value was provided:

‘Heritage value can include things like : historic value; uniqueness;
aesthetic values; values for the local community (i.e., a local landmark);
forming part of a distinctive landscape; etc, although this is not

exhaustive.’

As would be expected the percentage of survey respondents who identified
heritage value differed somewhat by levels of designation. However over
three quarters of the respondents in undesignated buildings still felt that their
buildings had heritage value, only 7.2% less than respondents in designated

buildings (Figure 4.1).
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Figure 4.1: Survey respondents heritage value response in designated and
undesignated buildings (N = 147)

Considering more detailed designation categories, only 8% less respondents
in undesignated buildings ascribed heritage value to them than respondents
in conservations areas, while values for respondents in national parks are
very similar for undesignated buildings (Figure 4.2). The 28 respondents who
did not recognise heritage value in their buildings lived in a range of building
types, ages, and designations (Appendix L.1). This suggests that values may
be related to respondents’ perceptions and not only a product of building

characteristics.

Figure 4.2: Survey heritage value responses across different designation
groups.

These survey results clearly indicate that the majority of respondents invest
heritage value in their homes and that these values exist independently of

official designations.
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Participants in the nine designated and seven undesignated case studies all
identified that their buildings had heritage values. A distinction did appear
however in how participants defined their building. Several participants in
undesignated buildings expressed uncertainty as to whether their home was
a heritage building or not, often citing a lack of designation (CS5, CS7,
CS10, CS14, CS16).

CS5: Possibly not... | don’t know how you would define a heritage
building but it’s not listed... [undesignated]

CS16: It's got a lot of history..., | don’t know, it depends on the

definition... [undesignated]

This distinction may be related to the fact that a number of participants in
undesignated buildings appear to associate the term ‘heritage building’ with
listed or significant older buildings and felt the need to emphasise the modest
nature of their own homes (PCS1, CS5, CS7, CS14).

CS14: | suppose it is [a heritage building], but | don’t personally think of
it in that way... I'm not sure | would have applied the word heritage to
it... it sort of implies a certain importance and one of the things that |

like about this building is that it doesn’t have delusions of grandeur.

In contrast, participants in designated buildings appeared more thoroughly
convinced of their homes’ heritage status (CS2, CS3, CS8, CS9, CS13),
although CS12 and CS15 both felt that their home might only be ‘a modest
heritage building’ (CS15). Designation therefore appears to have a limited
influence on residents’ perceptions of value, although the case studies

suggest that it may influence how residents define their buildings.

4.3 What do residents’ value? An overview

The survey respondents were asked how important a range of different
heritage and non-heritage aspects of their building and its locality were to
them (Figure 4.3). The two aspects considered most important by the highest
number of respondents overall were ‘specific location’ and ‘views’, while the

two heritage aspects identified as most important by the most respondents



Chapter 4 Page 119

were ‘character in the landscape’ and ‘traditional construction’. Of the nine
aspects that the majority of respondents identified as the most important
(down to and including ‘age; in Figure 4.3), five were related to heritage
value. Meanwhile only three of the nine least important aspects were
heritage related, indicating that most respondents considered heritage

related aspects to be important qualities for their homes.

Figure 4.3: Valued aspects of survey respondents’ buildings and locality,
arranged in order of mean value (N = 147)

The importance of these valued aspects can also be compared between
respondents who perceive heritage values in their buildings (referred to as
HY) and those who do not (referred to as HN). The mean scores for the
valued aspects were compared for the two groups, ordered by the HY group
(Figure 4.4). The aspects with bold titles are those which showed a
statistically significant difference between the two groups when assessed
using both independent T-tests and Mann-Whitney U tests (for test choice

discussion and results see Appendix L.2). As can be seen, there appear to
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be clear differences between the groups which map onto those aspects

related to heritage values.

Figure 4.4: HY and HN survey respondents, cross tabulation of means for
valued aspects with standard deviation as error bars.
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‘Architecture’, ‘historic type’, ‘age’, and ‘heritage values’ become more
important than community and family home when just the HY group is
considered. These values include both tangible aspects such as architecture
as well as less tangible values such as age. Not perhaps surprisingly for
Cumbria and the Lake District, ‘specific location’ and ‘views’ were the most
important values for both groups while ‘character in the landscape’ and
‘traditional construction’ remained the most important heritage aspects for
the HY group. A range of heritage values therefore appeared to be important
to the survey respondents.

Free text comments from the survey and data from the case studies provided
further details about the values that residents identified and considered most
important about their buildings. Several themes were identified around these

values and are explored in more detail in the following sections.

4.4 \What do residents value? Location and context

A recognised, although intangible, aspect of heritage value is a sense that a
building adds to, or is an integral part of, its surroundings. ‘Character in the
landscape’ was the most important heritage aspect identified in the survey. It
was the third most important value overall and may be related to a strong
‘sense of place’, akin to the place based values highlighted in Chapter Two.
Case study participants in both designated and undesignated vernacular
buildings felt that their homes fit into the landscapes and added character to
local areas (CS2, CS6, CS7, CS9, CS10, CS11, CS16). CS9 thought that
vernacular buildings were much more sympathetic in the landscape than
modern buildings while CS10 considered this aspect to be a key part of their

building’s heritage value:

CS9: A photo of this part of town with the fells behind, or Elter water,
where it’s all stone-built, a photograph of that and the hills is just so
much more, | don’t know, satisfying than a photo of [a modern

development] and the hills... [Conservation area]
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CS10: If we say to someone, ‘oh, we live in the mill’... they’ll have a
story, like the guy who is coming to build the wall, he used to go past it
on his bus route to school. It’s so significant, that it’s part of people’s

Jjourneys... everyone knows where it is, it’s a landmark [undesignated]

Some participants also identified the reciprocal nature of this relationship,
with the local context increasing the heritage value of the individual building
in addition to the building adding to its context (CS8, CS12, CS13, CS15).
Cases in terraced houses often felt this the most strongly, identifying the
effect of the wider streetscape on the character of their homes, although
natural landscapes also played an important role. The role of the streetscape
is more likely to be recognised in designation, for example through
conservation areas, than the sense of the role of the building within its wider
landscape. The frontage of CS13’s house for example is listed because it is
part of the streetscape, and this is something that CS13 recognises and

values.

CS13: But really with the location as well, [it’s] been like this since,
probably the 1850s, | think. And when you see old pictures of the
market square you see our house looking pretty much like it does now,
So in that sense it’s part of the town heritage as well as the building
itself [Grade Il]

This aspect was also supported by free text comments from the survey with
participants who identified their homes as landmarks, or a part of the

character of the area.
focal point of mining village throughout 19" Century
Traditional terrace... in town centre. Very much of the ethos

Our house is a Victorian barn conversion adjoined by the Victorian
farmhouse and various farm labourers’ cottages. The whole complex is
important in the streetscape as an example of the Victorian conversion

of a Victorian farm on the edge of an expanding town.

Many residents therefore appeared to value the ‘sense of place’ that they

feel that their building has in the landscape. This may also be related to
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‘views’ and ‘specific location’ being identified as the most important non-
heritage aspects for survey respondents and suggests that place based
values may be important for Cumbrian residents. This sense of the building
fitting within its landscape can also be linked to the values that residents
identified around traditional construction and materials, which provide a

tangible link to locality.

4.5 What do residents value? Materials and construction

‘Traditional construction’ was identified as the second most important
heritage aspect by the survey respondents (Figure 4.3). This aspect seemed
to relate to an appreciation of local construction techniques and traditions,
which were also highlighted by many of the case study participants. This
included aspects such as local traditions and decorative styles which

participants had identified.

CS3: [The doors] were designed to be painted and the consequence is,
when some of it was removed, you see the infill panel here, is darker?
...apparently it’s very, very local, the doors manufactured on this side of

Shap are any old wood but on your side, they are matched.

CS16: That [decoration], if you go to the Mason’s Arms at Strawberry
Bank, that’s the same thing, it’s not a Fleur de Lys but that type of
style... suggesting that it is a local mason’s way of doing things...

[Figure 4.5]
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Figure 4.5: CS16's fireplace decoration, a feature replicated in other local
buildings

Note: image taken from recording of online visit.

Some survey respondents also identified a range of traditional features,

layouts, and local connections in the construction of their buildings.

Believe that some cupboard features in this house also match those in
other Lowther houses and were taken from Lowther castle when it was

decommissioned

Traditional layout with ‘firehouse’ and ‘downhouse’, cross-passage,
‘mell’, ‘heck’, open hearth, spice cupboard, scullery, pantry (including
massive slate shelf) and dairy under large ‘outshut’, 17th century oak

panelling and doors.

Traditional Lakeland stone structure using reclaimed ships timbers from
Whitehaven

The spice cupboard mentioned in the second quote is a common feature of
Cumbrian farmhouses from the 17" and 18" centuries. These built in
cupboards were located near the hearth to keep contents such as spices and
salt warm and dry (Woodcock, 2010). Of the case studies only PCS1 still has
an original spice cupboard although CS5, CS11, CS14 and CS16 have

features that may formerly have been spice cupboards and CS11 has
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created a new door for their cupboard space in the traditional style (Figure
4.6). Spice cupboards commonly had initials and dates carved onto their
decorative doors and these often related to significant events such as
marriages or inheritances (Denyer, 1991). These cupboards therefore
provide an example of tangible heritage value which can also provide

information on the history of the building and links to previous occupants.

Figure 4.6: L: PCS1 original spice cupboard (initials S M, dated 1674). R:
CS11's replica spice cupboard

Residents therefore appeared to appreciate the traditional construction
elements and local traditions associated with their buildings. Some residents
also identified these aspects in terms of their distinctive character, and the
‘special’ quality that they perceived them to give to their buildings for
example, CS9 highlighted the uniqueness of their garden fences, or one of
the survey respondents who felt that a certain level of knowledge was
required to appreciate their building.

CS9: between the gardens, they have slate fences, | love them! And
I've not seen them anywhere else except the very far north of
Scotland... My ex-husband’s dad used to work at [a local slate mine],

he used to cut the slate, so there’s a family connection there as well.
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These features would be identified and understood by anyone with
knowledge of the Cumbrian vernacular but to others would perhaps just
look ‘old’

Although materials were not one of the most important aspects in Figure 4.3,
they still appeared to be appreciated by respondents who perceived heritage
value in their buildings (Figure 4.4). Materials are an integral part of
traditional construction and free text comments highlighted a range of local

materials reflecting the geological diversity of Cumbria (Table 4.1).

Table 4.1: Survey free text comments on local materials

Area of Cumbria Survey free text comments
Probable location based on geology is also shown
Southern central Local stone built (Borrowdale volcanic stone) under

Lakes Westmorland slate

Central Lakes Typical local Lakeland slate construction

Unknown Local stone from quarry 100ft up the road

Northern, House is built out of locally quarried sandstone

eastern or the

west coast

Unknown Westmorland slate, local stone walls, sandstone ridge
stones

North central Weather-shot* Towse Yat Skiddaw slate

Southern It is made out of local limestone from the fell on which
it stands

*Weather shot construction is where slate wall courses are sloped slightly
downwards on the exterior so that water hitting the slate is shed away from
the building. The mortar is set back within the wall giving the impression
that it is mortarless (Brunskill, 2010).

The case study participants also invested value in the local and natural
materials used in their homes (PCS1, CS2, CS3, CS9, CS11, CS12, CS13,
CS14). Some participants highlighted sustainable aspects of using local
materials, while in the photo elicitation activity participants identified their
enjoyment of textures (Figure 4.7), natural materials (Figure 4.8), and human

connections to those materials (Figure 4.9).

CS2: It’s built out of the pink granite that comes from this valley, so, it’s
obvious that, in times gone by, we used local materials, and this is a

flagship of that isn't it?
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Figure 4.7: Photo elicitation: Textures in Sarah's house

*Note that, as discussed in the Chapter Three, pseudonyms were given to the photo
elicitation participants to increase anonymity.

Figure 4.8: Photo elicitation: Graham's 'most important piece of furniture'
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Figure 4.9: Photo elicitation: Brenda's initialled stones

The vernacular construction of residents’ buildings, using local traditions and
materials therefore seemed to be appreciated by residents, with evidence
that this may add a distinctive character to their buildings. These values are
very context specific and may provide residents with a sense of connection

to their individual locality.

4.6 What do residents value? Quality and character

Another important theme was the value that residents placed in the quality of
their homes. This was often highlighted by participants in contrast to the
perceived features and architectural quality of modern buildings (CS1, CS2,
CS4, CS5, CS8, CS9, CS11, CS12, CS13, CS14). Participants felt that their

buildings had better architectural quality than modern, mass construction.

CS8: Generally speaking, I like the way that this style of Victorian
house has been designed, I like the square rooms, | like the tall
ceilings... and none of that you get in a modern house... they are all
rabbit hutches | think

CS9: There’s a history there which, you know, | suppose is important
from an architectural point of view because after a certain point in
British architecture, if you've got any building with any sense of style it
is really expensive. General standard housing just stopped having any

architectural value really
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There was also a consistent link with an ephemeral sense of ‘character’
which participants were not necessarily able to elucidate or to relate to
specific features but which they nonetheless described as extremely
important. One example of this is the space, light, and proportions which
participants ascribed to their homes (CS1, CS6, CS8, CS16), (Figure 4.5).

CSt1a: ‘It’s the space, it's the whole proportion | think’ CS1b: ‘the height

of the rooms, the light in it’

Figure 4.10: Photo elicitation: Edward's internal spaces

While high ceilings and light were emphasised by many participants, others
in contrast, were more likely to focus on the ‘character’ and ‘cosiness’ of
small rooms and low ceilings (PCS1, CS11, CS12, CS14). Despite valuing
opposing architectural aspects, these participants also made comparisons

with modern construction.

CS11: [l like] The character, the low ceilings, it feels so incredibly cosy,
I love the textures of traditional materials. Going into a new house, it’s
Just this square, characterless box, you know, regular, | think I'd

struggle to live in a place like that....
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There is clear variation here, resulting from the varied architecture of the
case study buildings, but both groups emphasise the importance of character
and contrast it with more modern buildings, summarised in this survey

comment.

Character, a combination of things you don’t get in modern boxes -good
proportion to the rooms, traditional details and materials, a history

however modest.

Original windows were identified by several participants as features that
added to the distinctive character of their homes (CS1, CS3, CS5, CS8, CS9,
CS12, CS14). Participants and survey respondents highlighted a range of
different window styles from ‘sashes’ through ‘stone mullions’, ‘stained glass’
and ‘quatrefoil windows’, to one respondent who had ‘shutters unique in
England (according to Eng. Her.)’. The values that residents invest in their
windows may therefore relate more to the original nature of the windows, the
traditionally manufactured glass, and the overall character that they bring to

the building rather than to a specific window type.

CS3: On the front they are leaded windows. | really like the leaded
windows a lot from both inside and outside... That reflection of trees in

the leads, | love

CS9: There are just so many things that make it, not unique but special,
you know, the windows, the beautiful window lights, and the beautiful
windows... it's wonderful, it's wobbly glass... | like the fact that | can
look at it from different angles and see a different shape outside!
[Figure 4.11]
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Figure 4.11: Case study original windows

Participants also felt that the craftsmanship of original internal features
added to the quality and character of their homes (CS1, CS2, CS3, CS7
CS8, CS11, CS12, CS14, CS16). A somewhat eclectic range of features was
highlighted during site visits and in the photo elicitation activity. Once again,
these features were often compared, either explicitly or implicitly, with
modern alternatives (

Figure 4.12).

CS8: Well for instance, if you look at the wainscoting, modern
wainscoting is very small and thin and made of some sort of cheap

wood, this is rather larger, and | like tall wainscoting.

CS11: I love these, these doors are original 18" century, these are
handmade by a blacksmith, all different. As a craftsman myself |
appreciate that sort of thing, that’s it’s lasted so well. Yeah, | think about
the guys who built it at times, and the tools that made the marks on

here, the adze marks... | feel | belong here.
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Figure 4.12: Photo elicitation: Steve and Caroline's fireplace and fireplace
detail

4.7 What do residents value? History and connections

The majority of participants also valued the history and connections to the
past that their home provided, again, associating these with the elusive
‘character’ (CS1, CS2, CS4, CS5, CS6, CS7, CS9, CS11, CS12, CS14,
CS16). These values related both to their actual knowledge of past events
and occupants, and to a more intangible sense of the history and evolution of
the building, along with their own sense of belonging within it (Figure 4.13
and Figure 4.14).

CS2: | like the fact that I live in historical buildings, because | like the
social history that’s happened before, it makes the building interesting,

it gives it character, yeah, for me, | feel that I'm part of that history now.
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Figure 4.13: Photo elicitation: date stone on Steve and Caroline's house

Figure 4.14: Photo elicitation: the story of the past that Tony's building tells

Specific features were identified by some participants (CS3, CS4, CS7,
CS12, CS14, CS16) as giving them a sense of connection to previous
residents and helping, as Tony said, to ‘tell the story of past use’. A variety of
features were identified, some of which were still in use although others had

become decorative.
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CS3: [the house] was built for some people in the big house next door

who wanted to get rid of their 34-year-old son... although it was built in

1928 it was still built as a miniature stately home with servants, as you
see up there, we have the bells! ...this was actually below stairs

originally.... And it was literally a green baize door [
Figure 4.15].

Figure 4.15: CS3's 'servants bells' no longer function

CS14: Things that I fell in love with, were like, this table, which must

have been assembled in situ as you can see, they would never have

got itin! (laughter) And there’s about three ages of construction in [it]
[Figure 4.16]

Figure 4.16: CS14's in-situ table
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Steve and Caroline identified a cheese press (Figure 4.17) and a mounting
block (Figure 4.18) as features that they valued because of their connection
to previous occupants. They also had an old photograph of their house

showing some of the previous residents and their animals (Figure 4.19).

Figure 4.17: Photo elicitation: Steve and Caroline's cheese press

Figure 4.18: Photo elicitation: Steve and Caroline's mounting block
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Figure 4.19: Vintage photo of mounting block and carthorse outside Steve
and Caroline's property

Participants were often interested in what could be termed the ‘micro-history’
of their building, such as details of previous residents, why certain layouts

exist and what certain features may have been used for.

CS16: [For] people who worked on the house, it was considered good
luck to leave a woman’s shoe or a child’s shoe under the floorboards...
so we found an old clog and a child’s clog under the floorboards in the
loft, so they just went back where we found them, so these little signs of
the people who lived here.
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Engagement with local memories and recent, previous residents enabled
some participants to discover that the unusual layouts of their buildings had
resulted from property divisions as a result of inheritance settlements. CS13,
for example only owns half of the first floor above their ground floor footprint
but they own almost all the outdoor courtyard space behind the house. They
discovered that this was because when two sons inherited their father’s
house and carriage business, one received the business and a smaller
portion of the house while the other received the larger house but gave up
their share in the business. CS7 and CS12 had similar scenarios with
property layouts resulting from inheritance, although in CS7’s case they had
recombined the original farm complex through several purchases over the

course of their long ownership.

Several participants had invested a lot of time in researching the previous
history and usage of their homes. Many had identified a range of former uses
although they often struggled to identify how old their homes might be with
any certainty (Table 4.2). This was especially challenging for buildings
constructed before the development of large-scale maps in the late 18" and
early 19" centuries. A lack of detailed knowledge did not however appear to
reduce participants’ appreciation of their buildings’ sense of age and history.
Many participants were interested in history more generally and CS4, CS6

and CS7 were all members of the Cumbria Vernacular Buildings Group.

Table 4.2: Former use and potential age of case study buildings

Case Former use Probable age

PCS1 Farmhouse At least 1674 (based on spice
cupboard)

CSt1 Squire’s house (extended  ¢.1820s with much earlier elements

on older farmhouse)

CS2 Miner’s cottage At least 1740s

CS3 Gentleman’s home 1928

CS4 Mill Mill on site since 1290, current
footprint mid 19" century.

CS5 Possible chapel 1897 with earlier elements

CS6 Farmstead, land belonged Unclear, at least early 1700s with

to local priory until
reformation

Victorian extension
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Case Former use Probable age
CS7 Farmhouse and At least 1789 based on date stone
outbuildings
CS8 Townhouse 1871 dedicated housing
CS9 Terraced house 1896 dedicated housing
CS10 Mill Unclear, at least 1826 as appears
on map, likely to be older.
CS11 Terraced house Unclear, c.1760s based on
construction
CS12 Terraced house Unclear ¢.1700 based on features
CS13 Courthouse, carriage 1834 based on maps and records
business
CS14 Farmhouse At least 1770s has some earlier
features
CS15 Possible weaving At least 1850s based on original
workshop and dwelling deeds
CS16 Possible weaving Unclear, at least c1800 and
workshop, farmhouse possibly older

The survey respondents meanwhile reported a diverse range of building
uses, including a headmaster’ house, shops, public houses, barns, laundries,
workshops, farmhouses, and dwellings. In addition to building uses,
respondents also highlighted a range of former occupants, including authors,
musicians, locally important families, generations of craftsmen, game
keepers and even border reivers. Residents therefore appeared to value
their connection to local events and micro history, even if they had only
fragmentary knowledge. Sarah identified a window in the former rear wall of
her home as making her think of, and feel connected to, previous occupants,
with her thoughts focused by the UK lockdown for Covid-19 (Figure 4.20).
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Figure 4.20: Photo elicitation: Previous back wall of Sarah's house

The history that participants identified and valued in their buildings was not
necessarily more widely important, relating to special events or people of
national interest. It related more to the micro and domestic history of the
building and the daily usage of features that were still present. The sense
that: 'l am a part of a sequence of people for hundreds of years who have
lived here’ (CS14) or a connection because ‘you feel the history as you walk
around’ (CS2). This appreciation of the age and history of the building is
illustrated by the photos that George took of three beams to show the impact
of his building’s use over the centuries and the values that he associates with

this sense of age. (Figure 4.21, Figure 4.22 and Figure 4.23).
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Figure 4.21: Photo elicitation: George's beams 1

Figure 4.22: Photo elicitation: George's beams 2
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Figure 4.23: Photo elicitation: George's beams 3

In summary then, specific aspects that residents’ value are varied and
individual. However, many of them appear to evoke a sense of the building in
its context, a respect of its local construction and materials, an admiration of
its quality and craftsmanship and an appreciation of the building’s history and
sense of age. These aspects can all be related to the overall ‘character’ that
residents strongly recognised in their buildings. A clear sense is developed of
how much residents value the individuality and authenticity of their homes,
especially in contrast to the characteristics that they perceive for modern

construction, as summarised by CS5:
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[It’s] off a catalogue, a book they have with ‘the Marlborough’ (laughter),
there’s kind of a street but basically, it's the same across the country...
The design [of modern buildings] is just, pathetic, I'd like to see some
decent architects, designing aesthetically pleasing houses, not, ‘mock

Tudor, executive homes.’ (CS5)

4.8 Reasons to purchase and reside

The length of time that participants had resided in their buildings ranged from
one to 52 years (Table 4.3) The average length of occupancy was 22 years,
although four participants had been living in their homes for over forty years.
A number of participants who had lived in their houses for a long time felt a
definite sense of ownership and emotional investment in the building (CS1,
CS3, CS4, CS5, CS7, CS11). CS11 has lived in their home for 46 years and
has a very strong attachment to it because they inherited it from their
grandmother whom they spent summer holidays with as a child. CS1
meanwhile felt a strong connection to the building because:

CS1b: The fact that our family has grown up here, | think. CS1a: We've

put a lot of ourselves into it. (32 years occupancy)

Table 4.3: Participants’ years of occupancy

Cas

e
pyy o - N ™ < o] ©
(7)) - 3 ™ < Ty} © N o (2] - - - - - - -
o nu u 0O 0O 0O unu u unu u u unuo u unuo u u u
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Year 22 32 1 25 52 41 21 40 10 27 1 46 12 2 18 6 11

Average occupancy 22 years

Age and heritage value was a significant decision factor for nine of the case
study participants when looking to buy or move to their homes. PCS1, CS1,
CS2, CS4, CS5, CS8, CS9, CS12, CS14 were all specifically looking for an
older building, ‘something with a bit of character (CS1). CS7 and CS13
meanwhile both looked at a variety of houses but quickly came to realise that

an older building was what they wanted.

CS4: 1 was an engineer and mills fascinated me... the fact that it still

had the machinery in it was a big attraction.
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CS13: We looked at couple of more modern houses and just, the room
sizes and garden sizes weren't really doing it... the whole feel of the
building really, and a lot of that is the heritage ... we came to see this
one, walked in the front door and it was like visiting a relative’s house,

you know? It’s not quite coming home but it’s a familiar place

Three participants meanwhile (CS6, CS15 and CS16) did not feel that age
was a major factor in their decision making when they decided to purchase
their homes. CS15 was mainly influenced by the location and CS16 by the
practicalities that the house’s space and layout provided. CS6 meanwhile

purchased their house:

...on the strength of what they’d done to the kitchen... we prefer an
older building, but it wasn’t a major factor in the decision making.
[Figure 4.24]

Figure 4.24: CS6's kitchen in the modern part of their house

Note: At the time of the site visit there were also decorators in the house, hence the dust
sheets visible in this image.

CS3 had spent time in their house prior to purchase as the previous
occupants were family friends. They liked everything about the house, so

when the opportunity arose, they bought it. CS10 meanwhile was offered the
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house by friends and bought it because of the rural location and because an
attached holiday let would provide them with a pension in the future.
However, although the heritage nature of the building did not enter into their

decision making at the time of purchase, a year on:

CS10: Now, we love it because it’'s an old building but when we were
buying it, it was irrelevant... But that’s why we love it so much now,
definitely! ... | think | didn’t let myself love it until we were actually in it.
[Figure 4.25]

Figure 4.25: CS10 now love their house because of its heritage despite
buying it for practical reasons

Note: Photo extracted from recording of online visit

The heritage nature of the buildings was therefore a factor in many of the
participants’ purchasing decisions. Even those for whom this was not a factor
however had come to appreciate and value the heritage aspects of their
homes. The survey did not ask people why they had chosen their properties,
but three respondents mentioned this in their comments, highlighting the

traditional materials, building age, and location as purchase factors:

My wife and | always wanted to live in a stone-built house. Rural village

location was also important purchase factor.

Moved to this property due to location and right rental price
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We have been in the house for 5 weeks but really want to learn more
about the history and the people who lived here before us. The age of

the house was what drew us to buying it.

4.9 Discussion

Residents’ heritage values have been explored, to build on existing research
and present new findings to contribute to an understanding of the type and

nature of these values.

The majority of residents in this study invested heritage value in their
buildings, regardless of their official heritage designation. Formal designation
is therefore not the only, or most important, factor, in residents’ appreciation
of heritage value in their buildings. If this is representative of residents of
vernacular buildings more widely it could suggest that up to eight million
(28%) of the UK’s homes are perceived to have heritage value by their
residents. This compares with approximately 1% of UK buildings which are
listed. The effect of designation on participants’ definitions of their homes as
heritage buildings may however have implications for how information should
be directed to residents of these buildings, for example around heritage

sensitive retrofit measures.

Addressing research sub-question 1a, it appears that residents invest a
broad range of both tangible and intangible values in their buildings which
contribute to an overall sense of character and connection to the building.
Some aspects which are often recognised in heritage designations, such as
historical importance, architectural styles, building streetscapes, and
particular materials are important to residents. There are however other
aspects and features valued by residents which are rarely recognised in
designations, including contrasts with modern mass construction, quality and
craftsmanship, and a broader range of personal and cultural connections

with place, geography, and history.

The values that residents invest in their homes relate directly to the

connection that they have with their buildings. These values were individual
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and specific but had a strong relationship with local landscapes, materials,
construction traditions, and history. This sense of heritage has motivated
many participants to attempt to find out more about their buildings’ history
and this knowledge has contributed to residents’ appreciation of their
buildings and their ongoing relationships with them. However, a lack of
specific knowledge did not inhibit residents’ appreciation of their homes’
value or their sense of the buildings’ age. A sense of connection to previous
occupants, and the place of the building in past contexts, is also an important
aspect for residents, both as part of the general character of the building and
in relation to specific features. In common with findings by Eriksson (2018),
when residents’ values were examined in more detail, intangible values
around context and character appear to the most important, with specific
features valued more for their sense of connection to more abstract concepts

rather than necessarily as individual objects.

It is therefore clear that such values and connections are important to
residents and, as will be seen in later chapters, have a significant influence
on how they live in their home, as well as how they maintain and change it as
part of an ongoing relationship. At the very least, the evidence suggests that
it is important to engage with residents to understand the values they see in
their properties and, in particular, the need to look beyond only designated
buildings and official interpretations of value. This has implications in a
number of areas around policy, operation, and retrofit of these buildings,
which in turn can have a significant impact on carbon reduction in residential

vernacular buildings

4.10 Conclusion

This chapter has examined the types of values that residents invest in their
buildings (RsQ1a). All case study participants and the majority of the survey
respondents in both designated and undesignated buildings considered their
homes to have heritage value. Official designations appeared to have little
influence on residents’ recognition of heritage value but potentially influenced

the designations that residents associated with their homes.
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Residents invest a range of both tangible and intangible heritage values in
their homes and while these values may fit general themes, they are also
specific and individual. The location and context of their home as part of the
wider landscape or streetscape was considered important by most residents.
Traditional construction and local materials of vernacular buildings were also
valued by residents, perhaps enhanced by the geological diversity of
Cumbria. The quality and craftsmanship of these buildings was also a key
factor particularly in contrast to modern mass construction. The sense of
history and connection to previous residents was the final theme identified,
with residents valuing the age and histories of their buildings, however
modest, even if they knew only limited details. All the case study participants
came to invest heritage values in their homes, even if heritage aspects had
not been an important factor in their purchase decisions.

Overall, many of these values appeared strongly related to a sense of
connection that residents had with their buildings, which was linked to a
sense of the character of their homes and influenced by context, construction
and sense of history, place, and locality. This level of connection and
significant investment of value is highly likely to affect residents’ views and
behaviours and thus their interrelationship with their buildings. It is also likely
to affect the retrofit measures that they may consider acceptable and will

therefore enact.

Some material in this chapter has been previously published in (Wise, Moncaster
and Jones, 2022; Wise, Jones, et al., 2021; Wise, Moncaster, et al., 2021)



Figure 4.26: CS3 and CS4



Chapter 5. Acceptability of, and barriers to, retrofit

5.1 Introduction

This research has demonstrated that residents invest significant, and varied,
tangible and intangible heritage values in their buildings (Chapter Four). This
chapter considers how these values effect the retrofit measures that
residents consider acceptable (RsQ1d) and the barriers that they perceive in
reducing carbon from their vernacular buildings (RsQ1e). Because domestic
retrofitting is largely instigated and managed by residents, the acceptability of
these measures and the barriers that residents consider important are critical

to the likely enactment of retrofit projects.

These questions are examined by drawing on the survey and the case study
interviews, retrofit matrices and building tours. The retrofits that residents
have already undertaken, and their assessment of their effectiveness, are
explored. The measures that they might consider in the future are examined
and the barriers that they perceived to be important are identified. The
information sources that respondents might access and their satisfaction with

these sources is also examined.

5.2 Previous retrofits

The survey respondents were asked to indicate the retrofits that they already
had from any of the 23 potential retrofits identified in Chapter Three (Figure
5.1). Like the vast majority of existing buildings, those belonging to
respondents had already had various levels of alterations, refurbishments
and retrofits over their lifespan, undertaken by either current or previous

residents, all of which affect their energy performance.

The retrofits that had already been installed by the majority of respondents
were measures such as loft insulation (86.3%) energy efficient lighting
(80.8%), and draught proofing (55.5%), while energy efficient appliances
(44%), boiler upgrades (40%) and thermal curtains (33%) had been installed
by over a third of respondents. These measures are amongst those that
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have been commonly promoted and supported by various government
initiatives over recent decades and this will have influenced installation rates
(Fawcett and Topouzi, 2020). However, these measures are also some of
the least likely to have a substantial visual impact or to require the removal of
existing material. They may therefore also be less likely to adversely affect

residents’ heritage values.

Figure 5.1: Percentage of survey respondents who had already installed
retrofit measures (N = 147)

Comparatively few respondents had installed renewable technologies, with
the most common being solar PV at 15%, followed by biomass and solar
thermal at 7% and 6% respectively. Very few respondents currently had heat
pumps. Comments suggested that those who had installed GSHPs were
likely to have done so as part of a larger, whole house retrofit package
including insulation and other renewables. The types of alterations that they
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had made suggested twin concerns with carbon reduction and the

compatibility of retrofit materials with vernacular construction.

| have installed a ground source heating system and rendered the
outside walls with diathonite [insulating lime/cork plaster] and lime
render. If | need further heat, | light one of my two wood-burning

Clearview stoves... The logs come from timber on my own land.

| tried to keep any old feature... | placed on the external walls a 10cm

gap on the inside and filled it with wool insulation... | did not want to
burn fossil fuels so looked around for any alternative, in the end | put in
Ground source heat energy, with a log burner to boost when necessary.
Not the cheapest option, but morally there was no argument. Finally, as

the cottage faces SSW, | have 12 PV panels on the roof.

Original windows are often considered a focal point in designated heritage
buildings and are also something that residents in this research were found
to value, with 14% of respondents specifically mentioning the importance of
their original windows in comments on heritage value (section 4.6).
Approximately 40% of respondents still have at least some original windows
in their building, 30% have at least some replacement wood framed glazing
and 27% have UPVC framed glazing while only 1% have glazing with metal
frames. Around a third of respondents have thermal curtains (33%) and

secondary glazing (28%), while 13% have interior shutters.

Internal and external wall insulation, which are other common retrofit
measures, had only been installed by 11% and 7% of respondents
respectively. Window replacement and wall insulation are measures that are
likely to have a substantial visual impact and may therefore negatively affect
residents’ heritage values. The lower take up of these measures may
suggest that respondents’ choice of retrofits is influenced by their heritage

values.

Considering the measures that case study participants have already installed

shows a similar picture to the survey (Figure 5.2). Energy efficient lighting
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and loft insulation were once again the most common measures, followed by
boiler upgrade, although more of the case study participants had energy
efficient appliances. Participants were asked to consider a very similar list of
measures, the only difference being the addition of water source heat pumps
(WSHP) and wind turbines as additional renewable technologies, and the
improvement of heating/domestic hot water (DHW) controls based on

suggestions in the survey responses.

Figure 5.2: Case study retrofit measures already installed (N = 16)

Many of the participants had resided in their properties for a significant
period of time and had therefore made, or at least considered, a range of
retrofit measures. Only CS10 did not currently have energy efficient lighting
throughout and were in the process of swapping out failed bulbs for LEDs.

CS10 was also in the process of getting their loft insulation replaced because
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the current insulation had been installed incorrectly. CS11 was the only
participant unwilling to install loft insulation; this is because their roof forms
the ceiling of the bedrooms and has the original lathe and plaster and reused
medieval beams visible (Figure 5.3). Most participants felt that they had
replaced their boilers fairly recently; a term which they appeared to associate
to a timeframe of the last ten years. CS1 and CS3 were both planning to
replace their boilers in the next 12 months. CS7 however felt that they were
unlikely to replace their 12-year-old boiler until it stopped working because
they thought that this would be wasteful.

Figure 5.3: CS11's reused medieval beams and lathe and plaster ceiling

Nearly all participants had made some attempt at draught proofing, but most
felt that there was more that could still be done. Eight of the participants felt
that they had ‘done’ draught proofing, including CS1 who felt that the effect
had been: ‘massive, for the front door... we've had several goes at the front
door!” CS14 is cautious about additional draught proofing as they felt that the
ventilation provided by the draughts is important for moisture management,
which is something they have challenges with (section 6.6).
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Some participants have installed wall or floor insulation but only in some
rooms. CS1 and CS5 have floor insulation in their main sitting room and CS7
in their garden room, all having taken advantage of the need to replace
damaged floors. CS6 has internal wall insulation in the bathroom in their
Victorian extension. They have found this insulation beneficial, and they are

planning to extend it into the rest of the Victorian section.

CS6: It was a cold, cheerless room... we put in the wall insulation, and

it made a huge difference.

In common with the insulation measures, several of the participants have
partially replaced, or added to, windows. CS4 and CS16 have wood framed
double glazing throughout and CS6 and CS10 both have UPVC framed
double glazing throughout. CS6’s UPVC double glazing is a conservation
product that is designed to look similar to the previous sashes (Figure 5.4).
The remainder of the participants were found to all retain at least some of
their original windows although the proportions vary. CS7 has one original
sash with the remaining windows replica double-glazed timber, CS8, CS9
and CS13 have original windows in their main building and double glazing in
their extensions. Five participants (CS2, CS3, CS5, CS11 and CS14) have

original windows throughout.
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Figure 5.4: CS6's UPVC replica sashes and shutters in the Victorian
bathroom with internal wall insulation

Three of the case study participants, CS2, CS12 and CS16, had undertaken
more extensive retrofitting to varying levels of effect. CS2’s property was
extensively retrofitted just before they moved in, although fewer changes
were made than originally planned due to project costs. The stonework was
repointed externally, a new concrete ground floor was laid, the loft was
insulated, and the original windows were refurbished and draught proofed. A
new heating system based on high efficiency modern storage heaters with a
woodburning stove as a booster system was installed. A thermal storage
tank for hot water was also added. An electric heating system was installed
because the cottage benefits from a micro-hydropower system so onsite
electricity generation can cover part of the building’s heating demand. The
residents feel that post retrofit, the cottage is significantly better than it would
have been previously, however they are unhappy with the heating system as
they find it that it uses significant electricity while not meeting their needs in

terms of timing or temperature.
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CS12 made significant alterations to the more modern extensions to their
house. They externally insulated and re-rendered the 1970s main bedroom
extension with wood fibre board and lime and constructed their own super
insulated timber frame dining room extension in place of a former concrete
outhouse. They also insulated the sloped ceiling in the loft space, which is
used as an office, although they only installed a limited thickness of wood
fibre insulation as they wanted to keep the original beams visible. They feel
that these changes have made an ‘amazing’ difference to their level of
comfort, and also solved damp issues that were extant in the main bedroom.
Their main regret was that they did not insulate and install underfloor heating
in the living room floor in the main house, as they did in the dining room

extension, because they find it very beneficial.

When CS16 bought their home ten years ago it required significant work. As
part of an eight-month project they installed thermal plasterboard, added a
new concrete ground floor, and replaced all the windows and the roof. They
also installed a new heating system and solar thermal panels, remarking that
‘We probably used up our carbon footprint for decades!’” They felt that the
retrofit made a substantial difference overall and are pleased with the
performance of their solar thermal panels, which prevents them needing to
use their boiler for hot water for long periods in the summer. A side effect of
such a substantial retrofit however is that they now feel that it may be a

barrier to investing time and effort in making further changes.

CS16: It was a huge project ten years ago so it's a mental shift to think,
Ok, we need to carry on improving from where we are... it's having the

capacity to explore it and see the benefit and get on and do it.

5.3 ‘Soft’ retrofit measures

So far in this chapter, the measures discussed have been mostly technical
improvements to the building fabric or its energy systems. However, what

could be termed fixture retrofits which are attached to primary or secondary
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buildings elements (and which are easily reversible), and fitting retrofits
which are not fixed to the building fabric at all, may also have a useful role in
reducing energy use and improving comfort. This can include traditional
measures such as wall hangings or innovative products such as
thermoelectric fans, which are not normally considered in retrofit approaches
(Chapter Two). The term ‘soft retrofits’ is chosen in this research for these
types of measures and some of those already used by participants appeared
to have a good effect.

A number of the case studies had window additions such as shutters,
thermal curtains or secondary glazing and the majority of those with original
windows had also had at least some of them refurbished and draught sealed
so that they functioned more effectively. Four participants (CS1, CS5, CS8,
CS11) have secondary glazing on some of their windows which they feel has
made a positive difference to their buildings and some are actively

considering installing more.

CS8: Probably this year we're going to do the back as well... | think the

secondary glazing would tackle any draught problems there.

Three of the case studies (CS1, CS14, CS15) made use of existing original
internal shutters on some windows, which they feel are exceptionally good at
reducing heat loss. CS6 has original shutters downstairs in the main house
and was so impressed that they installed similar ones upstairs when they
retrofitted their bathroom (Figure 5.4). CS16 meanwhile has modern louvre
style shutters and CS12 has what they describe as a ‘glazed shutter’ for their
living room window. This is a double-glazed unit which can be folded back in
summer and was designed so that the window dividers match those on the

original (Figure 5.5).

CS1b: we've got functioning shutters in two of the downstairs windows

which is great... they are very good; they make a massive difference.
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Figure 5.5: Case study shutters

10 of the 16 case studies already had thermal curtains or similar, at least in
part, and felt that they were beneficial.

CS7: They’re not thermal curtains but they are heavy and lined and the

rooms do get warmer quicker [when we close them]

The potential of other types of soft retrofit can be illustrated through
measures taken or utilised by a number of the case study participants. CS1
for example actively manage their conservatory for solar gain, including
using traditional wood slat blinds commonly used in southern France to

manage overheating in the summer.

CS1: Because we've got a south facing conservatory, certainly from

mid spring, we get solar gain, which is fantastic, and even today



Chapter 5 Page 159

[February], once the snow had stopped and the sun came out, that
conservatory gets really warm, we open the door and all that heat

comes into the house, it’s really great.

Many patrticipants identified front doors as a source of draughts. CS6 and
CS15 benefit from their original draught porches, while CS12 has installed a
wooden draught porch- which can be easily removed if large objects need to
be bought in- for their front door, which opens onto their living room. CS8
make use of a heavy curtain on windy days to cut draughts from their front
door and CS13 have created a movable draught excluder to keep the
prevailing sea wind from penetrating their front door which opens directly into

their living room (Figure 5.6).
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Figure 5.6: Case studies door draught solutions

Internal draughts are also managed to keep heat in occupied spaces. CS9
uses a curtain to close off their living room (which is in their cellar), from the
ground floor of the house which can be draughty, thus keeping the heat from
the wood burner in the living room, and CS10 have curtains in their hall to

reduce heat loss to unheated areas:
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CS10: We've put two curtains in, one at the top of the cellar door, one
in between the front door and stairs that go up to the kitchen and we

have a few draught excluders in strategic places.

CS4 have taken this one step further and have a curtain across the room,
dividing their living room from the open plan dining room space that they only
rarely use. They reported that this has resulted in them being able to have
the same level of comfort in their living room while turning their thermostat
setting down by 4°C. They also have a large wall hanging which they find
reduces heat loss to their cold stone walls, thus increasing their comfort. As
a final example, CS2 have a small wood stove, used daily to supplement
their storage heaters, but which they feel is undersized. Rather than buying a
larger stove at considerable financial and environmental cost, they are now
using two thermoelectric fans to disperse the heat from the stove more

evenly around the room, and indeed, the rest of the ground floor.

CS2b: it even makes a difference in here [kitchen], if the door’s open,
doesn'’t it? The heat now comes through here from the stove. CS2a:

They’ve been brilliant, we've noticed a massive improvement
[Figure 5.7]

Figure 5.7: CS2's thermoelectric stove fans
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Residents therefore appear to already have a range of common technical
retrofits, as well as making use of a variety of less permanent ‘soft’ retrofits.

The next section considers the acceptability of potential future retrofits.

5.4 Acceptability of future retrofits

To understand the sort of retrofit measures that residents might be willing to
enact, the 147 survey respondents were asked whether they would consider
installing any of the retrofit measures in the list that they did not already have
(Figure 5.8). This meant that the number of respondents, shown in brackets
in the figure, varied for each measure. Respondents were asked to only
consider the impact of the measures on their buildings’ heritage value, and to

ignore planning and cost constraints.

Figure 5.8: Acceptability of retrofit measures to survey respondents
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The six most acceptable retrofit measures were those which were unlikely to
have a visual or physical effect on the building, such as energy efficient
lighting and appliances, draught proofing, or boiler upgrades. These
measures were therefore less likely to affect the values that respondents
invested in their buildings however, they were also measures that the

majority of respondents already had.

Loft insulation was the most acceptable insulation measure although the vast
majority of survey respondents (86%) already had it. Over a third of
respondents (38%) were willing to have floor insulation now and another
43% might be willing in the future. Despite wall insulation being a commonly
recommended retrofit for vernacular buildings neither internal (IWI) nor
external wall (EWI) insulation was attractive to respondents, although the
proportion of those who would definitely not install EWI (62%) was
significantly higher than those who would not install IWI (41%). This may be
related to the increased external visual impact of EWI, especially in Cumbria

where many vernacular buildings have bare stone facades.

‘Windows wood’ was the most acceptable window alteration (44 % willing
now), and thermal curtains were also popular with 39% of respondents
willing to install them now, while 30% were willing to have secondary glazing.
Despite the effectiveness of shutters reported by the residents that already
had them, only 17% of respondents were currently willing to install interior
shutters but 37% might be willing in the future. These measures could all be
said to be heritage sensitive, through their use of sympathetic materials or
because they have a limited visual impact. Conversely, the majority of
residents would not be willing to install UPVC windows (73%), exterior
shutters (72%) or metal windows (82%) which may have a more substantial

effect on heritage values.

Considering renewable energy technologies, solar PV panels were the most
acceptable (41% willing) followed by solar thermal panels (35% willing),
suggesting that visible renewables may be more acceptable to respondents

than other externally visible measures, and in contrast to their planning
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acceptability in designated buildings. ASHP and GSHPs, which are a key
part of UK government’s plan to decarbonise heat, were less attractive,
although around 40% of respondents were usure and might be willing to
consider them in the future. Only 14% of respondents were currently willing
to install biomass boilers and this was something that just over half of
respondents (51%) would not do.

The ‘other’ category provided respondents with the opportunity to describe
additional measures that were not included in the current list. Six
respondents felt that the traditional construction of their buildings precluded
certain measures, such as wall insulation or heat pumps. Four respondents
mentioned either domestic or community wind turbines and four described

challenges with window replacements around planning and cost constraints:

I would very much like to be able to install double glazing units into our
existing traditional sash windows. This is technically possible but not

under conservation area rules.

[someone needs] to design [replica] Georgian wooden sashes that are

draught proof and double glazed... that are affordable.

Three respondents mentioned the financial viability of measures. Two
suggested underfloor heating as a useful measure, something also
supported by the case studies. Two respondents expressed confusion about
what some of the suggested retrofits were but felt that: ‘if it helps energy
conservation — yes.’ This suggests that respondents were willing to engage

in activities which might reduce their energy and carbon emissions.

The most acceptable changes therefore appear to be those with little or no
visual or material impact. Externally visible changes such as window
replacement and external wall insulation are unacceptable to the majority,
although visible renewables such as solar panels were more acceptable to

respondents.
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The case study participants completed a retrofit matrix (Chapter Three)
covering a similar list of retrofits, as discussed in section 5.2. As they
completed the matrix, they were asked to describe any challenges that they
considered pertinent for each retrofit. Four broad categories, impact on
heritage/aesthetics; planning constraints; cost of measure; and practical
issues, were provided as prompts, although participants were also
encouraged to describe any other issues. They were also asked to state
whether, in summary, each measure would be something that they would

consider or not.

The retrofit matrices and accompanying recorded summaries for each case
study have been condensed and summarised (Figure 5.9). The colours in the
chart below show the overall acceptability of each measure for each case,
the ‘not applicable’ category was for measures such as chimney balloons if
participants did not have open fires, or secondary glazing if all windows were
already double glazed. The letters indicate the primary and secondary
constraint or challenge which influenced the overall decision, where this was
elucidated by the participants. In addition to the four categories considered
above, disruption, and a need to think further because a measure was not
something that they had previously considered, were additional categories

that emerged during the analysis.
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Figure 5.9: Condensed retrofit acceptability matrix for case studies, showing
acceptability and key constraints

Looking at those retrofits that participants would not consider, the majority
found changes with a visible impact, such as wall insulation and window
replacement, unacceptable, generally attributing this to their impact on

heritage value. Renewable technologies were more acceptable and more
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likely to be affected by viability/practicalities, although heritage impact was
still an important factor for many participants. Window additions such as
curtains or internal shutters, and floor and loft insulation were more
acceptable to most participants, as were changes such as energy efficient
lighting and boiler upgrades, although most had already enacted these.
Impact on the heritage values that residents invested in their buildings
appeared to be a key determinant of a measure’s acceptability. There were
significant variations between what different participants considered
acceptable for their specific contexts as will be explored below. However the
overall pattern of acceptability is similar to that of the survey respondents.

Several participants were interested in applying measures only to parts of the
building, such as CS11 who was considering a small area of insulating
external render on the already rendered facade of their home, or CS3 who
felt that it might be acceptable to replace their single glazed sashes on the
north side of their house with double glazing but were determined to keep the
original leaded windows on the south facade. CS13 meanwhile was
interested in applying either internal or external wall insulation to their
modern rear extension but not to the main building. Because this was a

modern extension, they felt that it did not present heritage concerns.

Participants were already familiar with most of the measures listed but some
were new to them or were things that they had not considered in the context
of their own building. For some of these measures they identified the need to
consider them further before they could come to a decision, although for
some, they were able to immediately give an opinion. Unfamiliar measures
included thermal curtains for CS5 and CS8, secondary glazing for CS9 and
internal or external wall insulation for CS7. Several participants were unclear
on how heat pumps actually worked and a discussion of the technology and
its level of efficiency in a UK climate was required before they could
complete the matrix. Wall hangings were also a measure that was less

familiar to participants but which they quickly understood.
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5.5 Barriers to retrofitting

Participants identified a range of different reasons why particular measures
might be either unacceptable or challenging to deploy.

Impact on heritage value was a key consideration for the majority of
participants. Rather strangely, six participants were willing to consider solar
PV panels while only three would consider solar thermal. CS3, CS5, CS8
and CS12 were concerned as to whether solar thermal panels would ‘fit’ the
character of their buildings, sentiments that they did not express nearly as
strongly for solar PV. IWI was slightly more acceptable to participants that
EWI because it had less external impact. However, in addition to concerns
about space reduction, several participants had internal features whose
heritage value would be detrimentally affected by wall insulation (CS1, CS4,
CS5, CS10, CS11, CS12) (Figure 5.10). CS11 for example, appreciated the
texture of their lime plastered walls and contrasted them with the
characterlessness of drylining in places that they had visited.

CS11: This wonderful old stonework and they’ve drylined it... I'd rather
be cold than that!
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Figure 5.10: Case study internal wall features

Participants also exhibited concern about the cultural appropriateness of
measures, with all participants for example feeling that exterior shutters were
unacceptable to their heritage values. This was because these shutters were
not considered appropriate in a Cumbrian context despite acknowledgement
that, in other regions, they would be acceptable, and even desirable, with
CS16 noting that: ‘In the south of France everywhere has got shutters...’
while CS4 characterised them as ‘too continental’. In contrast, seven
participants felt that interior shutters would be appropriate, with a further five
usure. Several participants felt that reinstating interior shutters would actually

contribute to enhancing their building’s heritage value
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CS13 ‘In terms of heritage it would look great with the house... it's what

the building should have.’

Disruption was an issue that emerged as a barrier in the analysis, in terms of
the scale of work, such as lifting floors for underfloor heating (CS6) or
redecorating after installing IWI (CS7), and also because of personal
circumstances. CS4 and CS15, where all participants are over eighty years
old, were concerned about the level of disruption and effort that a measure
might entail. They were unsure whether this made sense in a cost benefit
analysis because they did not feel that they would enjoy the benefits for very
long. CS4, for example, had looked into whether they could get their original
waterwheel to provide hydropower, and while this did appear to be feasible,
they decided that it would not be worthwhile for them at their current life
stage. Meanwhile CS16, who have young children, felt their capacity as a
household was too limited at present for them to invest time and thought into

exploring further potential retrofit measures.

The viability and practicality of measures was also of concern to participants.
Some of those with small homes identified practical space challenges with
IWI (CS2, CS5, CS9), fuel storage space for biomass boilers and the
commitment that feeding a biomass boiler might require (CS4, CS9). CS2
and CS10 also noted challenges with the reduction of headroom that could
result from solid floor insulation. Other participants were concerned about the
compatibility of measures with the fabric of their building, CS6 and CS11 for
example, were concerned about the weight of solar panels on their original
roofs and CS14 felt that wall insulation would be unsuitable given the levels

of moisture in their building.

CS3 was interested in the potential of wall hangings but was concerned
about the cost of maintenance because of the experience of their friend who
had just had heirloom medieval tapestries cleaned by specialists for an
exorbitant sum. This highlights the way that decisions are influenced by

personal knowledge and experience. A further practical issue with wall
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hangings was also identified by CS13 and CS14 who were very interested in

the concept but felt that there might be challenges.

CS13: The only problem with thick wall hangings is that you get thick
cats climbing up them...

Planning was a constraint for participants with designated buildings (CS1,
CS2, CS3, CSe, CS8 CS9, CS12, CS13, CS15), especially for listed
buildings (CS1, CS2, CS13). CS2 for instance felt that solar panels would be
acceptable to their heritage values but did not think they would get
permission from the Lake District National Park (the planning authority),
because they are within a grade II* listed curtilage. CS13 was interested in
seeing if they could get slimline double glazing to replace their current,
modern single glazing on their grade Il listed facade but thought permission

was unlikely.

In the conservation areas there was some confusion about the types of
measures that would be acceptable and how guidance could be accessed.
CS15 for example, thought that they would have to pay a fee just to find out if
they would need permission for solar panels or not. While this is unlikely to
be true, participants perceived challenges with accessing information about
whether changes would be acceptable in planning and highlighted
discrepancies in planning decisions. Inconsistency in decisions and how

planning regulations were applied was also noted by survey respondents.

Cost was the final constraint that participants identified, especially for
measures such as renewables and window replacements or secondary
glazing, although it was something that they did not emphasise as strongly
as other issues when discussing the retrofit matrix. Several participants
(CS6, CS12, CS16) had investigated GSHPs and concluded that they were
too expensive to be viable, especially given the heating system changes that
would be needed to make them effective in their buildings. The ‘heritage
premium’ of more sensitive measures was also emphasised by several
participants. CS1 and CS3 had both investigated secondary glazing and
received quotes in excess of a thousand pounds per window, although both
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were potentially willing to pay this figure. CS9 meanwhile noted that a
hardwood double glazed sash window that they had specifically made for

their bathroom extension was:

Quite eye wateringly expensive but... if we can afford it, we have the

right thing done.

Residents therefore appeared willing to pay more for measures that they felt

were more acceptable to their heritage values. Several residents identified a

range of measures as ‘expensive but worth it’, suggesting that while they

saw cost as a constraint, it was not, per se, a barrier that would stop them

considering a measure, although it might limit the time frame in which they

could enact it. CS14 for example, was interested in investigating renewable

technologies for their home but currently did not have the capital. Their

summary on cost constraints however was that:

CS14: If we had the money, | don’t think cost would be an issue.

A number of the case study participants are actively planning a variety of

retrofit measures in the short term, while others are considering potential

changes in the more medium future. For measures that participants are

actively considering cost is a clear barrier. These measures are summarised

in Table 5.1 and include improvements to heating systems (shown in green),

windows (blue), and insulation (red), while one participant is considering

removing a previous maladaption (purple).

Table 5.1: Case study planned and considered retrofits

Planned, planning in progress, or
definite statement of intent.

Measures that are being
considered

CS1 Planning new heating system, considering Replacing current poor quality
air source heat pump or possibly biomass. double glazing with high quality
replica sashes
CS2 Would like to improve heating system by Possibly secondary glazing for
replacing storage heaters windows.
CS3 Replacing boiler in next year is ‘in Possibly replacing or restoring
progress’ single glazed sashes on north side
with ‘like for like replacement’
CS4  Nothing planned Nothing planned
CS5 Nothing planned Possibly replacing two windows in
poor condition with like for like
single glazing
CS6 Nothing planned Nothing planned
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Planned, planning in progress, or
definite statement of intent.

Measures that are being
considered

CS7 Nothing planned Nothing planned
CS8  Secondary glazing for rear of house in the Nothing planned
next year is ‘in progress’
CS9 Nothing planned Nothing planned
CS10 Replacing inappropriate loft insulation and Considering low carbon
fixing current heating controls ‘in progress’ alternatives to LPG heating.
CS11 Insulating intermediate floor above living Potentially removing cement
room, for insulation and fire security. render covering one facade and
Refurbishing upstairs windows. installing lime based external
insulation.
CS12 Nothing planned Nothing planned
CS13 Taking up modern living room floor to Possibly slimline double glazing for
expose original floor (if present) and replica single glazed sashes on
insulating front facade
CS14 Nothing planned Would like to remove impervious
paint from external walls and
replace with lime. Would like to get
original sashes reconditioned
CS15 Nothing planned Nothing planned
CS16 Nothing planned Nothing planned

Some of the measures that participants are considering are things that they
would like to do but feel are not possible at present. Because CS2’s
participants work at home and are in their house all day, they feel that their
storage heaters do not provide heat for a long enough duration or deliver it
efficiently. They are therefore very keen to install a different heating system,
ideally utilising underfloor heating powered by a ground source heat pump.
The costs of such a system however are prohibitively expensive. Cost was
also a barrier for CS14 in their desire to replace their impervious external
paint and restore the original lime render to help their building to manage

moisture better.

Beyond the specific context of the retrofit matrix, the case study participants
were also asked what they considered the key barrier to carbon reduction
from their building was for them (Table 5.2). Many of the comments were
related to knowledge of suitable options and understanding appropriate
solutions. These appeared to be related to residents’ feelings that, because
of their heritage values, standard solutions are not acceptable to them, and
they are unaware of any suitable alternatives (CS1, CS3, CS5, CS6, CS9,
CS10, CS11, CS12, CS14). CS5 for example, feels that because of their
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building’s heritage values, internal wall insulation would be the only major

measure that they could consider and that practically this would cause too

significant a reduction of internal space, and effect internal features of value.

Table 5.2: Case study participants’ perceived barriers to carbon reduction
from their homes

Barrier 1 Barrier 2 Barrier 3
CS1  Suitable options for
traditional construction
compatible with heritage
values
CS2 Cost of measures Planning restrictions for
visible renewables
CS3 Changes that work with the  Heritage appropriate options
current building fabric
(retaining chimneys etc)
CS4  Age of residents and cost
and disruption benefit
analysis
CS5 Heritage appropriate Practicalities, for example
solutions size reduction from internal
insulation
CS6 Cost of measures Heritage appropriate Disruption
solutions
CS7 Absences of personally Not getting around to it
motivating drivers
CS8 Knowledge from
trustworthy sources
CS9 Not getting around to it Cost Knowledge from
trustworthy
sources
CS10 Knowledge of suitable Helping the building to
options for traditional function efficiently
construction
CS11 Knowledge of the best
solutions
CS12 Heritage appropriate Location and form factor Cost benefit
solutions preclude further sensitive analysis ‘is it worth
changes it?’
CS13 Maintaining a base heating
level
CS14 Cost of measures Practical considerations Knowledge from
around moisture management trustworthy
sources
CS15 Age of residents and cost
and disruption benefit
analysis
CS16 Time capacity to consider

available options

Another theme is the importance of accessing knowledge from trustworthy
sources (CS8, CS9, CS14), with residents feeling that they do not want to be
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to be ‘sold to’ and identifying this as one of the problems with getting the

companies that would do the work to do the assessment of what is needed.

CS14: Because if you get someone in to look at damp, you’re actually
getting someone to sell you some damp proofing... even if they are not
‘money grabbing horrors’ they are still committed to what they’re doing
so they’re interested in it... If you’ve got a physical problem and you go
to see a surgeon, he will want to do surgery, you know? Because that’s

what they do!

CS9 felt that there might be a role for the government to offer a service that
would provide a ‘completely unbiased’ view of what could be done. CS8

however, felt that:

CS8: It’s always someone trying to sell you something... even the

government because they have their own agenda

These comments suggest that informational barriers are not only about being
able to access relevant information but also about the source of that

information needing to be seen as trustworthy or ‘disinterested’.

A connected issue was the availability of suitably skilled tradespeople (CS2,
CS8, CS9, CS11, CS14). Participants felt that finding skilled tradespeople
who understood how to work sympathetically with older buildings was a
challenge. CS9 for example, was very disappointed by the upstairs front
windows which they had had replaced, because of the poor-quality
workmanship and because the tradesperson could not understand why they
were so insistent on retaining the original, coloured window lights (Figure
5.11). In contrast CS14 had been very concerned about the need for some
replastering work and were delighted to find an excellent plasterer who did a
job that was ‘respectful of the character of the building’ (CS14, original
emphasis). CS8 meanwhile was enthusiastic about internal shutters but was
unsure where to find a good carpenter to construct them and CS11 did not
want to let anyone work on their home who would not be very careful

because of their connection to the building.
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Figure 5.11: CS14 and CS9’s contrasting experience with tradespeople

Several participants felt that a key challenge was helping their building to
function as efficiently as it could (CS3, CS6, CS10, CS11) which required
regular and expensive maintenance, and in several cases, a need to remove

previous maladaptions (CS6, CS11, CS14) which was often very costly.

CS6: In an ideal world, if money was no object whatsoever, the first
thing | would do is get the cement render off and get a proper clay/a

breathable render on it... but that would be a very expensive exercise.

Additional but less common barriers included CS7’s feeling that, because
they found their house very comfortable, they lacked the personal drivers to
‘get around to making changes’. This sense of ‘just getting around to it’ was
something that other participants mentioned, especially when related to
maintenance issues or smaller measures that ‘just need sorting’ (CS3, CS5,
CS9, CS11, CS13) but CS7 were the only ones to identify this as the main

barrier to taking action.

Impact on heritage values, knowledge of appropriate options, disruption,
planning constraints, practicality, and cost as well as ‘just getting around to it’

were therefore found to be key barriers perceived and experienced by the
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case study participants. Many of these barriers were also found to be
important for the survey respondents (Figure 5.12). Cost was the most
important barrier for most respondents, followed by knowledge of suitable

options and the availability of heritage sensitive measures.

Figure 5.12: Importance of barriers for carbon reduction in their buildings to
survey respondents (N = 147)

Free text comments from the survey respondents identified similar themes to
the case study participants, particularly in terms of heritage sensitive options,

trustworthy information, and appropriate solutions.
Keeping the feel of the building even on the parts which are not listed
Can’t find tradespeople qualified in sympathetic alterations

Cost, disruption and impact on living space major issues - based on
insulation work done to date it would cost well in excess of £30K to

insulate the walls and floors. Not affordable.
Greenwash con artists

Comparing the survey respondents who perceived their buildings to have
heritage values (HY) and those who did not (HN) showed that although the
overall order of the barriers did not change, the HY group felt that heritage
sensitive options, planning and the availability of tradespeople were more
important than the HN group if mean values are compared. The only
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statistically significant difference was for heritage sensitive options, which

would logically be expected (Figure 5.13).

Figure 5.13: Comparison of mean importance of barriers to retrofit survey
groups

Barriers relating to cost and to identifying measures acceptable to residents’
heritage values and the tradespeople able to carry them out therefore
appeared to be important to both case study participants and survey

respondents.

5.6 Information sources

Survey respondents were also asked where they would go for information on
ways to reduce carbon from their buildings (Figure 5.14). The top sources
are online (with The Energy Saving Trust having website offering generic
carbon reduction advice). Five of the six most popular information sources,

with the exception of ‘Energy consultant,” are free, suggesting that
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respondents may be more likely to investigate these sources first. The
popularity of sources such as other heritage building owners and social
networks (friends/neighbours/relatives) confirm other findings that point to
the importance of informal information networks (Hrovatin and Zori¢, 2018;
Bartiaux et al., 2014). Cumbria Action for Sustainability (CAfS) is an active
charity which provides sustainability information, events, and initiatives
across Cumbria, although because one of the survey distribution channels
was through their newsletter respondents may be more familiar with their

resources than average.

Figure 5.14: Information sources which survey respondents would or would
not access

*Number of respondents

Statutory information sources such as planning departments and building
control are the least likely to be accessed by respondents and significant
numbers appear to be unclear on the resources that these departments
could offer. Less than half of respondents would seek information from
heritage organisations, despite these groups providing significant and
relevant resources. This could be linked to confusion on the remit of heritage
organisations and a perception that they only cover significant, or at most,
listed buildings, with residents not recognising their wider historic
environment remit. In could also be linked to the distinction identified in

Chapter Four around how participants in undesignated building often did not
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consider them to be heritage buildings despite their investment of significant

heritage value.

Some of the respondents had already accessed some of these information
sources and were asked how satisfactory they found the information
provided (Figure 5.15). ‘Other Local authority department’ and ‘other’ had
only been accessed by one respondent who was satisfied. Other heritage
building owners, CAfS, the internet and personal networks provided
satisfactory information for the majority of respondents. This may link to the
importance of sources being trustworthy and disinterested in selling solutions
which was identified by the case study participants. The internet meanwhile
may be preferred because of the ease of quickly accessing a range of
knowledge. Information from planning departments, builders and energy
consultants was unsatisfactory to approximately half of the respondents who
had accessed it.

Figure 5.15: Satisfaction with information sources for survey respondents

Comments from respondents also identified interest in learning from other
heritage residents and in receiving recommendations for professionals. Other
comments included books and personal professional knowledge for some
participants, as well as the Centre for Alternative Technology (CAT) in
Wales.
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You ask about other building owners, | WOULD go there but | don’t

know any

Other heritage users — satisfied but confirmed unaffordable cost

estimates
Talking to those in historic houses to find the right advisor

Respondents therefore appeared to access a range of sources but local
networks, organisations, and other heritage residents as well as the internet
all appeared to be popular sources of information which were also generally

satisfactory.

5.7 Discussion

It is clear that the heritage values that residents invest in their buildings affect
both the changes that they have already made and the measures that they
would consider acceptable in the future. The impact of measures on heritage
values was a key influence for the case study participants and several of the
barriers that both participants and respondents identified were related to their
heritage values, including appropriate information sources, suitable
tradespeople and concern about material and system compatibility.

Some residents had used natural and traditional materials, such as lime and
wood fibre and sheep’s wool insulation in their previous retrofits, which are
more likely to be compatible with the construction of vernacular buildings.
Many residents also displayed a clear understanding of how their buildings
functioned and the importance of managing moisture and maintaining
ventilation, as well as a desire to remove maladaptions where possible. The
detailed understanding that some residents have of their buildings may
contribute to their wariness about the trustworthiness of information on
measures to improve their building’s performance and their concern about
finding suitable tradespeople to enact these measures. This supports and
builds on Mallaband et al’s (2013) findings that residents are often frustrated

by tradespeople who lack the residents’ expertise in their own buildings.
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The potential benefits of a range of retrofit measures that can be termed
‘soft’ were identified as being used in some of the cases. These measures
are unlikely to be considered by professionals in retrofit projects because
they are generally deemed to fall within the remit of occupant choice.
However, they clearly have effects that are considered valuable by their
users, and which may have produced either carbon savings, or led to
potential embodied emissions being avoided. Indeed, as this chapter
highlights, all retrofit measures fall within the remit of residents’ choice
because if measures are not acceptable to residents, they will not be
enacted. While some of the specific soft retrofits identified may not be
suitable or acceptable for all residents, there are likely to be at least some
changes of this type that are appropriate for most individuals. Increased
consideration of these types of measures in retrofit projects would therefore
be beneficial. These types of less material changes may also have
advantages in terms of their adaptability to changing conditions and building
use, as well as easier reversibility, which is important for heritage retention.
They are also likely to be less susceptible to maladaption than more
substantial physical changes, particularly with regard to moisture challenges.
Finally, they are likely to have a reduced financial cost and be less disruptive
to install, suggesting that there may be opportunities to roll out these types of
measures quickly and on a large scale, as part of wider efforts to reduce

carbon from buildings.

Some participants also showed an awareness of embodied carbon in their
retrofit decisions such as CS7 not wanting to ‘waste’ their current, still
working boiler or CS16’s awareness that their substantial retrofit had ‘used
up’ their carbon budget. This awareness is positive, although participants felt
that they would benefit from more information about opportunities and
challenges. CS1 for example, had looked into a biomass boiler but found that
it would have to be shipped from Canada and were uncomfortable with the
embodied carbon this represented. However, in contrast to continuing to use
their 40-year-old, very inefficient, oil boiler, the embodied carbon of the new
boiler might in this case be rapidly recouped through operational savings.
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This highlights the need for information to be more readily available to help

inform these types of decisions.

The external visibility of retrofit measures was an important consideration for
residents. Solid wall insulation and window replacement are commonly
recommended retrofit options for vernacular buildings, but they appear
unacceptable to many residents, limiting their potential for carbon reduction.
This lack of acceptability is likely to relate to the values that residents were
found to invest in the connection of their building to its wider landscape, its
specific materials and construction and to the craftsmanship of original
features such as windows. Residents’ dislike of exterior shutters also showed
a concern with the cultural appropriateness of changes, highlighting the
importance of taking local context into account when considering retrofit
acceptability. Retrofit measures unacceptable to the majority of residents in
this research appear comparable to the changes that might be considered
unacceptable in planning to a listed building, although this was the case for
residents in all buildings, designated and undesignated. The only exception
is that residents appear more accepting of visible renewables, and indeed
planning constraints were identified as a barrier by several participants who

would otherwise consider solar panels.

The increased acceptability of visible renewables such as solar panels may
be because they are more ‘additions’ to the building, rather than fundamental
alterations of its character such as might be the case with external wall
insulation on buildings with stone facades. Solar panels can also provide
visible evidence of residents’ ‘green credentials’ which may be something
that some residents consider attractive. The greater acceptability of solar PV
compared with solar thermal was partly attributed to their heritage impact but
may also be due to greater familiarity with solar PV due to government and
industry initiatives and therefore greater publicity. A further issue may be
scepticism about the effectiveness of solar thermal panels in a Cumbrian

climate.
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Constraints other than those directly related to heritage values included
practicalities, costs, planning restrictions, and disruption, which were
important to participants in a variety of ways. Case specific issues included
participants’ ages, space constraints, and even pets. These disparate
barriers highlight the need to consider residents’ specific circumstances
when identifying the support that they may need to develop retrofit projects,
and the likelihood of them actually enacting retrofits. The majority of the
participants appeared willing to pay more for heritage sensitive measures
and were unwilling to compromise their heritage values for lower costs. They
were however aware that ‘doing the right thing’ came at a financial premium

and this sometimes affected their ability to undertake retrofitting.

Cost was a particularly important barrier for the uptake of renewable
technologies, especially relating to heat pumps which were considered
unaffordable by many participants as well as challenging to install effectively.
Another issue specifically identified with air source heat pumps was a lack of
detailed understanding about how they function, leading to scepticism about
their effectiveness. Because many participants had a good understanding of
their buildings, they wanted to be clear about the details of how any new
technologies would work so that they could assess their potential for
themselves. After discussions on the function of heat pumps with those who
were uncertain of the technology, the majority of participants felt that the
alterations required to make heat pumps work effectively in their homes were
challenging and might not be compatible with their heritage values. A number
of participants were interested in the potential of installing underfloor heating
which would enable the heat pumps operate more efficiently, although
disruption, and in some cases the heritage nature of floors, were a barrier for
many. As heat pumps are a core part of the UK government’s
decarbonisation strategies ways may need to be found to make heat pumps,
and the associated changes that they require, more acceptable to heritage
residents.

Support may be required to help residents negotiate barriers, especially

those related to cost and knowledge of suitable and heritage sensitive
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solutions, which needs to come from trustworthy sources if greater take up of
retrofit measures is to be realised. Access to trustworthy and independent
advice is an area that planning departments could be able to assist with,
although currently very few residents would consider seeking advice from
this source. This suggests that if planning departments are to fulfil this role,
significant improvements in the consistency and accessibility of their services

appear to be required.

The range of factors that residents must negotiate when considering retrofit
solutions were shown to be many and varied, highlighting the fact that there

is unlikely to be any ‘one-size-fits-all’ solution that is universally acceptable.

5.8 Conclusion

This chapter has investigated the acceptability of retrofit measures to
residents (RsQ1d) and identified and examined a range of barriers and
constraints (RsQ1e).

Most residents have already installed many common retrofit measures, as
well as making use of a variety of soft retrofits which may have promise for
heritage sensitive carbon reduction. Visible external changes and common
measures such as wall insulation and window replacement are generally
unacceptable to residents, although visible renewables are more likely to be
enacted. The measures that were the most acceptable to residents were also
those that are the most likely to have already been enacted, suggesting that
there may not be that much potential for further significant savings from them
at a larger scale. This means that additional acceptable measures must be
found to help reduce carbon from vernacular buildings. The effect of retrofit
measures on aspects that residents value was identified as a key
determinant of retrofit acceptability, although residents also had to negotiate
a variety of other factors such as building compatibility, and practical and

planning constraints in their decision making.
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A number of the case study participants were actively planning or
considering a variety of retrofit measures to their buildings, although some of
these changes were felt to be currently untenable due to cost barriers. Key
general barriers identified by participants and respondents were the cost of
measures and the knowledge of both heritage appropriate solutions and of
suitable tradespeople to undertake the work. The trustworthiness of
knowledge sources was important to residents, and the survey respondents
appeared interested in learning from other heritage residents. The
importance of considering residents’ individual situations to understand their
particular barriers and drivers was identified, and the likely need for support

to help residents overcome retrofit barriers was highlighted.

Residents’ heritage values therefore clearly determine the retrofits that they
consider acceptable/unacceptable and strongly influence the barriers that
they identify to carbon reduction from their homes. These values and the
knowledge that residents have of how their buildings function are also likely

to affect their comfort perceptions and behaviours within their buildings.

Some material in this chapter has been previously published in (Wise, Moncaster,
Jones, et al., 2022; Wise, Jones, et al., 2021)



Figure 5.16: CS5 and CS6



Chapter 6. Energy Behaviours and perceptions of
comfort

6.1 Introduction

The clear heritage values that residents invest in their buildings have now
been shown to significantly affect their retrofit decisions. This chapter
investigates residents’ comfort perceptions (RsQ1b) and energy behaviours
(RsQ1c) within their buildings, by examining the survey responses, case

study interviews, building tours and energy diaries.

Residents’ attitudes to carbon reduction are identified, along with general
actions that they have taken to reduce their household carbon emissions.
Residents’ heating patterns and temperatures are examined, along with their
attitudes to thermal comfort. The spaces that residents heat and do not heat
within their buildings and their behaviours and attitudes with regard to
ventilation are investigated. A range of challenges that residents may have
with comfort in their buildings are identified and the effect of residents’
heritage values on their comfort perceptions are considered. Finally,

residents’ perception of their buildings’ performance in summer is examined.

6.2 Residents’ environmental attitudes and behaviours

The vast majority of survey respondents indicated that they wanted to reduce
carbon emissions from their buildings (89%) and that they were quite
motivated to do so (86%) (Figure 6.1). One of these questions was near the

start of the survey and one near the end.

Figure 6.1: Survey respondents’ desire to reduce carbon from their buildings
(N =147)
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The case study participants meanwhile were all concerned about the impact
of climate change and wanted to reduce their carbon emissions. Some
participants felt that the effects were already noticeable in their local
environments (CS1, CS6, CS9, CS11, CS12, CS14, CS16), highlighting
shifting seasons, changing weather and increased flooding, something which

was of personal concern to several participants (CS10, CS12, CS16).

CS5: It's not only ourselves but our responsibility for others that share

our life, birds, and invertebrates and...

CS6: I do have a great concem for ‘man’s impact on the environment,
and we’re noticing here that the seasons have completely changed and
that we’re regularly getting flooding on the river now that didn’t used to

happen.

The majority of participants already engage in a variety of environmentally
conscious behaviours to reduce their own carbon impact; recycling,
considering sustainable transport options and diets, and, in some cases

reducing consumption and attempting to shift to more sustainable practices.

CS3: I've taken up the vegan thing this year at the urging of one

daughter, but I've been vegetarian forever

CS5: We try to use public transport, and cycle and walk... we don't fly
much, we do our best... so we buy less stuff, clothes, or furniture, or

new cars or whatever it might be.

Some participants had taken more action than others, CS7 for example is
concerned about the impact of climate change but acknowledges their lack of

personal behaviour change in response to this.

CS7: One could be accused of being, not hypocritical but almost a
philistine really, for being aware of it [climate change] but not reacting to
it, but it will come to us I'm sure, by either legislation or personal

responsibility, that we've got to be part of the solution.
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CS11’s lifestyle meanwhile is defined by their environmental principles. They
feel that their annual carbon emissions are about a tenth of the UK average
and they think other people could similarly reduce their emissions ‘quite
easily’, although whether many people would be willing to be as committed

as CS11 is debatable, as will be seen below.

The case study participants generally identified that individuals and
businesses have significant responsibility to reduce carbon emissions more
generally but that this needs to be led and either enabled or enforced by
government to have the level of effect required to mitigate the climate crisis.
The survey respondents (Figure 6.2) also identified that governments and
residents had the greatest responsibility to reduce emissions from buildings,
and that a range of other groups also had a role to play, suggesting collective
action is needed. Historic England was the only organisation that
respondents identified as having much lower responsibility, perhaps because

they are unaware of their broader remit for older buildings (section 5.6).

Figure 6.2: Responsibility of different groups to reduce carbon from older
buildings from survey (N = 147)

6.3 General building energy practices

The survey respondents were asked to identify the behaviours that they
already did or might be willing to do from a list of common household energy
behaviours (Figure 6.3). Most respondents reported already engaging in

many common, energy conscious behaviours, such as switching off lights,
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choosing energy efficient devices, and reducing hot water use. Seven of the
nine behaviours listed were already practiced by the majority of respondents,
although smart home technology had a poor take up and some comments

suggested that limited broadband access in rural areas might be a barrier to

this technology.

Figure 6.3: Survey respondents’ reported energy behaviours (N = 147)

Comments elucidating the ‘other’ category also included a variety of

behaviours around energy conservation and heating practices (Table 6.1).

Table 6.1: ‘Other’ energy behaviours reported by survey respondents.

‘Other’ energy behaviours

Drying laundry outdoors and only using the dishwasher when it’s full.
Unplugging the fridge and freezer when away

Central heating zoned — ground floor and first floor

Try and make full use of oven when on

Thick curtains kept closed during day when out

We only heat the house when the children are in and not in bed! After
they’re in bed the heating goes off, adults are smarter at wearing jumpers

One comment illustrated the effect of household characteristics and
individual circumstances on the energy behaviours that residents may be

willing and able to engage in:
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We are conscious of our energy use at all times and try to be as
environmentally friendly as possible. Some suggestions (not heating

bedrooms) are however unrealistic at our age.

The majority of respondents turned their heating off when they were away
and considered their heating temperatures to be low (both 76%). The case
study participants showed similar behaviours as can be seen in Figure 6.4,
with 14 out of 16 turning their heating off when they were away and 7 feeling

that they already had low heating temperatures.

Figure 6.4: Case study energy behaviours (N = 16)

Case study participants had the opportunity to detail more nuance in their
behaviours. Of the 14 participants who turned heating off when away three
set it to a ‘frost’ or ‘away’ setting for insurance purposes, and to prevent burst
pipes, while CS13 kept their heating on slightly when they were away to keep
the house comfortable for their cats. The two cases who did not turn their
heating off when they were away, CS1 and CS2, cited the amount of time it
took for the building to warm up on their return as a barrier. CS2 is
dissatisfied with their current heating system while CS1’s heating system is
very old and inefficient, which may be related to the ability of these systems

to rapidly warm their buildings.

CS1a: The house becomes really cold and it... CS1b: ‘It takes days’

CS1a: ‘Yes or even weeks to get back up to temperature’

Behaviours around hot water use are also an important influence on building
energy demand. Most participants were asked about their shower and bath
use in the interviews and the energy diaries asked all participants to note
details in their diaries (Table 6.2). 14 out of the 16 participants regularly
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made use of showers, while baths were only used regularly in three
households, two of which have young children. All participants in seven
cases showered every day (CS1, CS2, CS3, CS5, CS8, CS11), as did some
participants in other cases (CS9, CS14, CS16). Other participants showered
several times a week (CS5, CS10, CS12, CS13). The two case studies with
the oldest participants, CS4 and CS15 did not report use of showers or baths
in either of the energy diary periods, although both reported basin washing

each day.

Table 6.2: Case study shower versus bath frequency as an indicator of hot
water use

Case Frequency of showers and baths

study

CS1(2) * Showers: Both shower every day

CS2 (2) Showers: Both shower every day, would like baths but not
enough hot water

CS3 (1-5) Showers: main participant showers each day (other
household members unclear)

CS4 (2) Washed every day. No showers or baths listed in energy
diary periods

CS5 (2) Showers and baths: Both shower every other day, each
baths every 2 weeks

CS6 (2) Showers: Both showered every day in energy diary periods

CS7 (2) Showers: Both shower every other day

CS8 (2) Showers: Both showered every day in energy diary periods

CS9 (2) Showers: In winter 1 showers every day, 1 every 3 days, in
summer both shower every day. Baths 2-3 times a year

CS10 (4) Shower: Both adults shower every 2 days. Both children
shower twice a week. Everyone has a bath every 2 weeks

CS11 (1) Shower: Showers once a day

CS12 (3) Shower: 2-3 showers a week between the 3 household
members

CS13 (2) Shower: Both shower every 2 days

CS14 (4) Showers: 1 showers every day, 3 shower every 3 days.
Everyone has a bath every 2 weeks.

CS15 (1) Washed every day, no showers or bath in energy diary
period

CS16 (4) Showers: 2-3 showers a day between four household
members in energy diary period

*Number of occupants
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Residents therefore engage in a range of energy behaviours which are
influenced by their specific circumstances. The behaviours which they report

are however generally consistent with common energy saving behaviours.

6.4 Heating temperatures and timings

The mean thermostat setting which the survey respondents reported for their
main living space was 19°C (Figure 6.5). 64% of respondents reported
temperatures between 18° and 20°C, and very similar proportions reported

temperatures higher and lower than this range.

Figure 6.5: Distribution of reported thermostat settings from survey

For the case study participants meanwhile, seven felt that they already
heated their buildings to lower-than-average temperatures (CS3, CS4, CS6,
CS11, CS12, CS14, CS16). They identified that although they were
comfortable with their household temperatures, visitors and guests often
found them cool. CS6 meanwhile was informed by their smart Hive heating
system that their temperatures were two degrees lower than similar

households, although how this comparison was undertaken was unclear.
CS5: Our visitors complain but we find it fine.

CS6: The heating would not usually be on at this time. It’s when we
realised that the decorators were starting to wear overcoats! That it

might be a bit cold for them!

CS10 was willing to experiment with reducing their heating temperatures but
they were awaiting an engineer to fix their thermostat and timer, which had

been defunct for some months. At the time of the virtual visit, they were using
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their wood burning stove as their main heating device, occasionally boosted
by the central heating. CS16 meanwhile usually had their heating on for
limited periods morning and evening, despite normally having one person
working from home. As a result of the pandemic however, all household
members were working or studying from home and at the time of the virtual

visit in January 2021 they were:

CS16: Trying to work out what works... the heating has been pretty
much on all day but our thermostat... for the daytime it’s set between
15.5°C and 16.5°C

Four case study participants would not want their heating any lower as they
were comfortable with current temperatures (CS2, CS7, CS8, CS15).
Another four were unsure and could potentially be convinced to try lower
temperatures (CS1, CS5, CS9, CS13), CS1 for example felt that if they could
improve the efficiency of their heating system, they might be able to reduce
temperatures. CS9 meanwhile felt that it might be something that they would
consider if they were convinced that it would make a significant difference to
their carbon emissions. They did however note that they would not be willing
to reduce temperatures in their bathroom which is in a modern rear extension
that they had built in 2011 and which they described their: ‘one concession to
luxury, and that stays warm all day... nobody is taking my bathroom away

from me!’ (Figure 6.6).
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Figure 6.6: CS9's luxurious bathroom

These comments highlight the variation in residents’ circumstances that
shape their behaviours, with CS16 trying to strike a balance between
reducing energy use and maintaining comfort and CS9 identifying their

personal red lines for maintaining comfort in certain areas.

Analysis of the energy diaries provided detailed snapshots of case study
heating use in winter (Figure 6.7 and Table 6.3) and in summer (Figure 6.8).
The majority of the participants use standard wet central heating systems
with radiators, although CS1 and CS12 have partial underfloor heating, CS2
has storage heaters and CS4 has blown air heating. CS11 meanwhile only
heats their living room, using a wood burning stove in the evenings as part of
their low carbon lifestyle. Participants have a wide range of heating patterns
and temperatures. CS2 and CS7 have the highest temperature set points at
21°C. CS7 identified that this is one of the behaviours that they could

improve and said rather guiltily that they heat their house:
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CS7a: To be comfortable, so that we can walk around in a t-shirt, rather

than not heat the house, and wear a fleece.

CS15 and CS16 have the lowest heating temperatures despite CS15 being
one of the oldest participants, they do however heat their house 24hrs a day,
as do CS1, CS7 and CS13.

It would be expected that participants who spend more time in their buildings
because they are retired or work from home would heat their buildings for
longer; however this does not appear to the be case. The majority of the
cases are either retired or have at least one member of the household who
works from home, which as noted in Chapter Two is representative for
Cumbria. However, seven of the cases only heat their homes for limited
periods (CS3, CS5, CS6, CS10, CS11, CS12, CS14), although several of
them (CS3, CS5, CS10) use spot heating in office spaces.
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Figure 6.7: Case study winter heating patterns and set temperatures from energy diary
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Table 6.3: Winter case study occupancy and auxiliary heating from energy diaries
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Figure 6.8: Summer case study heating patterns, set temperatures and auxiliary heating from energy diaries
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CS2 uses portable, oil filled, electric radiators, in addition to their storage
heaters, to maintain comfort in their living room which also acts as their
office. They also heat the main bedroom with portable heaters in preference
to using the two storage heaters as they find that the portable heaters are
more effective and more responsive while using less energy. CS2, and, to a
lesser extent, CS10, were the only participants who were dissatisfied with
their overall comfort, all other participants felt that their homes were
comfortable. CS2 is dissatisfied because they feel that their heating system
is not suitable for their needs, while CS10 needs to get their controls fixed
but also find the bottled calor gas, which fuels their central heating, to be
very expensive and are actively considering alternatives. Both CS2 and
CS10 had recently moved to their houses, and it may be that they have not

yet been able to adjust their homes to their specific needs.

Several participants (CS3, CS5, CS7, CS10) used electric heaters to heat
office spaces during the day, and CS16 had an annex, where one household
member worked, which could be heated separately to the main central
heating. Eight participants (CS1, CS2, CS5, CS9, CS10, CS12, CS14, CS16)
also used other spot heating, generally woodburning stoves and mainly in
the evenings, to supplement central heating in their main living spaces. They
found that this enabled them to be comfortable with lower central heating
temperatures. Participants also highlighted that their stoves could have a
positive psychological impact, with some (CS5, CS7, CS12) suggesting that
they would sometimes light a stove because they enjoyed its visual effect

rather than specifically for heat because: ‘it’s a nice focal point’ (CS5).

The use of this spot heating can be seen in the thermometer data that
participants recorded in their energy diaries (Table 6.4). The inside
thermometer was positioned in participants’ main living spaces and the
average maximum temperatures recorded across the case studies were
higher than the main heating system temperature set points. The average
temperature of 19°C was close to the average heating system set point of
18°C. Cases that did not use wood burning stoves generally had lower
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maximum temperatures (CS3, CS6, CS15). Graphical results for each case

study can be found in Appendix O, Page- 124 -.

Table 6.4: Average of winter thermometer readings over five days over all
cases

Average Inside Outside Difference in
recorded thermometer thermometer °C
temperature

across cases

Maximum (°C) 22.5 12 10.5
Minimum (°C) 15.5 2 13.5
Average (°C) 19 7 12

Thermometers were accurate to within +/-1°C, values are therefore
indicative and have been rounded to nearest half degree

In addition to spot heating, some participants (CS10, CS12, CS13, CS14,
CS16) also made use of throws, blankets, and similar, as part of their
evening comfort strategies. The cases who mentioned blankets were, apart
from CS13, those with young families, perhaps suggesting that ‘snuggling’
(as described by CS14) is more acceptable to those with children.

CS3: It’s not worth heating the house up, but that top room [office], if
I'm sitting there all day it has to be warm, so there’s a geriatric electric

radiator

CS12. If we don't put the stove on, we have sat on the sofa- and we’re

quite happy with this- and we’ll go and get a blanket... it’s lovely.

CS14: We would usually be in the living room [in the evening], that
usually means that either the fire is on, or a blanket is on, sometimes

both for the snuggle, we like a blanket. [Figure 6.9]
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Figure 6.9: CS14's living room, with blankets, stove, and even a furry cat bed

In addition to spot heating and blankets, participants also generally made
use of high levels of personal insulation, such as slippers and jumpers. The
energy diaries requested clothing levels three times a day and this
information was summarised for each case in each season. In winter (Figure
6.10) slippers and jumpers were the norm, and in summer (Figure 6.11)
participants in eight of the cases still tended to wear jumpers and most wore
slippers. Participant comments, and observation of participants during site
visits, also support this view. All participants were wearing jumpers and
slippers or similar during site visits, although not all mentioned footwear in
the energy diaries. Several participants highlighted that outdoor conditions
had the greatest influence on their clothing levels (CS1, CS5, CS6, CS12).

CS6: We dress according to the weather, it’s not one of those houses

where people are wandering around in short sleeves.

CS13: Something on your feet, so slippers or woolly socks... if my feet

are warm the rest of me is ok.
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Figure 6.10: Case study patrticipants’ average clothing levels from winter
energy diaries

Figure 6.11: Case study patrticipants’ average clothing levels from summer
energy diaries

Findings from the survey also support the use of personal insulation with

88% reporting wearing extra layers in cold weather (Figure 6.3).

Case study heating practices are also supported by the survey results on the
use of different heating and cooling emitters (Figure 6.12). Radiators were
the most common form of heating (75% normally or often) however in
addition there also significant and regular use of wood stoves (45%) and
other spot heating such as open fires. Many respondents also made use of
‘personal’ heat sources, with the majority making regular use of hot water
bottles, while portable heaters also showed considerable, although less
regular usage. The ‘other’ comments showed that 11% of respondents made
use of electric blankets which were also mentioned by several case study
participants. Some also mentioned extra layers while one respondent
identified that their husband and cat provide a useful heat source. Comments
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emphasised that spot heating was used to reduce reliance on central heating

systems, confirming case study findings.
We use the log stove frequently and the central heating less often.

Wood stove is used to reduce reliance on oil central heating — if main
room is heated by stove the rest of the house can be cooler.

Figure 6.12: Survey respondents reported use and frequency of different
heating sources (N = 147)

Note: Respondents were able to select more than one heating emitter per category so those
that report often using wood stoves may also often use radiators etcetera.

In winter 28% of survey respondents considered their homes to be a neutral
temperature, while slightly more perceived them to be warm or hot (40%)
rather than cool or cold (32%). Respondents were also asked what
temperature they would like their homes to be, and over half were content
with current conditions (55%), although 40% would like it warmer and 5%
much warmer. Some comments suggested that while respondents found
their homes cool some preferred having cooler conditions rather than
increasing their heating use because of their environmental principles.
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Figure 6.13: Survey respondents’ perception of thermal comfort and desired
thermal comfort in winter (N = 147)

Am concerned that our main method of heating is oil but see no way of
changing this. We tend to put on extra clothes rather than turn the heat

up, in spite of being in our seventies.

I have to compromise between too hot or rather cool in spring and

autumn... but | prefer that to emitting more CO_x.

Residents therefore have a range of temperature settings and heating
patterns which they have tailored to their needs. A significant number feel
that they have lower than average temperatures, and the majority make use
of personal and spot heating to reduce reliance on their central heating
systems. Most residents also use personal insulation such as blankets,
jumpers, and slippers. 14 of the 16 case study participants were satisfied
with comfort in their homes and just over half the survey respondents were
content with current conditions in winter although around 45% would prefer

warmer temperatures.

6.5 Space heating and ventilation

In addition to the varied heating patterns and temperatures, the survey
respondents and case study participants also had different heating strategies
for different spaces. 68% of respondents and 13 out of 16 of case study
participants reported only heating actively used spaces, while 36% of
respondents do not currently heat bedrooms and a further 27% might be
willing to consider it (Figure 6.3). 12 of the case study participants do not, or
only very minimally, heat their bedrooms (CS1, CS4, CS6, CS7, CS8, CS9,
CS10, CS11, CS12, CS13 CS14, CS16). Many of the participants with
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unheated bedrooms (CS7, CS9, CS10, CS11, CS12, CS14, CS16)
highlighted their enjoyment of a cool room to sleep in, although they
sometimes utilised limited personal heating, such as electric blankets, to
improve their comfort (CS7, CS9, CS11, CS10).

CS9: We don't heat the bedrooms, ever. | have an electric blanket on
my side of the bed and B likes it colder anyway... we don’t need the

bedroom to be warm, we like a cold bedroom.

CS14 and CS16 chose to have unheated main bedrooms but ensured that
the heating was on in their children’s bedrooms. The bedroom of the child in
CS12’s household did not have a radiator but was directly over the wood
burning stove in the living room and their main complaint was that they were
often too hot when they went to bed. At the time of the virtual visit in
November 2020 this was leading the household to try to avoid using the
stove as much in the evenings to reduce this overheating discomfort.

The use of spot heating in office spaces or living rooms, as identified above,
also enabled several participants to turn their central heating off or down and
just heat the spaces that they were occupying. CS5 for example deliberately
undersized the radiator in their living room: ‘because we knew we had the
stove, so why duplicate?’ One of CS7’s occupants meanwhile, has an
electric heater in their office and will turn off the central heating if they are the

only one at home.

Ventilation is another important aspect of energy behaviour and comfort in
buildings. The majority of the case study residents reported having windows
open in summer and a significant proportion also have at least some
windows open in winter. The open winter windows are often in unheated
bedrooms and therefore are unlikely to cause significant energy loss.
Participants emphasised their enjoyment of fresh air, and birdsong. Several
noted that even if they did not generally have windows open, they would
open them for limited periods to air rooms. This particularly applied to
bedroom windows in mornings and bathroom windows after showers or

baths to remove condensation. Some participants (CS4, CS8, CS9) open
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bedroom and or bathroom windows every morning for a few hours to air the

room and remove condensation.

CS8: Yes, for ventilation in the bathrooms... what we do is just open up
the windows as we use the bathroom in the morning, when the water

vapour has gone out, we just close the window again.

CS10: Even if they’re not open all the time, we’ll open them for a bit and

have them wide open.

CS12b: We’re obsessed with fresh air, CS12a: We like to hear the birds

sing

The energy diaries support participants’ comments. The percentage of
windows that each case study recorded as open at the beginning of the
winter diary can be seen in Figure 6.14, and window opening and ventilation
activities during both summer and winter periods can be seen in Figure 6.15.
The percentage of windows each case had open at the beginning of the
summer diary are shown in Figure 6.16 and a connection can be seen
between those respondents who had windows open in winter and those who
have the most windows open in summer (CS2, CS5, CS12, CS14, CS16). In
summer several participants also opened doors to create cross ventilation.
Nine participants used extraction fans when cooking and showering but
seven reported no extraction fan use in the diary periods. CS11 however was
considering installing a mechanical extraction fan with heat recovery in his

kitchen as a more efficient way of ventilating the space.
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Figure 6.14: Percentage of open windows in case studies at start of winter
energy diary

Figure 6.15: Heatmap of case study window opening and mechanical
ventilation activity during energy diaries. Darker colours represent higher
activity levels.



Chapter 6 Page 211



Page 212 Reducing carbon - retaining heritage

Figure 6.16: Case study open windows at start of summer energy diary (the
number in brackets is total windows)

Similar findings were made for the survey respondents. In summer 31% of
respondents always had a least a few windows open, while 86% often had
windows open and only 2% never had open windows (Figure 6.17). In winter
the number and proportion of open windows is unsurprisingly much lower.
However, 24% of respondents still regularly had a few or some windows
open and those who never opened any windows in winter still only made up
18% (Figure 6.18). Some of the respondents highlighted issues with traffic
noise which may be a reason for reduced window opening. In the case
studies traffic noise was an issue for CS5, CS12 and CS15, who were all
situated next to well used roads, CS12 had decided they preferred traffic
noise to a lack of air in their bedroom so still opened windows, while CS5
had installed fixed secondary glazing on downstairs, road facing windows
and CS15 was considering installing secondary glazing on their current
UPVC double glazing to reduce noise levels at the front of their building.
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Figure 6.17: Proportion and frequency of windows open in summer reported
in survey (N = 147)

Figure 6.18: Proportion and frequency of windows open in winter reported in
survey (N =147)

It would therefore appear that the residents in this research actively use their
windows for ventilation to avoid moisture, for comfort in hot weather, and

because they enjoy fresh air.

54% of survey respondents felt that their buildings were draughty in winter
(Figure 6.19). However, surprising, only 21% would prefer less draughts in
winter and 7% would like to increase their ventilation levels (Figure 6.20). In
summer meanwhile the vast majority of respondents were comfortable with

their current ventilation conditions.

Figure 6.19: Respondents’ perception of ventilation levels (N = 147)
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Figure 6.20: Respondents’ preference for levels of ventilation (N = 147)

Overall, it would appear that the majority of residents appear to make active
use of their windows for ventilation and enjoy access to fresh air during much
of the year. Many residents only heated spaces that they were actively using,
often utilising spot heating. A significant number of residents also did not

heat bedrooms which they preferred to keep cool and well ventilated.

6.6 Heritage values and comfort challenges

Nearly all the case study participants were comfortable with conditions in
their buildings but there were still aspects that some participants found
unsatisfactory. Those with more than one age of construction often identified
comfort challenges with more recent extensions (CS6, CS12, CS13, CS16).
This did not appear to apply to very recent extensions which participants
themselves had commissioned. CS9’s extension was built in 2011 and
CS12’s in 2012 and both were very pleased with their performance. CS12
also took action to improve a 1960s, brick master bedroom extension which
they said was previously an ‘icebox’ and they feel that their alterations have
improved the feel of the whole house. CS6, CS13 and CS16 however all
noted challenges with draughts, poor insulation, and greater temperature
fluctuations in their 20" century extensions, comparing these parts of their
homes with older sections which they perceived to perform better. Issues
were also noted where modern services had been poorly installed (CS5,
CS8, CS10, CS16), such as a large hole for a tumble dryer pipe in CS8’s
kitchen which created a substantial draught.

CS6: The most annoying draughts are sadly in the most recent

structure... [c1995] even though it's meant to be well insulated in the



Chapter 6 Page 215

roof space, | don’t think it’s particularly efficient, you can feel draughts

around lamps.

CS13: Even in the middle of winter... it stays a reasonable temperature
as well. The back less so, as it’'s a more modern building... [c1999] so

that’s the one room that can be colder,

CS16: The office cum spare bedroom... was a fairly modern extension
around forty years ago [c1980] so it’s brick rather than the stone walls,

and the temperature fluctuates a lot more.

CS13’'s comment, in particular, suggests that they expect the rear extension
to be colder because it is more modern. This may suggest that, in addition to
physical performance challenges, the heritage values that they invest in the
older part of their building may be influencing their expectations. This strong
sense of heritage value also appeared to affect the tolerance of several
participants for inconvenient aspects of their buildings (CS8, CS11, CS12,
CS14). CS11 acknowledged that their house was cold because of their
heating choices but they felt that because of its heritage aspects: ‘You can
get a bit of warmth from the character in a way’. CS12 felt that their living
room was very dark because of its deep plan but that this contributed to its
‘cosiness,’” and CS14 identified that they could manage the moisture

challenges of their home but that these would not be acceptable to everyone.

CS14: You get used to it, and it’s part of the character of the house in
the end, but anyone who lives in a modern house and doesn't like this

kind of thing would think you were insane!
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Figure 6.21: CS12 find their living room rather dark

A survey respondent also highlighted this theme when asked to comment on

any issues which affected their comfort.

My house has relatively small windows and is rather dark, but I tolerate
this because it is part of the architecture to be expected in a traditional

Cumbrian farmhouse.

The vast majority of the survey respondents (94%) were satisfied or very
satisfied with overall comfort in their buildings (Figure 6.22). It would also
appear that those who perceived heritage value in their buildings (HY) were
slightly more satisfied with their overall comfort than those who did not (HN)
(Figure 6.23). This difference was not statistically significant (see Appendix
L.2) but only 5% of the HY group were dissatisfied compared with 11% of HN
group and 13% more of the HY were very satisfied with their comfort.
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Figure 6.22: Survey responses to the question: overall what is you level of
satisfaction with comfort in your building? (N = 147)

Figure 6.23: Comparison in overall comfort between respondents perceiving
heritage in their buildings and respondents who do not.

It therefore appears that residents’ values may affect their comfort
tolerances, potentially making them more likely to accept inconveniences
with the parts of their building in which they invest heritage value. They may
conversely be more likely to view modern building extensions more critically,
although quality of workmanship in more modern sections appears to be an

actual as well as a perceived issue.

A number of residents identified various levels of challenges with moisture,
from slight discolouration of walls to serious damp issues and flooding.
CS16’s cellar and CS12’s ground floor were both flooded in storm Desmond
in 2015, which caused major flooding across Cumbria. CS10 meanwhile is a
former mill located at a bend in a river and their ground floor floods regularly.
They therefore live on the first and second floor and use the ground floor as
a cellar space for items that can be easily moved. With the exception of
flooding, CS14 is the only case study with very severe moisture challenges
which have a number of contributory causes. Maladaption is one issue as
their lime and sandstone walls are coated externally with impermeable paint.
They also had an open chimney stack that had become filled with water,

although this has now been fixed it was wet for decades and the drying out of
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the wall is likely to take several years. They also have challenges with

ground water and rising damp.

CS14: We literally have water running through our cellar, you know,
that’s the reality of life, and therefore ventilation is really, really
important. Moisture has to move through this house, | can’t prevent it

getting in, but it has to move [Figure 6.24].

Figure 6.24: CS14's cellar stream

Note: The water in the centre of the photo has a current and flows from right to left through
the cellar, it is 2-3cm deep.

Moisture is therefore still an issue for CS14 which they manage with
ventilation and limited periods of daily heating all year round. CS1 and CS9
also have some damp challenges, and both maintain some level of heating
all year to help manage this. CS1 is on a site with hydrostatic head causing
rising damp and CS9 report legacy damp issues in their living room which
was previously a derelict basement. Other participants also identified minor
damp issues in some parts of their building, but these did not require

significant management strategies.

A third of the survey respondents indicated that their homes were slightly

damp while 7% have more substantial damp challenges (Figure 6.25).
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Comments again revealed issues with maladaption and a need for increased

heating and ventilation to keep damp challenges under control.

Figure 6.25: Survey respondents’ perception of dampness (N = 147)

6.7 Buildings in summer

All of the case study participants identified that their buildings had positive
performance and comfort in summer. Most felt that their homes stayed
comfortably cool, even in very hot weather conditions and several again
contrasted this performance with more modern buildings which they had
experienced (CS1, CS9, CS12, CS16). One of the participants in CS1 for
example, had worked in a state-of-the-art sustainable building constructed
within the last five years which had a highly glazed atrium. This building
could not be kept comfortably cool in even slightly warm weather and fire
doors had to propped open to try to improve comfort. Participants’ vernacular
buildings in contrast, remained cool because of their thermal mass and

nearly all benefited from cross ventilation.

CS1b: This building is great in summer, it’s never too hot, it'’s

comfortable inside, we can keep it warm enough for us... it’s lovely

CS12b: You really notice it, when it’'s baking hot outside, it’s lovely and

cool inside

CS16: It is, the house is brilliant actually yeah, so when it was really,
really hot in the summer you could close the shutters or pull the
blinds... the temperature never gets very, very cold and it never gets

very hot either, so you can stay inside and be fairly comfortable.
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Residents’ perceptions of their buildings’ performance were corroborated by
the summer energy diary thermometer readings. The maximum average
outside temperature was around 3°C higher than the maximum inside
temperature across the case studies (Table 6.5). Meanwhile the average
outside temperature was 3°C lower than inside temperatures, suggesting
that the buildings were reducing temperature peaks and troughs. Values for

each case can be seen in Appendix O, Page - 124 -.

Table 6.5: Average of summer thermometer readings over five days over all
cases

Average Inside Outside Difference in
temperature thermometer thermometer °C

across cases

Maximum (°C) 22.5 25.5 3

Minimum (°C) 18 11 7

Average (°C) 20.5 17.5 3

Thermometers were accurate to within +/-1°C, values are therefore
indicative and have been rounded to nearest half degree

The only case who found their building slightly too hot in summer was CS14,
who attributed this to a lack of insulation in part of their roof, which forms a
sloped ceiling to their upstairs landing, and to several skylights which made
the upper floor warm in hot weather. Their property was also the only one
without cross ventilation as they only had functioning windows on the east
facade of their property (Figure 6.26). In very hot weather this sometimes led
to the children sleeping downstairs in the living room, which generally stayed

cool.
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Figure 6.26: L: CS14's rear, west facing wall, R: Close up of non-functioning
window in west wall

The survey provided additional support for the positive summer performance
that nearly all case study participants identified for their homes (Figure 6.27).
All but one respondent perceived conditions to be within the range of cool,
neutral and warm that is generally considered acceptable (Hong et al., 2009).
The overwhelming majority (93%) of respondents wanted summer conditions
to remain as they were now. Only 5% wanted warmer conditions and 2%

cooler.

Figure 6.27: Survey respondents’ perceptions of and desired thermal
conditions in summer
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The vast majority of residents therefore consider their homes to have positive

summer comfort performance.

6.8 Discussion

Residents were found to have a range of energy behaviours and comfort
practices within their buildings. These behaviours appear to be active and
positive choices by residents. They are also indicative of adaptive thermal
comforts strategies (Nicol et al., 2020). Residents make use of personal and
spot heating and personal insulation, which is consistent with the principle of
keeping occupants rather than buildings warm (Brager et al., 2015;
Humphreys et al., 2011). It is possible that residents in heritage buildings
may make greater use of spot heating and adaptive thermal comfort
strategies than non-heritage residents. Residents also appeared to become
acclimatised to conditions within their buildings, with participants stating that

they find conditions comfortable but that visitors may not.

The behaviours that residents will and will not engage in are affected by their
circumstances. Older residents for example may require warmer conditions
and longer heating spans than younger, more active residents, although this
did not hold true for all participants. Children and those with some health
conditions may also require specific environments. These variations will lead
to differing energy demand and may also require tailored retrofit approaches
so that measures are enacted which are the most appropriate to residents’
needs, and therefore the most effective. Residents’ drivers for retrofit were
also found to be varied, with some residents for instance, interested in
secondary glazing to reduce traffic noise rather than because of its heat loss

reduction properties.

In contrast to general assumptions about poor comfort in heritage buildings,
the vast majority of residents were found to be satisfied with overall comfort.
The majority of residents were content with current winter conditions,
although a significant minority of the survey respondents would prefer

conditions to be slightly warmer. The two case study participants who were
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dissatisfied with their comfort had both been in their homes for the shortest
length of time. It may therefore be that these participants have not yet had
time to become accustomed to their homes and, conversely, to tune their
buildings to their own needs. This finding is also consistent with adaptive

comfort principles.

Participants appeared to actively manage ventilation within their buildings for
comfort, and while many of the survey respondents identified their homes as
draughty, they were mainly content with these conditions. The residents in
this research were therefore satisfied with their ventilation opportunities and

many appeared to enjoy the fresh air provided by high ventilation levels.

In summer both the survey and case study results strongly indicate that
residents perceive their vernacular buildings to be very comfortable in hot
weather, keeping comfortably cool. This perception also appears to be
supported by energy diary thermometer data which indicate actual
performance. This is something that may be of particular relevance given the
predictions of future temperature increases and heat wave events. These
findings are supported by other research identifying the positive performance
of vernacular buildings in warm conditions (Cardinale et al., 2013; Li et al.,
2013). They also clearly contrast with concerns that have been identified for
more modern buildings around overheating (Adekunle and Nikolopoulou,
2014; Lomas and Kane, 2013).

Residents’ general dislike of modern construction (section 4.6) could also be
seen in their identification that their 20" century extensions had the greatest
comfort challenges compared with older sections. Residents’ appreciation of
their buildings’ heritage values may mean that they are more likely to view
the performance of older building elements more positively. Residents
appeared to have more tolerance of some of the inconveniences of their
homes because of their heritage aspects, in some case identifying these as
adding to the character of the building. This finding builds on other research
which has suggested that residents’ heritage values may affect their comfort

tolerance in timber framed UK buildings (Whitman et al., 2019). It could also
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be synonymous with findings that occupants of ‘green’ naturally ventilated
offices have more tolerance for temperature variation than the same
occupants would have in ‘normal’ air conditioned offices because their values
effect their expectations (Martinez-Molina et al., 2016; Rupp et al., 2015). If
residents did not invest the same values in their buildings, they might be less

willing to accept some of these irritations.

A significant number of residents report challenges with damp in their
buildings, although most seem to have strategies to manage moisture
through ventilation. Previous maladaptions were a contributing factor for
some residents. This highlights the need to address current building
conditions and undertake any necessary repairs or maintenance prior to any
retrofit activity. It also emphasises the need to ensure that retrofits are
appropriate to specific buildings and that they do not create new problems or

contribute to existing ones.

The varied behaviours that residents were found to engage in, and their
generally positive comfort perceptions, will have implications for the energy
demand and also for the level of retrofit they may be willing to engage in. As
will be identified in the next Chapter, these behaviours are very different to
the assumptions made in policy and standard energy models. It is therefore
critical that behaviours and comfort perceptions are understood if effective

retrofits are to be enacted at scale.

6.9 Conclusions

This chapter has investigated residents’ energy behaviours (RsQ1c) and

perceptions of comfort (RsQ1d).

The vast majority of residents are concerned about their environmental
impact and this likely fed into the common low energy behaviours that they
engaged in and their perception that their household temperatures were
lower than average. Residents engaged in a varied range of behaviours,

such as heating residents rather than buildings to maintain comfort, and
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these behaviours were consistent with adaptive thermal comfort principles.
Most residents also engaged in active behaviours around managing

ventilation for comfort and moisture removal.

While some residents would prefer warmer conditions, and a number have
moisture challenges which need addressing, the vast majority were content
with overall performance and ventilation levels. These comfort perceptions
were potentially influenced by their heritage values, meaning that they were
more tolerant of some inconveniences. Residents identified that their

vernacular buildings had excellent performance in warm weather.

Residents’ comfort perceptions are generally positive and influence energy
behaviours, which are varied. These perceptions and behaviours are
important to understand as they will have a significant effect on the energy

demand and carbon emissions from these buildings.

Some material in this chapter has been previously published in (Wise, Jones, et al.,
2021; Wise, Moncaster, et al., 2021)



Figure 6.28: CS7 and CS8



Chapter 7. Real and modelled case study energy
and carbon

7.1 Introduction

The case study participants invest heritage values in their buildings which
influence the retrofits that they are willing to make, and their perceptions of
thermal comfort. These in turn effect their energy behaviours which help to
shape building energy demand. This chapter identifies the actual energy and
carbon demand from the case studies (RsQ2a) and compares this with the
results of standard energy simulation models (RsQ2b). It uses the data from
the case study building tours, building surveys and energy meter and utility
bill data.

The actual energy and carbon demand for the case studies is identified,
including fuel sources, energy use and carbon emissions and the context of
UK average energy demand is considered. This actual data is also compared
with modelled energy and carbon results from RASAP and the EPC ratings
that it produces for these buildings. Some of the assumptions made by the

model around construction and behaviours are also examined.

7.2 Actual case study performance

The case studies use a range of main heating fuels which will affect their
carbon emissions (Table 7.1). All cases also use electricity for lighting and

household equipment.

Table 7.1: Case study main fuel types

Main fuel
O -~ AN ™M < 1D ©
type - N O SO ONO®O®ODIFTETFFEF - r - -
D ADOOONOD O HOOnnononononaon
O O O O O O O O O O OO0 O O O O
Mains gas X X X X X X X X X X X
Oil X X
Electricity X
Wood X

LPG X
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This range of fuel types is also reflected in the broader survey responses,
which can be compared with Cumbria wide (Cumbria Intelligence
Observatory, 2020a) and English national (Slater and Garrett, 2019) figures
(Figure 7.1). A significantly lower percentage of the survey respondents use
gas as their main fuel compared with Cumbria as a whole, which itself has
lower gas use than national figures. A higher percentage of the survey
respondents use oil, no central heating, other fuel types and biomass,
compared with broader figures, although the percentage of those with
electric heating is lower.

Figure 7.1: Percentage of main fuel types for survey respondents compared
with Cumbria and England.

This lower gas use is likely to be a result, firstly of Cumbria itself being a rural
area where many properties lack access to the gas grid and need to make
use of alternative fuels (ACT, 2014), and secondly, because the evolution of
planning regulations means that older buildings, whose residents were
targeted by the survey, are also likely to be those that are more rural and
therefore less likely to have access to the gas grid. CS7 for example take
part in a village oil buying collective because there is no access to gas in the
local area while CS4, CS5 and CS14 had all had gas installed in their

properties during their occupancy when the opportunity arose.

Energy data was gathered for the 13 case studies for which it was possible
to undertake a physical site visit and conduct the building survey. No energy
data was therefore collected or CS4, CS10 or CS16. Participants provided

energy data in various forms (see Chapter Three and Appendix H.2). Most
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provided data over several years which enabled a weather independent
average to be calculated. The data was collected by fuel type and could not
be disaggregated into different end uses. The main heating fuel included
domestic hot water (DHW) for all cases except CS11 who has electric hot
water. For cases using gas, this also generally included energy used for
cooking as most participants had gas hobs. Electricity use included both
fixed building services such as lighting and extractor fans, as well as the
energy used by appliances and household devices (known as plug loads).
Seven cases (CS1, CS2, CS5, CS7, CS9, CS12, CS14) regularly used wood
burning stoves as secondary heating but were generally unable to provide
estimates of their wood use. Wood burning stove fuel use has therefore not

been included in either the actual figures or the energy modelling.

Natural gas from the national grid is the most common UK heating fuel and
national UK consumption figures often only include gas use. The case
studies which use gas are therefore considered first and compared with
national figures. A typical gas consumption range for UK households is
predicted by Ofgem each year, based on national energy bill data. Gas
consumption for the cases that use this fuel are compared with typical
consumption figures predicted for 2020 by Ofgem based on data from 2019
(Ofgem, 2020) (Figure 7.2). The Ofgem values range from 8,000kWh/y to
17,000kWh/y and it can be seen that four of the nine cases (CS5, C6, CS8,
CS13) have higher values than this range while only one of the case studies

is below the average Ofgem value of 12,333kWh.
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Figure 7.2: Case study natural gas usage compared with average UK
domestic gas use

Note: Cases with * * have some uncertainty in their energy calculation as described in
Appendix H.2. Case study floor area is shown in brackets

This comparison suggests that the case studies may have higher than
average gas use. However the average floor area of a UK dwelling is 95m?
(Piddington et al., 2020), while the average size of the case study buildings
which use gas is 45% larger at 172m?2. An alternative source of data to
Ofgem is the UK National Energy Efficiency Data Framework (NEED) (BEIS
and National Statistics, 2021). This data is climate adjusted to reduce the
bias from colder or warmer than average winters and provides median data
for floor area and number of occupants for England and Wales. The NEED

data for 2019 for gas and electricity is shown in Figure 7.3.
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Figure 7.3: Median annual gas and electricity consumption by floor area and
occupancy England and Wales, 2019.

Figure reproduced from (BEIS and National Statistics 2021, p. 9) under the terms of The
Open Government Licence (The National Archives, n.d.).

The appropriate national values for the floor area and occupancy for each
case can therefore be compared with the actual values (Figure 7.4). Using
this measure, it can be seen that, while two of the nine cases (CS5 and CS6)
have higher energy use than the national figures, the other seven cases are
around or below the median for their size and occupancy. The average case
study figure is 7.4% lower than the national average figure, suggesting that,
when floor area is considered, the majority of the case studies in fact have
lower than average gas use. This finding is consistent with the energy

behaviours explored in Chapter Six.
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Figure 7.4: Case study gas use compared with UK median gas use by floor
area and occupancy

A average figure for UK residential consumption per square meter of floor
area is also available from the European ODYSSEE-MURE database and
includes all heating fuels, not only gas (ODYSSEE-MURE, 2021b). This data
is also climate adjusted and can be compared with main fuel use for all 13 of
the case studies, which is divided by measured floor area (Figure 7.5). The
ODYSEE-MURE data is divided into energy for space heating, DHW and
cooking energy while the case study data cannot be disaggregated but
includes the same elements. CS1 uses a separate fuel, propane, for cooking
which has been added to their main fuel use; this equates to 3kWh/m?/y for
cooking which is similar to the UK average of 5kWh/m?/y. 1,008kWh has
been subtracted from the value for CS2, who only use electricity, as this is
the estimated proportion for lighting and plug loads which is provided by the
detailed energy modelling. CS11’s DHW and cooking uses electricity and the
proportion calculated by the detailed energy modelling has been added to

their main fuel use; this equates to 4kWh/m?/y.
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Figure 7.5: Space heating, domestic hot water, and cooking energy per m? of
floor space for all case studies, compared with UK average data

When this metric is considered, four of the case studies (CS1, CS2, CS5,
CS6), have higher than average energy. CS1 and CS2 both feel that their
heating systems are inefficient, CS2’s small floor area also increases their
energy use per m2. CS6 was using more heating than normal as a result of
an older relative staying with them during the time in which they provided
energy data. Their building also has a poor form factor, which is a measure
of the external surface area and the internal floor area. Simpler shapes and
non-detached buildings such as terraces have improved efficiency as they
have a lower heat loss area, while detached and more complex buildings
such as CS6 have a higher proportion of external surface to internal space
and are therefore subject to higher heat loss for the same floor area (Figure
7.6). It is unclear why CS5’s energy use is so high; however they also have a
detached property with fairly poor form factor and a large proportion of north

facing glazing which may contribute to their higher usage.

Nine of the case studies meanwhile have lower than average energy
demand (CS3, CS7, CS8, CS9, CS11, CS13, CS13, CS14, CS15). The case
study average demand is 16.5% less that the UK average. It would therefore
appear that the case study vernacular buildings do not have higher than
average demand for their main fuel use when the size of property is taken

into account.
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Figure 7.6: CS6, poor form factor with several complex elements

Electricity demand for the case studies can also be compared with NEED
data for median floor area and occupancy (BEIS and NS, 2021) (Figure 7.7).
Electricity use for the case studies includes lighting, extractor fans and plug
loads. CS1’s electricity also includes an electric shower in the downstairs
bathroom which participants described as a ‘back up’ shower in case there is
insufficient hot water in the main system. CS11 uses only 767kWh of
electricity each year, 34% of this was estimated to be used on cooking and
DHW by the detailed energy modelling and was included in Figure 7.5. This
263kWh was subtracted from the electricity demand displayed in Figure 7.7.
CS11’s extremely limited energy demand is attributable to their very frugal
and environmentally principled lifestyle. Similarly, the electricity demand for
CS2 is only that estimated to be used for lighting, fans and plug loads.

Overall, the electricity used by the case study participants is 14% lower than
the UK average and the majority of the participants feel that they have lower

than average recreational device use, which may be a factor in their reduced
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electricity demand. Nine of the case studies have lower than average
demand, three (CS7, CS9, CS14) have higher and one (CS12) has a similar
demand to the median figure. The cases with higher electricity demand are

different to those with higher-than-average main fuel demands.

Figure 7.7: Case study electricity use for lighting, ventilation and plug loads,
compared with NEED electricity data by floor area and occupancy.

The participants of CS7 both have permanent home offices and are quite
technologically active, with one of the participants for example, having radio
broadcasting equipment. One of CS9’s household works from home full time
with significant office equipment and both participants state that they enjoy
cooking and have many electrical appliances for this purpose- including a
micro-brewery -professing themselves to be ‘Complete gadget freak[s] which
is likely to explain their substantial electricity use. CS12 and CS14
meanwhile, both have young children, and both also have participants
working at least partially from home. The whole of CS14’s household
engages in substantial amounts of recreational video gaming as a family
activity. CS12 feel that they use limited devices for recreation, however their
home lacks natural light (Figure 6.21, Chapter Four), and they feel that they
therefore use a comparatively large amount of electricity for lighting.



Page 236 Reducing carbon - retaining heritage

Carbon equivalent emissions, which include other greenhouse gases as well
as CO2 were calculated from the energy demand for each fuel type using the
UK Government’s carbon factors for 2021 (BEIS, 2021b). Significant
variation can be seen amongst the different cases (Figure 7.8). At one end of
the scale, CS1 has by far the highest carbon emissions, despite reporting
engaging in a range of positive environmental behaviours. However, they
have oil fuelled central heating and a system with two boilers both over 40
years old which are estimated to be only around 65% efficient. They are
actively planning to upgrade their heating system and are currently
investigating low carbon heating options. CS7 also uses oil central heating
but, in contrast to CS1, have a much more modern boiler, listed as 80%
efficient in the UK Product Characteristics Database (BRE, 2020b). At the
other end of the scale, CS11 uses very little energy and also uses a wood
burning stove, which has much lower emissions, as their only heat source.
The average carbon emissions across the case studies are 4,614kgCOze or

4.6tCO2e per year.

Figure 7.8: Overall case study carbon equivalent emissions

CS1, CS2, CS5, CS7, CS9, CS12 and CS14 also make regular use of wood
burning stoves as secondary heating and the emissions from these are not
included in these carbon figures. However, because these participants use
wood, the additional emissions are likely to have a limited effect, CS7’s wood

use is known for example and leads to an additional 3,998kWh/y of energy
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but only 62kgCO2e/y. The omission of this fuel source is therefore unlikely to

significantly affect the total carbon emissions.

Normal grid electricity carbon factors (BEIS, 2021b) are assumed for these
carbon calculations. Over half of all the case studies and seven of the 13
modelled have a green electricity tariff, where energy companies promise to
offset their energy use by investing low carbon energy generation, and CS9
also has a green gas tariff. While the energy that the cases receive is still the
standard UK grid mix, residents on green tariffs are investing in renewable
energy generation and therefore contributing to wider grid decarbonisation.
In addition, CS2 has onsite hydroelectricity generation, which will account for
a proportion of their all-electric demand. This means that actual emissions
will be lower than those listed here (exact figures for hydroelectricity used on
site were not available, see Appendix H.2). None of the other case studies
for whom energy data was analysed had renewable generation. The pilot
case study has a biomass boiler and solar PV and CS16 has solar thermal
panels, but energy surveys were not undertaken for either of these cases, so
energy data was not provided.

In summary, the case studies use a variety of different fuels and have a
range of annual energy demand and carbon emissions. The average case
study energy demand is lower than national energy demand for all fuel uses

when floor area is accounted for.

7.3 Standard energy models and actual performance

RASAP is the tool used to produce EPCs (Energy Performance Certificates)
for existing residential buildings in the UK. RASAP models consistent with the
official conventions (Chapter Three) were created for each of the 13 case
studies that were physically visited. As noted above, secondary wood fuel
use data was not available for most of the case studies and has therefore
been omitted from the energy modelling. This secondary heating may reduce
the demand on the main heating system if they are used concurrently (i.e.,

wood burning stove and radiators both on together in a living room), thus
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leading to overestimated main fuel use if the secondary heating is omitted.
This has been controlled for by including a secondary heating source in the
model for applicable cases and then subtracting predicted energy demand
for this secondary heating from the RASAP totals so that these can be

appropriately compared with the actual measured data.

The results of the RASAP models were compared with the actual case study
energy demand and RASAP was found to generally overpredict the actual
demand (Figure 7.9), with an overestimation of 35% on average for total

energy use.

Only for CS6 and CS12 is the actual energy use slightly higher than that
modelled, and CS9 has actual and modelled use that is similar. These cases
differ from the others in that they have large modern extensions. Research
from other European countries has shown that energy use is often
underestimated in modern construction by EPC models (Majcen et al., 20183;
Sunikka-Blank and Galvin, 2012). This may therefore contribute to a
modelled value closer to reality for these three properties. CS13 is the other
case which has a modern extension, but this forms a much smaller
proportion of the overall building than the extensions for the other three

cases.

Figure 7.9: Case study total energy use compared with RASAP predictions
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It would therefore appear that RASAP is overestimating energy demand for
most of these case study buildings. One omission from the RASAP model is
that plug loads, which make up 14% of an average households’ total energy
use (Palmer and Cooper, 2014), are not included. RASAP only includes fixed
electrical demands such as extractions fans, system pumps and fixed
lighting. To assess the impact of this omission, the results were
disambiguated into the disparate fuel types from the RASAP model outputs
(Figure 7.10 and Figure 7.11). The actual energy data was divided into main
fuel use for heating, DHW and cooking, and electricity as described above,

with estimated proportions once again used for CS2 and CS11.

In contrast to the total energy use, electricity demand is underestimated in
RASAP by an average of 78% (2,809kWh) across the cases because of the
omission of plug loads. CS11 with their very low electricity demand is the
only case whose actual electricity is close to that predicted by RASAP.
Meanwhile the cases identified as having high electricity demand (CS7, CS9,
CS14) are substantially underestimated.

Figure 7.10: Case study electricity demand compared with RASAP predicted
demand
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RASAP assumes standard heating patterns and temperatures to enable
comparison between different properties (DCLG, 2017) (Table 7.2). These
assumptions do not reflect the behaviours of the case study participants or
survey respondents which were identified in Chapter Six. Survey
respondents’ average temperature set point for their main living space was
2°C less than that assumed by RASAP (Figure 6.5) while the case study
participants heated their homes to 18°C on average (3°C less than assumed)
(Figure 6.7). The case studies’ average heating time was longer than that
assumed by RASAP at 12hrs and 45minutes but only varied at weekends for
one of the 16 cases. Most importantly, the vast majority of residents in this
research only heat actively used parts of their buildings and most also do not
heat bedrooms. This is very different to the uniform heating assumptions
made by RASAP. The prevalence of spot heating usage by the residents in
this research may also contribute to their lower main heating settings in
comparison with SAP/RASAP assumptions. It must be noted however that
RASAP also assumes the use of secondary heating in the main living space

as part of its calculation process.

Table 7.2: SAP/RASAP assumed heating patterns and temperatures

Day SAP/RASAP Heating pattern
Weekdays 2hrs on, 7hrs off, 7hrs on, 8hrs off (9hrs in total)
Weekends 16hrs on, 8hrs off (16hrs total)

Temperature settings

Main living space heated to 21°C
The rest of the building uniformly heated to 18°C

Values from (BRE and DECC, 2014).

This significant difference between actual and assumed heating behaviours
is likely to be one of the causes of the large gap between modelled and
actual energy for heating, DHW and cooking energy (Figure 7.11). The
average overestimation for this main fuel demand is 57% (11,081kWh). This
is despite the fact that RASAP does not include an estimate of the energy
used for cooking, while this is included for the figures for the majority of the

case studies.
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Figure 7.11: Case study heating, DHW, and cooking energy compared with
RASAP results

The energy demand for CS6 and CS9 is now overestimated by the model.
CS12is now only underestimated by 105kWh while the difference for CS14,
which has one of the highest electricity demands, has increased by over
5,000kWh, to an overestimation of 16,191kWh. The modelled energy use is
twice the actual energy use for four of the case studies (CS3, CS7, CS14,
CS15) and nearly five times more than the actual use for CS11. The
occupants of CS3 are often away for work and education so will have lower
occupancy than predicted by RASAP. CS7 heat their home to warmer
temperatures for longer than many of the other cases (Chapter Six);
however, their home is large, and they only heat a comparatively small
proportion of it. RASAP in contrast bases its calculations on number of rooms
and floor area and will be assuming that a much larger area is heated. CS11
has extremely low energy behaviours, very different to the standard
assumptions made in RASAP, and CS14 also has very limited heating

patterns, making use of adaptive comfort strategies to maintain comfort.

The difference for the main fuel used for heating, DHW and cooking, in kWh
and in percentage terms was calculated for each case study (Figure 7.12).
The average overestimation for this energy demand across the case studies
is 11,306kWh or 81.5%.
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Figure 7.12: Overestimation in kWh and percentage by RASAP compared
with actual values

The discrepancy between actual and modelled figures can also be seen in
the carbon emissions produced by RASAP and those calculated from the
actual energy figures (Figure 7.13). This discrepancy is exacerbated
because the amount of CO2 per kWh, known as the conversion factor, for
different fuels is not up to date in RASAP (Table 7.3). This is particularly
evident for electricity which has decarbonised rapidly in recent years and for
2021 was 0.231kgCO2¢e/kWh (BEIS, 2021b), or less than half the
0.519kgCO2/kWh used for RASAP (BRE and DECC, 2014).

Table 7.3: RASAP and current UK carbon factors for different fuels

Fuels RASAP carbon factors 2021 government carbon
(kgCO2/kWh) factors (kgCO2e/kWh)

Electricity 0.519 0.231

Gas 0.216 0.183

Qil 0.298 0.248

Wood 0.019 0.015

RASAP overestimates the total carbon emissions for the case studies by
62%, which equates to slightly less than three tons (2,871kgCO2) of carbon

per case study per year. This is despite the underestimation of electricity
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demand. Note that the actual figures are calculated using CO:2 equivalent
factors, while the RASAP figures only consider CO2. This should mean that
the actual values would be slightly higher than those produced by RASAP. It
was not possible to model micro hydroelectricity as a source of renewable

generation in RASAP.

Figure 7.13: Case study total carbon emissions for RAISAP and actual
emissions

RdSAP produces energy efficiency ratings for EPCs which run from the
worst performing band G (0-20) to the best performing band A (92+). These
ratings are not based solely on energy use but also relate to the predicted
fabric performance and to the cost of different fuels, although the exact
calculation method is opaque (BRE and DECC, 2014) A relationship
however would still be expected between energy demand and energy
efficiency rating.

The EPC rating was compared with actual main fuel use by floor area (Figure
7.14). Electricity use was disregarded due to the absence of plug loads in
RASAP. The case study energy use has been arranged from least to most,
left to right. If the EPC ratings reflected actual energy use it would be
expected that the highest ratings would be to the left and the lowest to the
right. However, it can be seen that this is not the case, with low ratings at
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both ends of the scale and the highest ratings in the middle. CS1 and CS7
which both use oil, and CS2 and CS11, on electricity and wood respectively,
have lower ratings than the cases which use mains gas, because RASAP

considers other fuels to be more expensive.

To test the apparently weak relationship between EPC rating and actual
energy demand for heating, DHW and cooking observed in Figure 7.14, a
Pearson moment correlation was run. This confirmed that the relationship
was not statistically significant at (p <.01 or p <.05) and the results had a
low negative correlation (11) =-.224, p = .463. EPC energy efficiency bands
and actual energy demand therefore do appear to have a weak relationship
based on this small sample.

Figure 7.14: Actual main fuel use by floor area compared with energy
efficiency rating from EPCs based on RASAP

7.4 Discussion

The majority of the case studies have lower than national average demand
for both their main heating, DWH and cooking fuel, and for electricity.
Average demand across the case studies is also lower than the average UK
household when floor area is taken into account. This finding is contrary to

general assumptions identified in the literature (Chapter Two) around
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vernacular buildings having high energy demand. It also reflects the low
energy, adaptive heating practices identified for both the case study
participants and survey respondents in Chapter Six. Energy data was not
collected for the survey respondents, but the case studies appear
representative of the wider survey in terms of building characteristics and
energy behaviours, so the energy demand from these buildings could be
inferred as likely to be similar. The vernacular buildings in this research

therefore do not appear to have high energy demand.

The importance of considering a range of metrics when assessing energy
performance is also highlighted. There are benefits and challenges with
considering both absolute energy and energy by floor area. CS7 for instance
has 4" highest absolute main fuel demand but when demand is compared by
floor area, because they have such a large house, they have the lowest
energy intensity per m2. There is a relationship between building floor area
and energy use, although this is only one of many complex factors that affect
energy demand. The use of comparative metrics such as floor area is
nonetheless considered useful to enable the normalisation of data and the
comparison of energy across differently sized buildings, and is commonly
used in policy and research (LETI, 2021; Fawcett and Topouzi, 2020; Gram-
Hanssen, Georg, et al., 2018). In the context of climate change and the
critical need to reduce carbon, is it however important to consider absolute
as well as relative measures (Gram-Hanssen, Georg, et al., 2018), and it is
generally acknowledged that more than one metric is required to gain a full
picture of building performance (Fawcett and Topouzi, 2020).

EPCs have an important policy role and RASAP, as the tool to produce them,
is also often used for retrofit design in the UK (Chapter Two). Since the
modelling results are often used to inform retrofitting decisions in this manner
it is important that those results provide a reasonably accurate reflection of
the actual energy originally consumed in the building, otherwise retrofitting
activities may not achieve predicted energy and carbon savings. RASAP was
found to significantly overestimate energy and carbon in the case study

buildings. If retrofit decisions were informed by this modelling they would not
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be based on accurate information. As such, they would most probably lead to
significantly lower than predicted actual energy and carbon savings;
contributing to the performance gap and failing to achieve carbon goals.
From a lifecycle carbon perspective, retrofits based on overestimated
baselines may in fact lead to increased carbon emissions, because if
operational savings are lower than expected they may not outweigh the
embodied carbon investment required for the retrofit. On a national
perspective, UK policy is also being driven by a tool that appears to
systematically overestimate energy demand and resultant carbon emissions
from the historic built environment. This may lead to inappropriate policy
development and poor-quality policy approaches to carbon reduction from
heritage buildings.

Total energy demand figures for RASAP may appear more accurate than
they actually are, because the omission of electric plug loads mean that
electricity demand is underestimated. This obscured the significant
overestimations found for space heating which makes up the largest
percentage of main fuel use. Reducing space heating demand is the main
focus of most retrofit projects, reinforcing the findings that RASAP would not

provide accurate results to inform retrofitting.

These models do not take individual behaviours into account because they
try to ensure that buildings with residents with different behaviours can be
compared and because it simplifies the use of the tool (Jain et al., 2020). The
energy behaviours of the case study participants are very different to the
standard behavioural assumptions around heating practices however. This
discrepancy is likely to be one of the key factors in the overestimation of
energy use in RASAP.

Several authors have also identified that RASAP poorly reflects the

performance of traditional materials (Pickles and Cattini, 2015), in particular
assuming higher, and therefore poorer, u-values than in situ measurements
indicate (Baker, 2011). This is partly attributed to an underestimation of the

percentage of mortar in many traditional solid walls, which may make up
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around 40% of the wall composition (Li et al., 2015). As non-uniform and
individual structures, accurately calculating the u-values of solid walls without
in-situ measurements is challenging. However, there is sufficient data to
suggest that the averages assumed by RASAP may be poorer than the
reality and that this is another critical factor in RASAP’s overestimation of

predicted energy use.

For illustrative purposes the main wall u-values from the Design Builder
modelling (see Chapter Three and Appendix H.1), which are still
assumptions but are based on data from international materials databases
and a more detailed wall build up, were compared with the RASAP values.
The average difference across the traditional materials (excluding modern
walls in extensions) was 0.23W/m?K and the RASAP values suggested a
23.3% poorer performance on average. Some of the assumptions around the
poor performance of vernacular buildings may therefore be influenced by

their poor reflection in standard models

The substantial discrepancies in the carbon factors used for RASAP will have
implications for the retrofits measures that this tool recommends. The
particularly large discrepancy for electricity, for instance, will affect the
apparent viability of heat pumps for decarbonising heating if modelled in
RASAP. The installation of heat pumps in existing buildings is a key part of
the UK Government’s recent Heat and Buildings Strategy and their
installation is being financially incentivised (BEIS, 2021a). Currently however,
different policy tools are providing mixed drivers because of the inaccuracy of

EPC modelling tools.

The energy ratings produced by RASAP are a poor reflection of energy
demand in the case study buildings and do not reflect the trends in actual
energy performance. This is particularly concerning given the increased use
of EPCs as a policy tool across the UK and Europe to encourage retrofitting
by mandating that buildings meet certain energy efficiency ratings though the
use of Minimum Energy Efficiency Standards (MEES) (BEIS, 2020a). If

energy efficiency standards are being measured by tools such as RASAP
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then they are very likely to poorly reflect actual building performance and
energy demand and may not lead to actual performance improvements, thus
jeopardising climate goals. The use of these ratings may also incorrectly
penalise heritage buildings because of their poor representation in standard
tools rather than accounting for their actual performance. The principle of
mandating energy standards may be reasonable. However ratings must
reflect actual energy performance if policies are to be effective and real

savings are to be made.

7.5 Conclusion

This chapter identified and examined the actual energy demand of the case
study buildings (RsQ2a) and compared these findings with UK averages
using absolute and relative metrics. It also assessed the ability of the UK’s
standard energy simulation tool for existing buildings, RASAP, to accurately
reflect the energy demand of the case studies (RsQ2b). The majority of the
case studies use gas as their main fuel type. A variety of other fuels were
also used, and the proportion of mains gas was less than that for national
figures. This was reflected in the wider survey data and influenced by the
rural nature of Cumbria. Most of the case studies were found to have lower
energy use than UK averages if floor area is taken into account, challenging

general assumptions around the poor performance of vernacular buildings.

RASAP was shown to significantly overestimate the main fuel use for
heating, DHW and cooking, and the overall carbon emissions. Inaccurate
assumptions about residents’ behaviours and the performance of traditional
materials are likely to be important contributors to the significant
overestimations of energy use by RASAP for the case study buildings. The
use of out-of-date carbon factors is also a contributory factor.

It is not possible to save energy that is not actually being used and retrofit
decisions based on these models would therefore lead to significantly lower
than predicted actual energy and carbon savings for these cases. The

relationship between EPC ratings and actual energy demand was also found
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to be weak, with significant implications for policy tools based on these
ratings. It was therefore concluded that, in its current form, RASAP is unfit for
purpose when it comes to assessing vernacular buildings and that retrofit

decisions should not be informed by this model.

The current energy demand of the buildings studied in this research is
around or below average for domestic UK buildings however it is still critical
to reduce carbon from these types of buildings, and indeed all buildings, to
help mitigate climate change and meet global and national carbon goals.
Ways must be found of retrofitting vernacular buildings that are compatible
with their vernacular construction, and residents’ heritage values and energy
behaviours. A model that better reflects the actual energy demand of these
buildings is required to assess the energy and carbon impact of a range of

retrofit measures.

Some material in this chapter has been previously published in (Wise, Moncaster,
et al., 2021)



Figure 7.15: CS9 and CS10



Chapter 8. Carbon reduction potential of retrofit

8.1 Introduction

Residents’ views, values and behaviours have been found to play a critical
role in determining the energy demand of their buildings. The UK’s standard
energy model for existing buildings has been found to poorly represent the
current energy and carbon performance of vernacular construction or the
complex interrelationship of residents with their buildings. More accurate
baseline models are required if they are to help to develop an understanding
of the operational energy and carbon effects of retrofit. For a full picture of
the potential for retrofit to reduce carbon from buildings, the embodied
carbon of retrofit measures must also be calculated as part of a lifecycle

approach.

This chapter examines the opportunities to create reasonably representative
baseline models of the case study buildings, which take account of their
traditional construction and their residents’ behaviours (RsQ2c). Using these
baseline models and lifecycle assessment, the operational, embodied, and
overall lifecycle carbon impact of a range of individual retrofit measures is
calculated (RsQ3a). The data collected during the case study site visits is
used to inform the development and calibration of the energy models. The
LCA then uses data from Environmental Product Declarations (EPDs) and
LCA databases to calculate the embodied and lifecycle impact of measures.

8.2 Baseline models

Three energy modelling tools were assessed as part of this research,
RASAP, SBEM and Design Builder (see Chapter Three). The functionality,
flexibility, and level of input data for these tools was compared and

summarised (Table 8.1).

RASAP is the least detailed of the models, it uses standard behavioural
assumptions for the whole building (Chapter Seven). It has limited options for
choosing construction materials, and choices generally apply at a whole
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building level with little opportunity for variation. It does not use detailed
dimensions or specific location data. These features mean that limited data is
required, and models are quick and easy to produce but that accuracy is
poor, as found in Chapter Seven. RASAP is a steady state model where the
calculation is based on monthly, averaged, data simulations (Godefroy et al.,
2021; BRE and DECC, 2014).

SBEM is more detailed. Standard behavioural (activity) templates can be
selected at an individual zone/room level, although these templates cannot
be altered. More detailed data on constructions can be used from a library
within the software or by entering u-values. Materials and heating systems
can also be defined for each zone and each envelope within that zone.
SBEM uses detailed dimensions, and location data can be selected from 14
regions across the UK. A greater amount of data is required than for RASAP
and the data input process is slow. Models still lack flexibility in the definition
of materials, complex shapes, and the ability to model specific behaviours.
SBEM, like RASAP is a steady state model using monthly average data,
meaning that accuracy is reduced. Details of the SBEM modelling can be

seen in Appendix G.

Design Builder (based on the EnergyPlus simulation engine) is the most
detailed of the three models, providing much greater flexibility around data
entry and tailoring models to specific buildings. Standard behavioural
templates can be used for each zone. These templates can be altered to
reflect actual behaviours and/or new, user defined, templates and schedules
can be created. The individual materials that make up construction
assemblies can be selected from a large database and new materials can be
defined. Specific location and hourly weather data is used and can be
uploaded from other sources. Design Builder requires detailed data, the
modelling interface is user friendly but modelling is complex, increasing the
opportunities for user error. Data entry takes a similar time to SBEM but
produces more detailed models. Design Builder uses a dynamic simulation
calculation which for this research was set to six timesteps per hour,

meaning calculations updated at ten-minute intervals. This means that
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results are much more responsive to small changes and are therefore more
representative of reality, although simulation times are slow and require
significant computing power. Details of the Design Builder modelling can be
seen in Appendix H.1.

Table 8.1: Overview comparison of RASAP, SBEM and Design Builder

Data/function RAdSAP SBEM Design Builder
Climatic Based on an 14 regional Location specific hourly
location average UK locations across weather data can be
location in the UK (Manchester used. 7 locations within
Pennines closest to Cumbria
Cumbria)
Dimensions Age band of Define ‘zones’ Define zones through
building pre-1919.  which can be 3D modelling. Floor

Overall floor area,
ceiling height and
length of party
walls.
Detachment and
storeys. Number
of habitable
rooms (reception,
kitchen-diner,

synonymous with
rooms. Manually
define each
envelope
element’s area,
orientation, and
connection (i.e.,
another zone,
outside, other

areas and room
heights for each zone.
Envelope areas,
orientation and
connection calculated
automatically from 3D
model.

bedrooms, property).
studies). Number
of heated
habitable rooms.
Ground Heated Connection of Several options for
definitions basements are envelope modelling ground. Can
included as a elements can be include half submerged
room. Otherwise,  defined as or fully submerged
floor connection ‘ground’ for spaces and specific
defined as ‘above  underground ground temperatures,
unheated spaces or defaults based on
basement’ or location
above ground.
Materials For whole Individual Individual constructions
building, wall, constructions for can be defined in

floor, and roof
materials selected
from limited drop-
down list, and
thickness of any
insulation above
50mm specified.
System calculates
u-values based
on building age
band. Four
‘extensions’ can
be used to define
different
construction ages
and materials.

each envelope in
each zone can be
defined from a
library of common
constructions or
specific u-values
can be entered.
Thermal bridges
can be input or left
as defaults.

material layer build ups
rather than as a single
entity. Substantial
library of materials,
new materials can be
easily defined. Includes
thermal mass data.
Provision to input
specific linear thermal
bridging values and to
calculate repeat
thermal bridging.
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Data/function

RASAP

SBEM

Design Builder

Windows

Heating
systems

Hot water

Lighting

For whole building
proportion of
glazed surface is
based on age
band. User can
define less than
typical, typical, or
more than typical,
single, double, or
triple glazing, and
frame material for
whole building.
Input percentage
of double glazing,
otherwise
deemed to be
single glazed

Area, window u-
value, frame to
glass factor and
shading of any
glazing in each
envelope

Windows drawn in 3D
model. Define material
layers or u-values and
solar values for glass
in each window. Large
glazing library. Define
frame materials and
thickness, including
number of window
dividers. Can define
blinds and operation.
Dynamic shading
calculated
automatically. Internal
glazing also definable.

One heating
system for
building. Input fuel
source, emitter
type, boiler type
and boiler
efficiency from
national
database. Option
for a second main
heating system
based on
percentage of
load. Option for
one secondary
heater with fuel
type and emitter.

Define as many
heating systems
as required and
apply them to
individual zones.
Secondary
heating can be
applied to any
zone. Details of
system efficiency,
fuel source and
emitters. Wood
burning stoves
and open fires can
be defined

Schematically define
as many heating
systems as required
and apply to individual
zones, including
combinations of
different systems.
Emitter types,
efficiency, fuel sources,
water temperatures/fan
speeds, performance
parameters, booster
systems. Output power
or auto size function.
Only electricity can be
used as fuel for direct
room heaters. Wood
burning stoves and
open fires cannot be
defined

Source (from
boiler or direct).
Size category of
tank if applicable.
Tank insulation.
Physical number
of showers and
baths in property

Source, tank size,
tank insulation.
Number of
showers. Waste-
water recovery for
any showers.

Define schematically
as part of detailed
HVAC. Connection to
boiler and/or internal
heater. Size of hot
water tank or auto size,
can define auxiliary
tanks. Water
temperature and zones
served.

Percentage of
fixed lighting with
LED bulbs

Define lighting
type and control
for each zone

Define lighting type,
power, and control for
each zone. Add
specific ‘task lighting’ if
needed
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Data/function RdSAP SBEM Design Builder
Ventilation Natural or Select ventilation Natural ventilation
Nnfiltration mechanical type for each zone details and rates can
ventilation from list. Overall be defined as can
infiltration mechanical ventilation
for each zone (extract
fans or larger
systems). Overall
infiltration or more
detailed calculations.
Renewable Limited details of Details of Details of renewables,
technologies renewables. renewables specific location of
collectors for solar
panels. Integration with
HVAC systems (i.e.,
solar hot water and
back up boiler).
Behaviours Standardised ‘Activity’ of each Activity of each zone
assumptions for zone can be can be defined from
whole building defined from database or individual
database heating patterns,
(bedroom, kitchen  temperatures,
etc) and occupancy, lighting,
determines electrical equipment,
heating and hot water use can
temperature and all be defined
pattern and zone individually or adjusted
occupancy from templates
Simulation One option, One option, Simulations can be run
options produces EPC produces EPC at various levels of

certificate and
data sheet which
summarises some
outputs over an
annual period

certificate and
data sheet which
summarises some
outputs over an
annual period

detail for periods
ranging from individual
days to multiple years.
Detail and length of
simulation affects
simulation time. Can
run system sizing
calculations. Significant
flexibility in outputs and
details are available.
Options to conduct
sensitivity and
uncertainty analysis

Design Builder (DB) was therefore chosen as the tool to undertake the
retrofit modelling. Baseline models were created for each of the case study

buildings.

There were a range of uncertainties in the DB baseline modelling because of
the limited input data available (as discussed in Chapter Three). It was not
possible to undertake in-situ u-value testing, air tightness testing, or detailed

internal and external temperature measurements. The fabric performance



Page 256 Reducing carbon - retaining heritage

and rate of infiltration for each case study building was developed from the
site visits through a detailed visual inspection and information provided by
residents on construction build-ups and infiltration levels. The performance
data for the materials used in the construction build-ups data was sourced
from Design Builder’s large library of materials from authoritative sources,
and from manufacturer data for specific products where applicable.

Infiltration levels were chosen within a range of values based on the literature
and checked with a Cumbrian air tightness expert. Specific values for each
case study were estimated within this range based on residents’ feedback
and site visit observations. Details of occupant behaviours and internal
temperatures from the energy diaries, interviews, and site visits, informed the
behavioural aspects of the model. Meanwhile, because site specific weather
data was not available, values from the nearest weather station with hourly
data were used, taking local topographic and climatic variations into account
when choosing which data set to utilise. The material u-values and
construction build ups, air permeability, weather data locations, and other
data and assumptions for the baseline models are detailed in Appendix H.1
(weather details in Appendix H.3).

These models were calibrated with actual energy use, based on yearly, or
where available, monthly, fuel totals. Calibration was undertaken in a
stepwise manner, making alterations to individual parameters where there
was uncertainty. For all but one of the case studies it was possible to
calibrate the modelled yearly energy demand to within 5% of the actual
yearly energy demand for each fuel type (Figure 8.1). Heating demand for
CS11 could not be calibrated to closer than 10.1% because it was not
possible to accurately model their wood burning stove. This is because only
electric direct heating can be modelled in DB. The way that wood burning
stoves have been treated in DB and the additional uncertainty this adds to
the model is detailed in Appendix H.1. Variations between actual and
modelled energy use across the year were also assessed for four of the
cases where a breakdown of annual data was available (Federal Energy
Management Program, 2015) and this suggested that variation was within

reasonable limits (Appendix H.3).
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Figure 8.1: Percentage difference between actual and modelled energy
demand after calibration

The Design Builder baseline models were therefore considered likely to be
reasonably representative of actual building performance (more details on
the calibration process are available in Appendix H.3). The level of detailed
data collection and construction build ups, more localised weather data and
behavioural tailoring, as well as the calibration of the DB models, lead to a
much closer approximation of reality than that produced by either the RASAP
or SBEM models, and the dynamic nature of the model means that the

simulation process is more accurate.

However, it is clear that, due to the limitations and assumptions necessary
for the input data, there are still significant uncertainties in the parameters of
the model. If for example more detailed input data was available, it would
have been possible to calibrate the outputs of the model in different
categories (such as fabric heat loss) against more detailed input data. The
Design Builder models, and indeed all models, are only reflections of reality
and, as such, their results should be treated as indicative rather than
absolute.
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In modelling the potential operational savings of the retrofit measures, it is
therefore important to note that the absolute values of the predicted savings
will be subject to uncertainty. However, the relative savings of the different
measures are still very useful in assessing the impact of these measures for
carbon reduction and heritage retention in vernacular buildings, and as the

operational basis for the lifecycle assessment.

Design Builder was selected as the most effective and detailed modelling
tool after investigating and comparing RASAP, SBEM and Design Builder.
Detailed baseline energy models of the case studies were created which
were calibrated to actual energy use, details of the assumptions and inputs
for the Design Builder models can be found in Appendix H.1 and H.3.

8.3 Operational energy and carbon savings from retrofit measures

A total of 40 individual retrofit measures were modelled for each of the 13
case studies for which it was possible to conduct physical site visits. Design
Builder provides the energy demand for different fuels used as well as more
detailed breakdowns. From this energy demand, the carbon emissions were
calculated using the appropriate government conversion factors for each fuel
(BEIS, 2021b). The predicted energy and carbon effect of each retrofit
measure was calculated. 19 of the 24 measures listed in the acceptability
matrix for the case studies were applied individually to the baseline Design
Builder models. chimney balloons, aluminium windows, exterior shutters,

WSHPs and wind turbines were excluded.

Chimney balloons were excluded because it was not possible to model
specific air infiltration from chimneys. They were also not applicable for the
majority of the case studies who mainly had wood burning stoves with closed
flues or already used chimney balloons or similar. Discussions with
participants highlighted confusion around the interpretation of aluminium

windows, with some considering this to mean aluminium clad wood and
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some full aluminium windows. Because of this confusion and their lack of
acceptability, aluminium windows were not modelled. Constraints in the way
that shutters had to be modelled (Appendix 1), meant that there would be no
difference in the results for interior or exterior shutters, so exterior shutters
were excluded because of their lack of acceptability to residents. WSHPs
were excluded because they were not applicable to any of the modelled case
studies. Wind turbines were excluded because they were mainly not
acceptable to residents, were unlikely to be acceptable in planning policy in

Cumbria and were also complex to model.

Three adjustments to heating settings were also modelled: reducing heating
setpoint temperatures, turning heating off while away, and not heating
bedrooms. A range of natural, standard, and technical insulation materials
were modelled to explore the impact that different material choices would
have on energy and carbon (see Chapter Three and Appendix | for further

details of each measure).

The 40 retrofit measures and main assumptions made in the modelling are
displayed in Table 8.2. For insulation products, a range of thicknesses were
modelled to provide practical alternatives where; for example, a change of
floor height would be required, or where internal space would be an issue for
IWI. Not all of the measures were applicable to all of the case studies; CS12
for example only has a warm roof which already has over 150mm of

insulation, so no further insulation was modelled.

Table 8.2: Summary of operational modelling of retrofit measures

Retrofit measure Summary details

Loft insulation: for cold roofs

Natural material: Cosywool  Fitted between joists to top up existing insulation to
300mm thickness

Standard material: Supersoft As above

Technical material: Ultrawool As above

Ceiling insulation: for warm roofs

Natural: Gutex thermoflex 150mm fitted between and below rafters, leaving a
ventilation gap
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Retrofit measure

Summary details

Standard: Knauf rocksilk

As above

Technical: Aerogel

20mm fitted between rafters, leaving ventilation gap

Heritage: Diathonite

50mm fitted between rafters, leaving ventilation gap

Internal wall insulation

Natural: Gutex thermoroom

50mm installed on the internal side of external walls
against the stonework where internal insulation is not
already extant

Standard: Knauf omnifit

As above

Technical: Aerogel

20mm as above

Heritage: Diathonite

50mm as above

External wall insulation

Natural: Gutex multitherm

100mm installed on the external face of external walls
fitted against the stonework and considered to be
covered with lime render

Standard: Knauf rocksilk

As above

Technical: Isohemp blocks

As above

Solid ground floor insulation

Natural: Geocell foamglass

New floor build-up of 50mm gravel, 300mm foamglass
and 85mm limecrete, with existing floor covering re-
laid.

Standard: Kingspan
Kooltherm

60mm fitted with existing floor covering re-laid

Technical: Aerogel bonded
chipboard

20mm bonded to chipboard fitted with existing floor
covering re-laid

Suspended ground floor insulation

Natural: Thermofloc

140mm fitted between joists in suspended floors,
leaving a ventilation gap

Standard: Knauf omnifit

As above

Technical: Aerogel bonded
to chipboard

20mm bonded to chipboard fitted between joists in
suspended floors, leaving a ventilation gap

Low e double glazed,
hardwood frames

Window replacement

Replaces all single glazing, secondary glazing, or poor
quality (as defined by homeowner) double glazing.

Low e double glazed, UPVC
frames

As above

Low e triple glazed,
hardwood frames

Replaces all glazing

Low e triple glazed, UPVC
frames

Replaces all glazing

Window additions

Curtains

Added to all windows currently lacking curtains by
adjusting glazing U-values as described in Appendix |
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Retrofit measure Summary details
Interior shutters As above
Secondary glazing Added to all single glazed windows by adjusting the U-

value as described in Appendix |

Heating systems and renewable technologies

EE boiler High efficiency gas/oil boiler model from the UK’s
Product Characteristics Database (PCDB)

Biomass pellet boiler High efficiency Austrian domestic biomass pellet boiler

Solar PV: Maxeon 3 black 21.1% efficient solar panel based on manufacturer data.
Black model used as likely to be less visually intrusive.

Solar thermal: evacuated Evacuated tube solar collector sized to provide 60% of
tubes hot water demand

GSHP: flat or borehole Generic ground source heat pump based on Design
collector with underfloor Builder template and taking into account the peak heat
heating load calculated by the model for each case. Underfloor

heating is applied downstairs and low temperature
radiators upstairs. DHW is provided separately.

ASHP: high temperature with Generic air source heat pump based on Design Builder

radiators template using the existing boiler as back up for the
ASHP. Coefficient of performance (CoP) of 2.8. Heat
pump provides heat to radiators at 50°C.

Other retrofit measures

EE lighting: LED bulbs Replacing all non-LED bulbs
Thick wall hangings Applied to one external wall in main and secondary
living spaces.

Smart heating controls: Wi-Fi Temperature set points of individual rooms are

controlled room thermostat  adjusted, based on each case study's reported
thermostatic radiator valve settings from the energy
diaries.

Draught proofing A 20% percentage reduction in whole house infiltration
is assumed, based on the literature and expert interview
with Cumbrian airtightness expert

Heating setting adjustments which do not require any additional products

Bedroom heating All bedrooms set to unheated areas for applicable
cases

Holiday heating Heating during holiday periods set to off for applicable
cases

Reduce temperatures Temperature set points in all rooms reduced by 2°C in

0.5°C increments

Note: Retrofit is likely to reduce infiltration rates and as a result additional ventilation
strategies may be required in some instances. This has not been considered in this
modelling as the cases have high initial levels of infiltration and moreover, residents
appeared to be actively managing their ventilation strategies.




Page 262 Reducing carbon - retaining heritage

The average annual operational energy and carbon saving of each measure
across the case studies was calculated (Table 8.3). The predicted
operational results for individual case studies can be found in Appendix M.
The average results within the different categories of measures i.e., loft
insulation, are colour coded to show the greatest (green) savings, second
(orange) and third (light orange) greatest savings where applicable, and
lowest (black) savings. If a measure fails to make savings, it is colour coded

red.

In operational terms, the standard insulation materials are predicted to make
the greatest average savings for all insulation types except loft insulation.
However, the difference between natural, standard, and technical materials
is small. For window replacement low emissive triple glazing is predicted to
make significantly greater average savings than double glazing, and a
hardwood frame leads to slightly larger savings than a UPVC frame.
Secondary glazing appears to make comparable savings to double glazing
and has the greatest predicted savings of the window additions, followed by
shutters. Comparing biomass boilers with energy efficient boilers shows that
energy efficient boilers make greater energy savings, while biomass boilers
lead to a much greater reduction in carbon emissions because current fossil
fuels are swapped for wood pellets with much lower emissions. This shows
the importance of considering both the energy and carbon impact of

measures.

Different measures provide the greatest carbon reduction for different case
studies, depending on their form, construction, and usage. For example,
most of the case studies have relatively modern and high efficiency boilers
and improving the efficiency of the boiler from 89% to 91% has very limited
carbon savings (around 0.8% or 20kg/CO2e/y). CS1 however has a 40-year-
old oil boiler that is only 65% efficient and replacement by a 92% efficient oil
boiler is predicted to reduce carbon emissions by 42% (just under
4.4t/CO2ely). Loft and ceiling insulation also has a varied impact (0.2-
543kg/CO2ely); dependant on how much insulation is already present in roof
spaces. Six of the case studies (CS2, CS3, CS7, CS11, CS14, CS15) are
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predicted to accrue greater carbon savings from window alterations such as
secondary glazing or shutters, than they do from replacement with double or
triple glazing with low emissive coatings, as the latter reduce daylight and

consequently increase the electricity demand for lighting.

Table 8.3: Average, maximum and minimum annual operational energy and
carbon savings across case studies

Retrofit measures Carbon savings (kgCO2e) Energy savings (kWh)

Average Min Max Average Min Max

Loft insulation: for cold roofs

Natural material: 2.1 523 9 2,111
Cosywool
Standard material: 85.2 2.1 516 389.5 9 2,081
Supersoft
Technical material: 89.3 2.3 543 408.9 10 2,190
Ultrawool

Ceiling insulation: for warm roofs

Natural: Gutex 0.5 235 3 1,286
thermoflex

Standard: Knauf 97.3 0.2 238 550.6 1 1,300
rocksilk

Technical: Aerogel 75.1 0.4 172 422.4 2 936
Heritage: Diathonite 1.1 177 70 966

Internal wall insulation

Natural: Gutex 917.6 10 2,633 4,539 634 10,625
thermoroom

Standard: Knauf 953.4 10 2,735 4,718 656 11,037
omnifit

Technical: Aerogel 10 2,675 644 10,794
Heritage: Diathonite 862 9 2,499 4,133 609 10,086

External wall insulation

Natural: Gutex 7.3 3,222 482 13,001
multitherm

Standard: Knauf 1,127 7.4 3,297 5,535 492 13,303
rocksilk

Technical: Isohemp 987 6.6 2,919 4,851 436 11,779
blocks

Solid ground floor insulation* (see notes at end of table)

Natural: Geocell -46 2,745 -252 11,079
foamglass
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Retrofit measures Carbon savings (kgCO2e) Energy savings (kWh)
Average Min Max Average Min Max
Standard: Kingspan 301.7 -29 2,678 1,296 -160 10,807
Kooltherm
Technical: aerogel 249.7 -27 2,420 1,056 -150 9,766

bonded chipboard

Suspended ground floor insulation* (see notes at end of table)

Natural: Thermofloc -25.6 -320 53 -75.4 -1,293 290
Standard: Knauf -322 54 -1,299 297
omnifit

Technical: Aerogel -25.4 -236 22 -76.1 -854 120

bonded to chipboard

Window replacement

Low e double glazed, -0.4 285 85 1,559
hardwood frames

Low e double glazed, 113.7 -0.5 279 608.9 82 1,533
UPVC frames

Low e triple glazed, 141 -20 361 754.8 -83 1,982
hardwood frames

Low e triple glazed, -26 355 -107 1,947
UPVC frames

Window additions

Curtains 30 0.1 67 153.7 5 368
Interior shutters 0.9 149 74 811
Secondary glazing 108.4 1.1 268 566.9 33 1,462

Heating systems and renewable technologies

EE boiler 1,213 20 4,391 4,925 107 17,719
Biomass pellet boiler 3,357 73 9,035 1,437 -1,248 16,568
Solar PV: Maxeon 3 159.5** 43 361 679.5** 79 1,567
black

Solar thermal: 558.5 16.2 3,195 1,770 94 5,502
evacuated tubes

GSHP: flat or borehole 2,082 -122 7,896 11,620 4,259 31,437

collector with
underfloor heating

ASHP: high 1,534 -295 7,585 9,609 3,513 30,091
temperature with
radiators

Other retrofit measures

EE lighting: LED 57.3 1 202 186.8 8 679
bulbs
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Retrofit measures

Carbon savings (kgCO2e)

Energy savings (kWh)

Average Min Max Average Min Max
Thick wall hangings 40.7 -16 132 208.7 -88 719
Smart heating 828.5 105 3,335 3,131 573 5,760
controls: Wi-Fi
controlled room
thermostat
Draught proofing 96.1 0.9 196 489.1 60 1,047

Heating setting adjustments

Bedroom heating 455.2 128 1,150 2,255 698 4,974
Holiday heating 60.3 25 107 287.3 127 462
Heat reduction 0.5°C  276.3 5.5 903 1,293 363 3,645
Heat reduction 1°C 11 1,742 711 7,030
Heat reduction 1.5°C 16 2,527 1,057 10,197
Heat reduction 2°C 979.2 20 3,261 4,821 1,339 13,160

*Note Floor Insulation: There were some challenges with modelling floor insulation.
Solid floor insulation increased energy demand for four of the case studies (CS3, CS5,
CS11, CS14). This was also the case for the suspended floor insulation for the two cases
(CS1, CS5) whose suspended floors were directly over the ground rather than above an
unheated cellar. This appears to be related to how the software modelled heat exchange
with the ground, but it was not possible to identify the exact fault and correct it. The
average savings from floor insulation are therefore very likely to be underestimated in the
modelling

**Note Solar PV: Solar PV savings assume that 25% of generated energy is used on site
unless this is greater than the building’s electricity demand, in which case 25% of this
demand is assumed to be met. Average UK figures for onsite use of PV generation are
15-25%, with higher figures if residents, such as the case study participants, are generally
at home in the day (The Energy Saving Trust, 2021).

The average annual percentage energy and carbon savings predicted to be
made by each retrofit measure was also calculated (Table 8.4). The average
savings for all materials for roof, floor, and internal and external wall
insulation are combined to save space in this table because they make very
similar savings with differences between 0.1%-2%. CS11 is excluded from
this the average across the case studies because of the uncertainty in the
modelling of their wood burning stove (the results for each case study can be
found in Appendix M).

A biomass pellet boiler is predicted to make the largest carbon savings

(72%) for the retrofit measures modelled but makes no reduction in energy
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demand. Ground source heat pumps in contrast make the largest average
energy savings (47%) and the second highest carbon savings (35%),
although these heat pumps are based on a generic template and more
detailed analysis of ground temperatures would be necessary to refine the
GSHP modelling. Air source heat pumps make the second highest energy
saving (39%) and carbon savings (31%) and could provide greater savings if
they were designed as part of a lower temperature heating system. This
however would require greater changes to current heating systems, and
therefore increased disruption and embodied carbon, than has been
assumed for this modelling.

External wall insulation is predicted to make slightly greater savings for both
energy (26%) and carbon (25%) than internal wall insulation (23% and 22%
respectively). Heating system alterations and wall insulation provide the
greatest average energy and carbon savings. The next most effective
measures and the only others predicted to make average savings in double
figures are heating system adjustments; reducing heating temperatures by 1-
2°C (12-21% carbon savings), making use of smart controls (13% carbon),
and not heating bedrooms (12% carbon). Solar thermal panels have a higher
level of carbon reduction (10%) than solar PV panels (4%), they will also
generally have a much lower financial cost. Solar PV panels however also
provide electricity to be exported, thus contributing to national grid

decarbonisation.

The replacement of windows appears to make only limited reductions in
energy and carbon of between 2.9-3.3%. This may be partially because
many participants already make use of traditional window additions such as
shutters and curtains or have secondary glazing. Window additions and
replacement may have an effect on comfort, disproportionate to their energy
and carbon saving potential, as they can prevent draughts and reduce heat
loss from residents’ bodies to the cold glass, thus improving comfort. This is
also the case with wall hangings, which only have a limited 1% average
saving for energy and carbon. This highlights the importance of considering

retrofits holistically and not just in terms of their predicted technical impact.
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Table 8.4: Average operational energy and carbon percentage savings
across all case studies (excluding CS11), arranged in order of greatest

average carbon savings

Retrofit measure

Average energy Average carbon saving

saving
Biomass boiler -4.4%" 71.6%
Ground source HP 47.2% 34.9%
Air source HP 39% 31.1%
External wall insulation 25.9% 25.2%
Internal wall insulation 22.7% 22.2%
Heating reduction: 2°C 21.9% 21.2%
Heating reduction: 1.5°C 16.9% 16.5%
EE boiler 13.4% 13.5%
Smart controls 13.1% 12.9%
No heated bedrooms 12.3% 12%
Heating reduction: 1°C 11.5% 11.2%
Solar thermal 8.5% 9.6%
Heating reduction: 0.5°C 5.9% 5.7%
Solid floor insulation 4.3% 4.2%
Solar PV 3.3% 3.7%
Window replacement: Triple Wood  3.5% 3.3%
Window replacement: Triple UPVC  3.3% 3.2%
Window additions: Secondary 3.3% 3.2%
Window replacement: Double wood 3.1% 2.9%
Window Replacement: Double 3.1% 2.9%
UPVC
Ceiling insulation 2.8% 2.6%
Draught proofing 2.4% 2.3%
Heating off when away 2.1% 2%
Windows additions: Shutters 2% 2%
EE lighting 1% 1.5%
Roof insulation 1.2% 1.2%
Wall hangings 0.9% 0.9%
Window additions: Curtains 0.7% 0.7%

Suspended floor insulation

0%

0%

*Note: The negative average energy value for the biomass boiler is because it is slightly
less efficient that some of the cases’ current gas boilers, thus leading to slight greater

energy use.

Heating system improvements therefore appear to lead to the greatest

operational carbon reductions, although the effect of measures varied across

cases. Further details of the operational impact of each retrofit measure over

the 50-year LCA lifespan are included in section 8.5 However, before this,

the embodied impact of the retrofit measures is considered.
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8.4 Embodied carbon of retrofit measures

The embodied carbon of the retrofit measures was calculated using data
from EPDs and the software OneClickLCA (as described in Chapter Three
and Appendix J). Only embodied carbon was calculated as this data was
more readily available for all retrofit measures than information on embodied
energy, especially in relation to transport and end of life impacts. A total of 52
materials were analysed, consisting of the 40 retrofit measures and any

additional materials required for their installation.

The initial embodied carbon (A1-A3) for each of the retrofit measures and the
key supporting materials was calculated (Table 8.5). This includes the
extraction of raw materials, transport and manufacture, often termed cradle
to factory gate. The biogenic carbon storage potential for these measures is
also shown and the final column shows the effect if biogenic storage were
included in the overall A1-A3 impact. For some natural materials such as
Gutex wood fibre insulation or Isohemp EWI insulation, the inclusion of
biogenic carbon storage would mean that a measure would have positive
initial embodied carbon. This biogenic carbon would be re-released at the
end of a building’s life, but the storage effect could still have a positive impact
on current carbon emissions, especially if measures were long lasting. This
would also have the effect of smoothing out the initial carbon emissions
associated with the retrofit. The majority of the embodied emissions come
from the initial manufacture, transport and installation life stages, while the

operational savings are spread over the fifty-year period.

The number of replacements required for each measure over the 50-year
lifespan is also shown, most of the insulation materials will last for longer
than the 50-year assessment period. Manufacturer’s data for lifespans has
been used because data on actual lifespans is limited. This may mean that
lifespans are overoptimistic for some materials compared with their real-

world performance. The initial carbon for additional materials required as part
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of the retrofit process is also shown, such as lime render for external wall

insulation or curtain poles.

While the standard insulation measures were predicted to make the greatest
operational carbon savings, the natural and technical insulation generally has
lower initial embodied costs, except for floor insulation where the technical
aerogel has the lowest initial emissions but the embodied carbon of the
chipboard that it is bonded to raises the carbon for the complete measure
above that of the standard Kingspan insulation panel. If biogenic storage is
considered however, the aerogel has lower emissions and most of the

natural insulation materials also have significant carbon storage potential.

Window replacements with hardwood frames have initial embodied carbon
40-55% lower than window replacements with UPVC frames while they also
have better operational performance. As would be expected, the double
glazing also has lower embodied carbon than the triple glazing. For the
GSHPs, flat collectors were modelled for cases which had sufficient outdoor
space and borehole collectors were modelled for cases with less space. The
flat collector (366kg/COz2 per unit) has much lower embodied carbon than the
borehole collector (1426kgCO:2 per unit). The three heating setting
adjustment measures are not included in this table because they have no

embodied emissions.

Table 8.5: Initial (A1-A3) embodied carbon of retrofit measures independent
of case studies, the effect of biogenic carbon is also shown

Retrofit measures and Thickness Initial A1-A3 Initial Replace- Initial

supporting materials (mm) embodied A1-A3 ments in A1-A3
carbon per biogenic 50-year embodied
m2 (kgCO2e) carbon lifespan including

per m2 biogenic
kgCO2e (kgCO2e)
Loft insulation: for cold roofs
Natural material: Average  2.36 0 0.16
Cosywool 100!
Standard material: Average N/A 0 2.88
Supersoft 100!
Technical material: Average  3.97 3.4 0

Ultrawool 1001
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Retrofit measures and Thickness Initial A1-A3 Initial Replace- Initial
supporting materials (mm) embodied A1-A3 ments in A1-A3
carbon per biogenic 50-year embodied
m2 (kgCO2e) carbon lifespan including
per m2 biogenic
kgCO2e (kgCO2e)
Ceiling insulation: for warm roofs
Natural: Gutex 150 13.1 0 -8.68
thermoflex
Standard: Knauf rocksilk 150 N/A 0
Technical: Aerogel 20 0.246 N/A 0
Heritage: Diathonite 50 15.15 0.001 0 15.15
Lime plaster (also used for 12.5 0.568 N/A 0 0.568
IWI)2
Plasterboard (also used for 12.5 1.89 N/A 0 1.89

IWI)2

Internal wall insulation

Natural: Gutex 50 11.32 0 -7.65
thermoroom

Standard: Knauf omnifit 50 N/A 0

Technical: Aerogel 20 0.246 N/A 0

Heritage: Diathonite 50 15.15 0.001 0 15.72
Wooden studwork for 46 2.31 2.75 0 -0.44

plasterboard

External wall insulation

Natural: Gutex 100 7.91 24.38 0 -16.47
multitherm

Standard: Knauf rocksilk 100 17.3 1.27 0 16.03
Technical: Isohemp 120 0

blocks

Lime render 16 8.97 N/A 13 8.97

Solid ground floor insulation*

Natural: Geocell 300 18.46 0.096 0 18.45
foamglass (with 85mm

lime floor screed)

Lime floor screed 85 12.71 N/A 0 12.71
Standard: Kingspan 60 N/A 0

Kooltherm

Technical: aerogel 10 0.125 N/A 0 0.125
bonded to chipboard

Chipboard (also used for 12.5 16.33 12.5 0 3.83

suspended floor)

Suspended ground floor insulation*

Natural: Thermofloc

140 0.871 0.897

0

-0.03
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Retrofit measures and Thickness Initial A1-A3 Initial Replace- Initial
supporting materials (mm) embodied A1-A3 ments in A1-A3
carbon per biogenic 50-year embodied
m2 (kgCO2e) carbon lifespan including
per m2 biogenic
kgCO.e (kgCO-e)
Standard: Knauf omnifit 60 N/A 0
Technical: Aerogel 10 16.46 12.5 0 3.96

bonded to chipboard

Window replacement

Low e double glazed, N/A 79.5 N/A 0 79.5
hardwood frames
Low e double glazed, N/A N/A 0
UPVC frames
Low e triple glazed, N/A N/A 0
hardwood frames
Low e triple glazed, N/A 160 N/A 0 160
UPVC frames
Window additions
Curtains N/A 3 N/A 2
Curtain pole (20mm x per m 0.06 3.28 2 3.22
20mm also used for wall length
hangings & door curtains)
Interior shutters 22 0 -14.18
Secondary glazing N/A 50.49 N/A 1 50.49
Heating systems and renewable technologies
EE boiler Gas 1 unit 243.6 N/A 2 243.6
EE boiler Oil 1 unit N/A 2
Biomass pellet boiler 1 unit 1168 N/A 2 1168
EE/Bio boiler: radiator 1 unit 69.48 N/A 1 69.48
(CS2 and CS11) (also used
for ASHP)
EE/Bio boiler: water per m2 0.59 N/A 1 0.59
pipework (CS2 and CS11)
Solar PV: Maxeon 3 N/A 109.45 N/A 1 109.45
black
Solar PV: Inverter 1 unit 128 N/A 1 128
Solar thermal: evacuated N/A 109.6 N/A 2 109.6
tubes
Solar thermal: hot water 1 unit 358.5 N/A 2 358.5
tank
GSHP borehole collector 1 unit 10- 1426.4 N/A 2 1426.4
20kW
GSHP borehole collector 1 unit 10- 1209.2 N/A 0 1209.2

pipes 20kwW
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Retrofit measures and Thickness Initial A1-A3 Initial Replace- Initial
supporting materials (mm) embodied A1-A3 ments in A1-A3
carbon per biogenic 50-year embodied
m2 (kgCO2e) carbon lifespan including
per m2 biogenic
kgCO2e (kgCO2e)
GSHP flat collector 1unit10- 365.95 N/A 2 365.95
20kW
GSHP flat collector pipes 1unit10- 545.7 N/A 0 545.7
20kW
GSHP underfloor heating  N/A 22.32 N/A 1 22.32
ASHP: high temperature 1 unit 7- N/A 2
with radiators 14kW
Other retrofit measures
EE lighting: LED bulbs 1 bulb 2.4 N/A 4 2.4
Thick wall hangings 22 20.03 N/A 1 20.03
Smart heating controls: 1 unit 30.27 N/A 4 30.27
Wi-Fi room thermostat
Draught proofing: imin 0.161 N/A 1 0.161
window foam sealing length
strips
Draught proofing: base 1min 4.811 N/A 1 4.811
of door seals length
Draught proofing: imin 8.22 N/A 1 8.22
airtightness tape length
Draught proofing: Door  N/A 3.06 3.28 2 -0.22
curtains
Notes:

1 = Thickness varies depending on the case study as insulation is used to top up current
levels to 300mm.

2 = Lime plaster or plasterboard was used for different cases dependent on what was
already there.

3 = Although the insulation is not replaced in the 50-year period, one of the two coats of
lime render applied over it is replaced once at 30 years.

4 = For both types of floor insulation the existing floor covering is reapplied after
installation. A 15% wastage rate for the floor covering is assumed and new slate tiles,
carpet, or timber flooring to cover this wastage is calculated as appropriate.

The full embodied carbon of each retrofit measure and any necessary
supporting materials, including transport, installation, maintenance, and
replacement, was then calculated for each case study over a 50-year period
and the average, maximum and minimum values across the case studies
were identified (Table 8.6).
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The measures which were predicted to have the greatest operational carbon
savings, biomass boilers, GSHPS and external wall insulation can be seen to
also have some of the highest embodied carbon figures. Ground source heat
pumps have the highest average embodied carbon at 10.3t/COze, and ASHP
at 6.5t/COze, followed by solar PV panels at just under 5 tonnes, natural
geocell floor insulation (4.8t/CO2¢), biomass pellet boilers (4.3t/COze), triple
glazed UPVC windows (4.1t/CO2e), and technical Isohemp wall insulation
(3.8t/CO2e). The heat pumps, solar PV and biomass boilers in part have high
emissions because they are all required to be replaced twice within the
assessment period. The need to dispose of the old products and create,
transport, and install replacements thus raises their embodied carbon
significantly. For the ground and air source heat pumps, the refrigerant
emissions in the heat exchanger also lead to high B1 (use) and B2

(maintenance) emissions.

For insulation, the natural materials have the lowest average embodied
carbon for loft, external wall, and suspended floor insulation, while the
technical material has the lowest embodied carbon for ceiling insulation and
internal wall insulation and the standard material has the lowest emissions
for solid floor insulation. Secondary glazing made the greatest operational
savings of the window additions; however, it also has the highest embodied
emissions (average of 1.3t/CO2ze). These emissions are still significantly less
that the average embodied carbon of window replacement however (2.1-
4.1tCO2e). Solar PV and solar thermal panels have similar initial embodied
carbon (Table 8.5). A significantly greater area of solar PV collector is
required compared with solar thermal however, meaning that solar PV
(5t/CO2e) has much higher embodied carbon across the case studies than
solar thermal (2.9tCOze).

Measures that are likely to be more compatible with vernacular construction
such as natural, breathable materials, and those that are likely to have a
lower impact on residents’ heritage values such as window additions, wall
hangings (0.5t/CO:ze), and draught proofing (0.3t/CO2ze) appear likely to have

lower embodied carbon emissions than more substantial or technical
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measures. Some of these measures were predicted to make only limited
operational savings, although some, such as secondary glazing, had a
comparable impact to alternative measures (Table 8.4). The heating setting
adjustment measures had no embodied impact while they had significant
potential to make operational savings, highlighting the benefits of
encouraging participants to make behavioural changes as these will also
have no impact on heritage values. It therefore appears that measures that
are more suitable for vernacular buildings may also have low embodied

carbon.

Table 8.6: Average, maximum and minimum embodied carbon emissions of
retrofit measures over fifty-year lifespan across the case studies

Retrofit measures Average Embodied Embodied Average Biogenic Biogenic

embodied min max biogenic min max

carbon (kgCO2e)

(kgCO2e)

Loft insulation: for cold roofs

Natural material: 168.5 8 449 142.9 5 408
Cosywool
Standard material: 201.7 9 545 N/A N/A N/A
Supersoft
Technical material: 274.4 12 751 221.3 8 632
Ultrawool

Ceiling insulation: for warm roofs

Natural: Gutex 139.6 23 253 201.8 11 478
thermoflex
Standard: Knauf 25 336 N/A N/A N/A
rocksilk
Technical: Aerogel 60.8 11 124 23.6 0 53
Heritage: 640.5 522 759 0.35 0.3 0.4
Diathonite

Internal wall insulation
Natural: Gutex 146 1,089 1,242 215 2,196
thermoroom
Standard: Knauf 263.9 70.8 502.6 5.8 0 33
omnifit
Technical: Aerogel 210.6 58 438 5.8 0 33
Heritage: 2,115 424 3,958 4.8 35 11
Diathonite

External wall insulation
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Retrofit measures Average

Embodied Embodied Average Biogenic Biogenic

embodied min max biogenic min max
carbon (kgCO2e)
(kgCO-e)
Natural: Gutex 2,788 805 4,821 756 4,730
multitherm
Standard: Knauf 1,052 6,366 143.2 39 246
rocksilk
Technical: 3,827 1,092 6,668 3,059 843 5,298

Isohemp blocks

Solid ground floor insulation

Natural: Geocell 4,832 1,724 11,775 2.9 383
foamglass

Standard: 848.4 276 1,632 82.8 0 372
Kingspan

Kooltherm

Technical: aerogel 553 3,028 835.7 316 1,913

bonded chipboard

Suspended ground floor insulation

Natural: 455 152 792 48 224
Thermofloc

Standard: Knauf 161 840 N/A N/A N/A
omnifit

Technical: Aerogel 901.1 307 1,512 486.3 170 782

bonded to

chipboard

Window replacement
Low e double 2,163 887 4,460 N/A N/A N/A
glazed, hardwood
frames
Low e double 1,081 6,393 N/A N/A N/A
glazed, UPVC
frames
Low e triple glazed, 1,174 6,071 N/A N/A N/A
hardwood frames
Low e triple glazed, 4,114 1,394 8,344 N/A N/A N/A
UPVC frames

Window additions

Curtains 188.7 67 405 18 64
Interior shutters 85 508 566.5 151 1,139
Secondary glazing 1,298 151 3,273 N/A N/A N/A

Heating systems and

EE boiler 1,435

1,017

renewable technologies

1,819

N/A

N/A

N/A

Biomass pellet 4,336
boiler

3,795

5,889

N/A

N/A

N/A
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Retrofit measures Average Embodied Embodied Average Biogenic Biogenic

embodied min max biogenic min max

carbon (kgCO2e)

(kgCO-e)
Solar PV: Maxeon 4,982 1,007 11,954 N/A N/A N/A
3 black
Solar thermal: 2,865 1,772 4,798 N/A N/A N/A
evacuated tubes
GSHP: flat or 10,308 6,178 14,654 N/A N/A N/A
borehole collector
with underfloor
heating
ASHP: high 6,536 4,276 11,679 N/A N/A N/A
temperature with
radiators

Other retrofit measures

EE lighting: LED 108.5 0 309 N/A N/A N/A
bulbs
Thick wall 542.5 173 1,035 30.8 12 149
hangings
Smart heating 3,657 0 7,122 N/A N/A N/A
controls: Wi-Fi
controlled room
thermostat
Draught proofing 272.4 169 506 20.1 9 26

The measures with predicted high operational savings therefore also appear
to be amongst those with a high embodied carbon cost. It would appear that
measures that may be more heritage sensitive and compatible with

vernacular construction also generally have lower embodied carbon.

8.5 Lifecycle carbon of retrofit measures

Having identified the predicted annual operational savings using the Design
Builder models and the initial and overall embodied carbon costs, it was
possible to calculate the lifecycle carbon of the retrofit measures over the 50-
year assessment period. The embodied carbon over fifty years includes any
necessary replacements during this period for measures with shorter
lifespans. The future decarbonisation of the electricity grid was taken into
account when calculating the operational carbon savings over fifty years,

using government decarbonisation predictions (BEIS 2020c) as described in
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section 3.5. The embodied carbon without biogenic carbon, separate
biogenic carbon, operational carbon, and lifecycle carbon of all measures for
each case study are shown and discussed below (Table 8.7-8.23). The
measures in each table have comparative colour coding as above. Embodied
costs and biogenic storage are shown as positive numbers while operational
savings and lifecycle savings are shown as negative numbers because they

(nearly always) result in overall carbon reductions.

For loft insulation it can be seen that the technical material makes the
greatest saving for five of the cases and the natural material for four (

Table 8.7). There is only a limited difference between the different materials
however. Loft insulation makes the greatest difference for CS1, who has the
lowest current insulation levels and an inefficient heating system which
means that any improvements save a large amount of absolute carbon. For
CS2 in contrast, who already have significant loft insulation, the embodied
costs outweigh the carbon savings, meaning that additional loft insulation
would actually increase lifecycle carbon for this case. CS11, CS12 and CS13
do not have cold roofs so this measure is not applicable to them.



Page 278 Reducing carbon - retaining heritage

Table 8.7: Loft insulation lifecycle carbon savings for each case over 50-
years

Only five cases currently have uninsulated warm roofs where ceiling
insulation is applicable, these are over kitchens (CS5, CS8), for the main
house (CS11 and CS14) and for an uninsulated bay window (CS9) (Table
8.8). Ceiling insulation makes the greatest difference for CS14 over their
kitchen and upstairs landing and could also have a role in reducing the
overheating of the landing roof as they are the only case that identified
discomfort in summer. The natural insulation is better for both CS8 and CS14
while the standard insulation makes greater savings for CS5. Insulation to
CS9’s bay window does not make a useful difference while insulation for
CS11’s main roof increases, rather than reduces lifecycle carbon. This result
is likely to be influenced by the fact that they do not heat their first floor,

meaning the insulation has a limited effect.
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Table 8.8: Ceiling insulation lifecycle carbon savings for each case over 50-years

For internal wall insulation the standard mineral wool makes the greatest lifecycle savings for 11 of the 13 case studies while
aerogel makes the greatest savings for CS7 and CS11 (Table 8.9). However if the biogenic carbon storage were included in the
embodied carbon, then the natural wood fibre insulation would make the greatest lifecycle savings for all cases. Internal wall

insulation is one of only two measures, the other being Solar PV, that make lifecycle savings for CS11. The remaining measures all
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increase their lifecycle emissions because their operational carbon emissions are so low to begin with that any savings do not
outweigh the embodied costs. The heritage material, dithionite cork lime plaster does make lifecycle savings for all of the cases
except CS11, but these are clearly lower than the other materials. However, it may be more suitable for some cases because the
lime would follow the current contours of the walls better than more solid insulation materials, thus potentially retaining greater
character. The aerogel insulation, meanwhile, being only 20mm thick, might be suitable for those cases concerned about space
loss (CS2, CS5, CS9, CS12).

Table 8.9: Internal wall insulation lifecycle carbon savings for each case over 50-years
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The external wall insulation can be seen to make greater savings than the internal wall insulation, which would be expected given
that the external insulation is twice as thick (100-120mm rather than 20-50mm) (Table 8.10). The standard and natural materials
each make the greatest savings for six of the case studies, while all EWI materials increase the lifecycle carbon for CS11. The
difference between the two materials is quite small over fifty years (300-2,000kgCOze) but if biogenic storage were included then
the natural material would lead to the greatest savings for all cases and would even make a small carbon saving (365kgCO:e) for
CS11. The majority of the cases (CS1, CS2, CS3, CS5, CS9, CS11, CS13, CS15) have bare stone facades however and are
unlikely to find EWI acceptable.
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Table 8.10: External wall insulation lifecycle carbon savings for each case over 50-years

Solid floor insulation made lifecycle carbon savings for seven of the case studies (Table 8.11), although this was influenced by the
simulation errors for the operational modelling. Nonetheless the natural material had greater embodied emissions because it

involved the replacement of the whole floor, while the standard and technical measures installed the insulation above the subfloor
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surface. Solid floor insulation made the greatest difference for CS1 and CS12 because they both have partial underfloor heating
with limited insulation; improving the insulation therefore increased the efficiency of this system. The standard insulation had the
greatest savings for most of the cases.

Table 8.11: Solid floor insulation lifecycle carbon savings for each case over 50-years
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Suspended floor insulation made limited savings for those cases who had
suspended floors over unheated cellars (Table 8.12). Savings are much
lower than those for solid floors, which generally make up a larger area of
participants’ homes. Challenges with the operational modelling invalidated
the results for CS1 and CS5. Meanwhile the technical aerogel failed to make
savings for CS9, CS14 and CS15 because the embodied carbon outweighed
the operational savings. The natural and standard insulation materials made
very similar lifecycle savings for this measure and also had similar embodied
carbon. However the natural material is likely to be more compatible with the
construction of vernacular buildings and also makes use of recycled

materials, which is compatible with circular economy principles.

Table 8.12: Suspended floor insulation lifecycle carbon savings for each
case over 50-years

Window additions can be seen to make greater lifecycle savings than
window replacements for seven of the 13 case studies (Table 8.13 and Table
8.14). In fact, from a lifecycle perspective, all four window replacement
options actually increased lifecycle carbon for three of the cases (CS2, CS7,
CS11), although window additions also increased lifecycle carbon for CS11.
If biogenic carbon were considered then shutters would provide greater

savings than secondary glazing for CS8 and CS15, as well as making a
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small lifecycle saving for CS11. The timber framed window replacements
would also have a biogenic storage value, but this data was not available for

the window replacement products.

Triple glazed timber framed windows make the greatest savings for nine of
the 13 cases when only the window replacements are considered, while
double glazed timber framed windows make the greatest savings for CS15.
The UPVC windows have higher embodied carbon and lower operational
performance across both window types leading to lower lifecycle savings
than the timber framed windows. Therefore, in addition to their adverse
heritage impact, UPVC windows should not be preferred for their energy or

carbon lifecycle performance.

Table 8.13: Window replacement lifecycle carbon savings for each case over
50-years

For window additions, shutters provide greater lifecycle savings for six of the
cases (CS1, CS2, CS5, CS6, CS7, CS12), and secondary glazing for six
cases (CS3, CS8, CS9, CS13, CS14, CS15). The level of overall savings is
quite varied as it is affected by the current window types and orientations of
the buildings as well as the wall to window ratio. Both CS2 and CS3 for

example, have single glazed windows, but CS3 has a much higher
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proportion of glazing than CS2, resulting in greater lifecycle savings from

window additions.

Table 8.14: Window additions lifecycle carbon savings for each case over
50-years

Biomass boilers make much greater carbon savings than EE boiler
replacement because of the difference in operational fuel emissions (Table
8.15). The level of savings for biomass are lower for CS2, who currently use
electric heating, because of grid decarbonisation. Biomass boilers make
slightly greater lifecycle carbon savings than air or ground source heat
pumps for all cases (Table 8.16). As seen from the operational modelling
however, ASHPs and GSHPs are likely to make much greater energy
savings than biomass, which will reduce energy costs to residents and may
make measures more financially viable, as well as reducing overall national
energy demand. GSHPs make the greatest savings for eight of the cases
(CS1, CS3, CS5, CS6, CS7, CS8, CS9, S12) while ASHPs make the
greatest savings for CS2, CS13, CS14 and CS15. None of these measures
make lifecycle savings for CS11 and replacing existing boilers with only
slightly more efficient boilers does not make lifecycle savings for CS12 and
CS14.
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Table 8.15: EE and biomass boiler lifecycle carbon savings for each case
over 50-years

Table 8.16: Air and ground source heat pump lifecycle carbon savings for
each case over 50-years
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The effect of grid decarbonisation can also be seen in the results for solar PV
compared with solar thermal panels (Table 8.17). Solar thermal panels make
greater lifecycle savings for 10 of the 13 cases, even though these solar PV
figures include electricity exported to the grid. The solar thermal panels make
significant savings for most cases because they replace energy from gas or
oil which have high carbon emissions. If cases were to switch to lower
carbon fuels, solar thermal panels would lead to less carbon savings. Solar
PV, along with IWI are the only measures to make lifecycle savings for CS11
and even then, the solar PV savings are small over 50 years (38.4kgCQOzely).

Table 8.17: Solar PV and solar thermal lifecycle carbon savings for each
case over 50-years

The LCA showed that replacing existing lighting with LEDs would use more
carbon than leaving the existing lighting (Table 8.18). Even CS7, who
already have all LED bulbs and were only modelled as having a behavioural
change of not leaving lights on when there was sufficient daylight, had

increased lifecycle carbon. The inclusion of grid decarbonisation contributed
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to the poor lifecycle performance of LED lightbulbs. This is because LED
lights produce less heat and therefore slightly increase the use of fossil fuel
heating systems, despite reducing electricity for lighting. As electricity
decarbonises, the carbon from the electricity savings reduces, while the
carbon increase from the heating remains the same. If the case studies used
low carbon heating such as CS11, then the LED bulbs would be more likely
to make operational savings over time. As a test, replacing the same number
of existing bulbs with CFLs was also modelled, and based on manufacturer
data, the CFLs were considered to be replaced twice as often as LEDs. This
has no operational difference because the current bulbs are CFLs. It can be
seen however that the LEDs have much higher embodied carbon than the
CFLs. It would therefore appear that replacing working bulbs with LEDs is
not a current carbon saving measure for the examined dwellings from a

lifecycle perspective.

Table 8.18: LED lifecycle carbon savings for each case over 50-years

Wall hangings made limited lifecycle savings for 10 of the 13 cases (Table

8.19). Operational savings for CS11 and CS12 were outweighed by the
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embodied costs. The wall hangings for CS9 were modelled in their cellar
living room and failed to make operational savings in the simulation. As with
the floor insulation this is likely to relate to an error in the ground definition.
This measure may make only limited carbon savings but might have a
positive effect on residents’ comfort which is not visible in the modelling. This
is also true of the draught proofing which made larger but still modest carbon

savings for all of the cases except CS11 (Table 8.20).

Table 8.19: Wall hanging lifecycle carbon savings for each case over 50-
years
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Table 8.20: Draught proofing lifecycle carbon savings for each case over 50-
years

The smart heating controls made lifecycle savings for all the applicable case
studies (Table 8.21), having the greatest savings for CS15, CS7 and CS6
who have the largest buildings amongst the cases and for whom separately
controllable rooms have the most impact. The controls have significant
embodied carbon because one control unit is modelled for each room. Data
was not available for a more efficient system so it may be that the embodied
carbon figures presented here are higher than they would be in reality for this

measure.
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Table 8.21: Smart heating controls lifecycle carbon savings for each case
over 50-years

The adjustments to heating settings had the potential to make significant
lifecycle carbon savings, particularly reducing heating set points (Table 8.22),
although no bedroom heating also made significant savings for some cases
(Table 8.23). This is partly because they have no embodied carbon cost. For
heating temperature reduction, clearly greater reductions lead to greater
lifecycle savings. These measures also make lifecycle reductions for CS11.
Unlike some other measures, these changes would also save related
amounts of energy as well as carbon, thus reducing fuel bills. Based on
participants’ comments, if other measures which increase comfort could be

installed, heating setting adjustments could potentially be acceptable.
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Table 8.22: Heating set point reduction lifecycle carbon savings for each
case over 50-years

Table 8.23: No bedroom and no holiday heating lifecycle carbon savings for
each case over 50-years

The average lifecycle savings across the case studies were also calculated

and ordered by the greatest savings (Table 8.24). The four measures that
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make the greatest average savings are all heating system replacements,
followed by wall insulation and heating reduction. Only the biomass boiler,
GSHP, ASHP and EE boiler make average reductions resulting in more than
a tonne of carbon saved each year over fifty years. The difference in the
savings that measures make for individual case studies is very varied, from

increasing the lifecycle carbon to making substantial reductions.

Solar thermal panels, on average, made significantly greater savings than
solar PV. Timber window replacements make average savings greater than
windows additions, while shutters and secondary glazing make greater
savings than the UPVC window replacements. As seen above however, the
most effective measure varied for individual cases. LED bulbs and all
suspended floor insulation materials are the only changes that on average
increase lifecycle carbon. The suspended floor insulation is affected by the

operational modelling challenges for CS1 and CS5’s suspended floors.

Table 8.24: Average, maximum and minimum lifecycle carbon savings for
measures across cases in order of greatest savings

Retrofit measure Average Life min Life max

lifecycle

carbon
Biomass pellet boiler -154,771 3,173 -447,776
GSHP -146,034 5,447 -445,119
ASHP: high temperature with radiators -144,931 5,057 -443,990
EE boiler -59,195 161 -217,731
EWI standard: Knauf -47,605 68 -160,307
EWI natural: Gutex -47,276 440 -157,641
Reduce heating: 2°C -45,770 -1,015 -162,933
IWI standard: Knauf -42,794 -427 -136,402
IWI technical: Aerogel -41,996 -442 -133,468
EWI technical: Isohemp blocks -41,183 762 -141,268
IWI natural: Gutex -40,807 -313 -130,804
IWI heritage: Diathonite -35,561 188 -122,284
Reduce heating: 1.5°C -35,286 -800 -126,224
Smart heating controls: Wi-Fi room -34,772 0 -178,018

thermostat
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Retrofit measure Average Life min Life max
lifecycle
carbon
Reduce heating: 1°C -24,001 -540 -87,018
Solar thermal: evacuated tubes -22,436 1,530 -73,508
No heated bedrooms -17,434 -3,820 -36,014
Solid Floor insulation standard: Kingspan -14,029 1,744 -133,505
Reduce heating: 0.5°C -12,260 -275 -45,124
Solid Floor insulation technical: aerogel -10,677 2,418 -120,084
bonded chipboard
Solid floor insulation natural: Geocell -9,986 6,790 -134,055
Solar PV: Maxeon 3 black -5,139 -930 -15,426
Ceiling insulation standard: Knauf -4,697 261 -11,689
Ceiling insulation natural: Gutex -4,691 178 -11,628
Draught proofing -4,215 124 -9,528
Loft insulation technical: Ultrawool -4,170 69 -26,363
Loft insulation natural: Cosywool -4,155 19 -25,690
Loft insulation standard: Supersoft -4,043 23.2 -25,230
Window replacement: Low e triple glazed, -4,041 5,154 -14,313
hardwood frames
Ceiling insulation heritage: Diathonite -3,804 704 -8,311
Window replacement: Low e double glazed, -3,728 870 -11,429
hardwood frames
Ceiling insulation technical: Aerogel -3,671 23 -8,468
Window alterations: Secondary glazing -3,615 877 -10,075
Window alterations: Interior shutters -3,129 62 -7,018
Window replacement: Low e triple glazed, -2,868 6,784 -12,590
UPVC frames
Window replacement: Low e double glazed, -2,852 1,210 -9,890
UPVC frames
Thick wall hangings -1,369 1,171 -5,638
No holiday heating -1,275 -1,013 -1,575
Window alterations: Curtains -1,253 63 -3,162
EE lighting: LED bulbs 1,077 5,310 56
Suspended floor insulation natural: 1,747 16,424 -1,858
Thermofloc
Suspended floor insulation standard: Knauf 1,766 16,553 -1,860
Suspended floor insulation technical: 2,174 12,706 -593

Aerogel bonded to chipboard
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Another way of visualising the embodied costs of retrofit is by identifying how
many years of operational savings it will take to recover the embodied costs
of each measure and what percentage of the operational savings is required
to offset these embodied costs (Table 8.25). This calculation is equivalent to
the commonly used financial calculations of payback periods. CS11 was
excluded from this analysis as the vast majority of measures take longer than
fifty years for the operational savings to outweigh the embodied costs. The
averages for all materials for roof, floor, and internal and external wall
insulation are combined to save space (see the full embodied, operational
and lifecycle results for each insulation material above in Table 8.7, Table
8.8, Table 8.9, Table 8.10, Table 8.11, and Table 8.12).

It can be seen from this assessment that the overall contribution of the
embodied carbon costs to the lifecycle balance is the equivalent of 15 years,
or 31%, of the operational carbon savings over 50 years across all the retrofit
measures, except solid floor insulation which is excluded due to the error
previously identified in the operational modelling.

The embodied costs of IWI and biomass boilers are recovered the most
quickly (1 year and 3 years respectively) because they have medium
embodied costs but are predicted to lead to significant operational savings.
Meanwhile window replacements of triple glazing with UPVC (58 years,
117%) and wooden frames (50 years, 100%) do not make lifecycle savings
on average across the case studies as it takes longer than fifty years for the
operational savings to offset the embodied costs, although they do make
lifecycle savings for some individual cases. For both double and triple
glazing, the UPVC frames take 8-10 years longer to offset the embodied
carbon than the wooden framed equivalents because the UPVC has both
higher embodied costs and lower operational savings. Solar PV (26 years,
53%) also takes on average 15 years longer than solar thermal panels (11
years, 22%) for the operational savings to offset the embodied costs. For the
categories, window replacement (44 years) has the highest payback time,
followed, by energy system measures (13 years), insulation materials (12

years) and other retrofit measures (11 years). Window additions collectively
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have the shortest average payback time at 10 years, although shutters take

four years, curtains ten and secondary glazing 15 years.

Table 8.25 Average number of years of operational savings to recover the
embodied costs and average percentage of operational savings required to
offset embodied costs

Measures and categories Average across all cases excluding CS11

Years of operational % of operational savings
savings to cover the to offset embodied costs
embodied costs

Loft insulation 18 36%

Ceiling insulation 16 32%

Internal wall insulation 1 3%

External wall insulation 4 9%
Solid floor insulation 388 776%

Suspended floor insulation 39%

Window replacements

Double glazed wood frames 28 56%
Double glazed UPVC frames 38 76%
Triple glazed wood frames 50 100%
Triple glazed UPVC frames 58 117%
Curtains 10 20%
Shutters 5 10%
Secondary glazing 16 32%
EE Boiler 25 50%
Biomass boiler 3 6%
Solar PV 26 53%
Solar thermal 11 22%
GSHP! 7 14%
ASHP! 4 8%
EE lighting N/A because LEDs are not predicted to make
operational savings

Thick wall hangings 18 37%
Smart heating controls 9 18%
Draught proofing 4 8%

Averages for categories of measures
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Measures and categories Average across all cases excluding CS11

Years of operational % of operational savings
savings to cover the to offset embodied costs
embodied costs

Insulation materials 12 23%

(excluding solid floor

insulation)

Window replacements 44 87%
10 20%

Energy system measures 13 25%

Other retrofit measures 11 21%

Overall (excluding solid floor 15 31%

insulation)

Note: Due to grid decarbonisation, the operational savings will be higher in earlier
years. However for simplicity, in this calculation the total operational savings have been
divided evenly across the fifty assessment years.

1 Note that there is particular uncertainty in the operational modelling parameters for
GSHP and ASHP and more detailed modelling would be beneficial to increase the
confidence in the operational savings and therefore in these pay back times

Considering the percentages of operational savings required to offset the
embodied costs, it is clear that, if embodied carbon is neglected and only
operational carbon is calculated, the level of carbon reduction provided by
retrofit will be significantly overestimated. It is also important to identify the
embodied cost for each measure for each building so that lifecycle savings
can be ensured, and maximised, through effective measure and material
choices. It can therefore be seen that including embodied carbon and
calculating the lifecycle impact of retrofit is critical to making significant

carbon reductions.

8.6 Discussion

A detailed and dynamic modelling tool is required to provide a reasonable
representation of the case studies buildings and their residents’ behaviours.
Neither of the two standard UK policy modelling tools investigated had the
required capability to enable models to be developed that could be tailored to
individual behaviours and calibrated to actual energy use. There were still
issues with the Design Builder modelling around its lack of ability to model

anything other than direct electric heating, challenges modelling window
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shutters, and difficulties with floor insulation results for some case studies.
This model however provided a much better approximation of reality than the
other two tools investigated, despite the implicit uncertainties relating to the

assumptions required for the input data.

The operational modelling showed the importance of considering both
energy and carbon impacts in an assessment, with some measures
predicted to make greater carbon savings than they did energy savings and
vice a versa. This may also have an effect on residents’ experience of
comfort in their buildings and their ability to meet energy costs. Switching to
a low carbon heating system was found to make the greatest carbon
savings. However in some cases this had a limited effect on the amount of
energy used, thus failing to make the building more efficient and comfortable
or to provide cost savings for residents which could help recoup the financial
cost of retrofit measures. Measures that reduce both energy and carbon will

therefore have a more beneficial overall effect.

The embodied assessment showed that those measures with the greatest
predicted operational savings also appeared to be amongst those with the
greatest embodied costs. Some synergies were found between measures
with low embodied carbon and those with a limited heritage impact, such as
window additions rather than window replacements, and natural materials
more compatible with traditional construction. This supports other similar
research findings (Historic England, 2020; Curtis, 2010). The time factor of
emissions means that while operational savings are spread evenly over fifty
years, the majority of the embodied impacts (apart from replacement and
maintenance) take place at the beginning of the assessment period.
Because the window of opportunity to reduce global carbon emissions to
mitigate climate change is time limited, the embodied carbon emitted now is
in some ways more important than the operational savings beyond the next
20 years. Options with lower initial emissions may therefore be preferable,

even if they have slightly lower overall savings.
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Measures which include higher levels of biogenic carbon storage potential
may also be beneficial in this respect as they can be considered to
ameliorate the initial embodied emissions, offsetting them for the lifespan of
the measure, thus creating an emission time shift. If biogenic carbon is
considered for shutters for example, it in fact outweighs the embodied
emissions. Shutters may also be more acceptable to residents’ heritage
values and have reduced planning constraints for designated buildings when
comparted with window replacement, as well as being likely to have a

reduced financial cost.

Solar PV panels are more commonly installed than solar thermal however
this research suggest that solar thermal panels in fact make much greater
lifecycle carbon savings than solar PV if they are replacing or supplementing
a carbon intensive heating system. This demonstrates the importance of
considering context and of assessing the embodied and lifecycle carbon
impact of retrofit as well as their operational effects. This is particularly
critical because a number of measures failed to make lifecycle savings,
despite making operational savings, actually leading to increased lifecycle
carbon. Embodied carbon must therefore be calculated when retrofitting to
prevent the possibility of increasing, rather than reducing, carbon emissions

and thus placing climate targets in jeopardy.

The most effective measures were also found to vary when making a
lifecycle rather than merely operational assessment, and also varied
between cases. Most measures for example, failed to make lifecycle savings
for CS11 because their operational baseline is already so low. This is a result
of their extremely frugal energy behaviours, only heating one room of their
home for short periods each day, and their choice of a wood burning stove to
provide low carbon heating, which together lead to very low baseline
emissions of only 263kgCQOze per year. This highlights the importance of
understanding the specific energy demands of individual resident-building
cases when examining retrofit approaches, because -even if the heritage
acceptability of measures is excluded- on a technical level there are still very

few one-size-fits-all solutions.
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8.7 Conclusion

This chapter compared the performance of three energy modelling tools,
RASAP, SBEM, and Design Builder, assessing their functionality and
accuracy before choosing Design Builder to create detailed models of the
case study buildings and calibrating these as closely as possible with actual
energy use (RsQ2c). The predicted operational, embodied and lifecycle

carbon impact for 40 retrofit measures was then calculated (RsQ3a).

Heating system replacement, wall insulation and heating setting adjustments
were found to make the greatest average operational and lifecycle carbon
savings across the case studies, although the first two of these also had
some of the highest embodied emissions. The critical importance of
undertaking lifecycle assessment of retrofit measures to identify those which
fail to make lifecycle savings was emphasised by the results of this research.
The measures which made the greatest savings were found to vary across
the cases, emphasising the need to take account of individual behaviours
and energy demand. Potential synergies were highlighted between
measures which have low embodied carbon and those which might be more
compatible with vernacular construction and acceptable to residents’ heritage

values.

The EU has identified the need for retrofit which makes average energy and
carbon reductions of 60% for all buildings to meet climate goals (European
Commission, 2020). None of the individual retrofit measures examined were
predicted by the modelling to achieve this level of energy and carbon
reduction for the case study buildings, meaning that combinations of
measures are required. This chapter has also mainly considered the
technical potential of retrofit measures, giving little consideration to residents’
heritage values or other issues that influence their retrofit decisions. These
aspects must be considered if potential retrofits are to be enacted and

therefore produce savings in reality.
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Figure 8.2: CS11 and CS12



Chapter 9. Realistic Retrofit Packages

9.1 Introduction

The importance of examining the lifecycle carbon of individual retrofit
measures has been identified. However, these individual measures do not
make savings consistent with internationally identified climate goals,
meaning a combination of measures is required. For retrofitting to make
actual savings the likelihood of it being enacted in reality must also be
considered and this will be affected by residents’ heritage values and the

range of constraints they perceive to retrofitting.

This chapter models the potential carbon impact of five packages of retrofit
measures tailored to each of the case studies (RsQ3b) and considers the
acceptability of these packages to residents to form a picture of how realistic
they might be (RsQ3c). The results of the individual packages are identified,

and the impact of the packages is compared.

9.2 Package overview

Single measure retrofits will not provide the required levels of energy and
carbon savings and only assessing the technical potential of measures is not
enough to identify whether they might realistically be enacted by residents.
The acceptability of measures to residents’ heritage values, barriers such as
disruption and planning constraints, the likely compatibility of measures with
vernacular construction and residents’ behaviours, and the policy landscape,
all need to be considered as part of holistic retrofit approaches. Retrofit
measures also interact with each other in complex ways, so just considering
single measures does not allow conclusions to be drawn about how a
combination of measures might perform. Five packages and two sub
packages of retrofit measures (Figure 9.1) were therefore selected and
modelled in Design Builder for each of the cases, to provide an assessment
of their potential operational performance. The embodied carbon of these

packages was then calculated to obtain their lifecycle impact.
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The first package considered covers the measures recommended by the
EPC for each study to reach band C, based on the RASAP modelling
(Chapter Seven). This can be considered the current policy package as UK
targets call for all homes to reach at least EPC band C by 2035 (CCC, 2020).
The second and third packages consider the technically possible savings
that could be made from the retrofit combinations; package two combines the
measures predicted to make the greatest operational savings for each case
while package three combines those which make the greatest lifecycle
savings. Package four meanwhile takes a heritage sensitive approach,
combining only those measures that residents identified as acceptable to
their heritage values.

The final package, package 5, combines measures that are or might be
acceptable to residents’ heritage values, that are likely to be acceptable to
local planning policy, and which consider other constraints such as disruption
and compatibility with vernacular construction. This package therefore offers
a balance of some of the issues identified as affecting the likelihood of
retrofitting being enacted in reality. Two sub versions of this package are
also modelled, investigating the same measures but without heating setting
adjustments (P5a) or wall insulation (P5b) to see what difference these
changes make as they are some of the most likely to be unacceptable to
residents. The individual measures selected for each case study for each of

the five main packages are shown in Appendix N.
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Figure 9.1: Overview of retrofit packages

9.3 Package 1: Policy recommended

Package 1 models the combination of measures for each case study which
enables them to reach EPC band C and thus meet current UK policy targets
for residential buildings. The measures are selected using the EPC
recommendations which were generated by the RASAP modelling for each of
the case studies. No measures are modelled for CS9 and CS12 as they are
already rated band C. The EPC does not differentiate between internal and
external wall insulation; IWI has been assumed for designated buildings and
EWI for undesignated buildings. For insulation measures the standard
material has been modelled, and for window replacement, UPVC double
glazing. This package does not consider any heating system adjustments or

soft retrofits measures such as window additions or wall hangings.

These measures were modelled as a package for each case study in Design
Builder to provide an indication of the operational impact of these measures

and the embodied and lifecycle carbon of the package was calculated
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(Figure 9.2). The biogenic carbon storage was also calculated and, in
accordance with EN 15978 (BSlI, 2012, p. 28), the carbon savings from the
solar PV energy which was exported to the grid rather than being used on

site is reported separately from the main carbon figures (Table 9.1).

An average saving of 64.5tCO2e is made by this package, equating to just
over a tonne a year. Embodied carbon comes to 5.3% of the operational
carbon, varying between 0.5%-17.8% although for CS11 the figure is 567%
meaning that this package increases lifecycle costs for CS11. The majority of
the embodied carbon is emitted at the beginning of the package’s lifespan
while the operational savings are spread evenly over the fifty-year period. It
would therefore take an average of 4 years for the operational savings to
‘offset’ this embodied carbon and begin to make lifecycle savings (or 9 years
if CS11 is included).

Figure 9.2: Actual embodied, operational and lifecycle carbon savings for
retrofit Package 1: EPC C, for each case study
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Table 9.1: Package 1 carbon savings

Embodied Biogenic Operational Solar generation Lifecycle

tCO2e tCO2e tCO-e export tCOze tCO-e
CSi 3.2 -256.3 -253.1
CS2 1.2 -14.1 -12.9
CS3 0.4 -27.8 -27.3
CS5 6.4 -0.2 -87.1 -80.7
CS6 0.4 -79.1 -78.7
CS7 8.1 -0.2 -94.3 -86.2
CS8 9.3 -52.4 -2.6 -43
CS9
CS11 51 -0.1 -0.9 4.2
CS12
Cs13 1.1 -51.1 -50
CS14 3.9 -0.1 -48.3 -44.3
CS15 0.2 -38 -37.8

A significant number of the measures recommended by RASAP are
unacceptable to the case study participants and are therefore unlikely to be
enacted. These include solid wall insulation, which is recommended for 12 of
the 13 case studies and is generally unacceptable, as is window
replacement, which is recommended for 10 of the cases. The
recommendations and their acceptability to participants were summarised
(Figure 9.3). The total measures recommended for each case study are also
included in Figure 9.3 and the potential predicted EPC band for all cases is

shown, in several cases going beyond band C.

9.4 RASAP modelling of recommended measures

In addition to modelling the operational impact of Package 1 in Design
Builder as reported above, this package was also modelled in RASAP to
compare the different levels of predicted savings between the two models.
The RASAP model also shows the predicted savings if all recommendations
were installed which for example, would equate to band B (91) for CS1. The
baseline figures for RASAP and Design Builder, the impact of the Package 1
measures for RASAP and Design Builder, and the RASAP predicted impact
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of enacting all recommendations are compared (Table 9.2). Only the main
fuel (used for heating, DHW, and cooking) is compared because RASAP
does not include electricity plug loads.

The RASAP baseline overestimates energy and carbon for all of the case
study buildings compared with the Design Builder baseline. After modelling
the measures for improvement to band C, the energy demand predicted by
RASAP for six of the case studies (CS3, CS7, CS11, CS13, CS14, CS15)
was still higher than the Design Builder baseline. The RASAP carbon
emissions at band C were still higher than the actual emissions for all of the
cases except CS1. This inaccuracy leads to RASAP significantly
overestimating the average annual operational carbon savings that the
Package 1 retrofit measures would make (775kgCOze/y or 52.8%). Using
RASAP to inform retrofit would therefore lead to much lower than predicted

carbon savings for the case study buildings.

If all recommended retrofit measures, were enacted it can be seen that
RASAP’s predicted energy use after retrofit is still higher than the current
Design Builder baseline for four of the case studies (CS3, CS7, CS13,
CS15). This confirms the findings in Chapter Seven that RASAP is not
suitable as a tool to inform retrofit decision making or to accurately assess

building energy demand.
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Figure 9.3: EPC recommendations for each case study colour coded by acceptability to residents
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Table 9.2: Comparison of Design Builder and RASAP modelling to EPC band C
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9.5 Package 2: Operational technical potential

Package 2 considers the technical potential of retrofit measures, aiming to
combine measures to make the greatest operational savings. No
consideration is given to heritage impact or other constrains in this package.
It just selects the measures identified in Chapter Eight as predicted to make
the greatest operational carbon savings for each case. These include
changing heating systems to biomass boilers, using mainly standard
insulation materials and commonly selecting triple glazed window
replacement. Solar PV panels have been modelled for all cases as they
make greater operational savings than solar thermal if export energy is
included. Other measures which make operational savings are also

modelled. The list of measures for each case can be seen in Appendix N.

The average lifecycle saving for Package 2 is 150.4tCOze per case study
which equates to around three tonnes of carbon saving per year for each
case (Figure 9.4). The embodied carbon comes to an average of 14.4% of
the operational carbon (varying between 6.6%-19.4%). The average time to
payback the initial embodied carbon is nine years, excluding CS11 whose
payback time is 105 years, and which is the only case where the package

does not make lifecycle savings (Table 9.3).



Chapter 9 Page 313

Figure 9.4: Carbon savings for retrofit Package 2: Operational, for each case
study

Table 9.3: Package 2 carbon savings

Case Embodied Biogenic  Operational Solar Lifecycle
tCOze tCOze tCOze generation tCOze
export tCO.e
CS1 31.1 -0.9 -469.3 -21.5 -438.2
CS2 15.2 -0.2 -88.4 -7.5 -73.2
CS3 27.5 -0.5 -157.4 -3.4 -129.9
CS5 23.7 -0.6 -174.2 -5 -150.5
CS6 411 -0.8 -291 -6.6 -249.9
CS7 31.7 -1.3 -260.8 -11.1 -229.1
CS8 24.5 -0.4 -210.9 -2.6 -186.4
CS9 16.5 -0.3 -110.7 -0.8 -94.2
CS11 10.5 -0.5 -3.1 -2.1 7.4
CS12 11.7 -0.2 -85.3 -0.9 -73.6
CS13 28.3 -0.3 -173.6 -2.7 -145.3
CS14 23.7 -0.8 -122.1 2.2 -98.4

CS15 18 -0.3 -111.6 -2.9 -93.6
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9.6 Package 3: Lifecycle technical potential

Retrofit Package 3, like Package 2, considers the technical potential of
combining measures; in this package the measures with the greatest
lifecycle savings for each case are selected. Measures which fail to make
lifecycle savings are excluded. The measures with the greatest lifecycle
savings include heating system changes and solar panels, with four cases
receiving solar PV and nine solar thermal. Insulation measures include a
greater variety of material types, with six cases receiving natural materials for
wall insulation and six standard materials, while CS11 receives the technical
aerogel. Window improvement measures include triple glazing (CS1, CS6,
CS8, CS9, CS12, CS13), internal shutters (CS2, CS5, CS7), and secondary
glazing (CS3, CS14, CS15).

Package 3 makes average savings per building of 149.2tCO2e equating to
just under three tonnes per building per year (Figure 9.5 and Table 9.4).
Average embodied carbon is 12.3% (6.7-14.9%) of the operational carbon
and the average payback time for the embodied carbon is eight years. This
rises to 17 years if CS11 is included, as their payback time is 124 years,
meaning that, despite the individual measures making lifecycle savings for

CS11, in combination they increase lifecycle carbon.
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Figure 9.5: Carbon savings for Package 3: Lifecycle, for each case

Table 9.4: Package 3: carbon savings

Embodied Biogenic Operational Solar generation Lifecycle

tCO2e tCO2e tCOze export tCO.e tCOze
CSH 31 -0.9 -463.5 -432.5
CS2 12.6 2.4 -87.6 -3.4 -75
CS3 20.7 -3 -150.6 -129.9
CS5 21 -1 -147.2 -4.9 -126.2
CSs6 28.4 -1.2 -293.2 -264.8
Cs7 20.6 -5.7 -258.9 -238.3
CS8 22.8 -0.2 -177.9 -155.1
CS9 15.5 -0.1 -113.1 -97.6
Cs11 37 -1.5 -2.1 2.2
Cs12 12 -0.2 -84.3 -72.3
CS13 199 -3.3 -172.6 -152.7
CS14 18 -3.3 -121 -103
CS15 15.6 -3 -109.6 -94

9.7 Package 4: Acceptable measures

For Package 4 the measures acceptable to the residents of each case study

were combined, providing that these measures did not increase lifecycle
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carbon. These measures varied significantly between the different case
studies based on their heritage values (Chapter Five) but in general did not
include wall insulation or window replacement, although some window
additions were acceptable. For insulation where there was a choice between
materials, that with the best lifecycle performance was chosen. While all
participants found LED lighting acceptable this measure was excluded

because it failed to make lifecycle savings.

The average carbon saving for this package is 49.1tCQOze per case which
equates to savings of just under one tonne a year (Figure 9.6 and Table 9.5).
The embodied carbon is on average 17.7% of the operational carbon (1.4-
50%). The average time required to pay back the embodied carbon for this
package is 13 years (excluding CS11). For CS11 this package would take 55
years to pay back.

Figure 9.6: Carbon savings for retrofit Package 4: Acceptable, for each case
study



Chapter 9 Page 317

Table 9.5: Package 4 carbon savings

Embodied Biogenic Operational Solar generation Lifecycle

tCOz2e tCO-e tCOze export tCOze tCO-e
CS1 7.8 -1.8 -298 -290.2
CS2 12.4 -24.8 -6.4 -12.4
CS3 3.4 -8.4 -3.4 -5
CS5 10.9 -0.9 -42.8 -12 -31.9
CS6 1.3 -0.5 -91 -89.7
CS7 2.6 -0.2 -39.2 -36.6
CS8 2.8 -0.2 -30.5 -27.7
CS9 55 -0.2 -58.9 -53.4
CSsi1 1.1 -0.1 1
Cs12 0.7 -0.1 -17.4 -16.7
CS13 24 -0.7 -11.3 -8.9
CS14 93 -0.7 -60.4 -51.1
CS15 53 -20.3 -15

9.8 Package 5: Balanced measures

Package five selects measures for each case that take technical aspects,
planning and practical constraints, and residents’ heritage values into
account, to create a balance between a range of, sometimes conflicting,

priorities. Only measures that reduced lifecycle carbon were included.

Planning constraints were considered for wall insulation and visible solar
panels for designated buildings. IWI rather than external wall insulation was
modelled for the majority of cases as most residents considered it to have a
lower impact on heritage values than EWI and this applied to all the
designated buildings. No solar was modelled for CS2 (Grade II* curtilage)
and cases in conservation areas were modelled both with and without solar if
it was acceptable to residents, as it was unclear whether it would be
permitted development. Solar thermal was modelled for CS1 and CS13
(Grade 1l) as ground mounted panels in the rear garden for CS1 and on a
hidden rear roof for CS13, whose front fagade is the only listed part of the

building.
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The retrofits which residents would or might consider acceptable to their
heritage values were taken into account when selecting measures. CS7 and
CS14 were modelled with EWI as both were already rendered and CS14
value their internal wall textures. No wall insulation was modelled for CS11
as they also value their internal wall textures and EWI would increase
lifecycle carbon. Package 5b modelled all cases without wall insulation as
this measure was generally unacceptable to residents’ heritage values but
because it is such a common measure it effects were worth examining.
Where other measures which were potentially unacceptable to residents and
which were not easily reversible, such as floor insulation, were included, the

package was modelled both with and without these measures.

Window additions rather than replacements were modelled for all of the
cases except CS6 who has UPVC double glazing and for whom triple glazed
timber sashes made the most difference from a carbon perspective. The
choice of heating system was informed by practical issues such as not
having biomass in highly built-up areas or in cases without storage space or
with delivery access issues. GSHPs were modelled where there was
considered to be enough outside space to have a flat collector or, in the case
of CS12, where biomass was impractical, and the residents found ASHP
unacceptable for both heritage and noise reasons. Despite CS15 being
unconvinced by the efficiency of ASHP it was modelled for them because the
effort required to run a biomass system was considered too disruptive and

they have no suitable outdoor space for a GSHP.

Practical issues around space constraints were also considered for IWI, with
thin aerogel insulation for CS2, CS5 and CS9. Standard floor insulation was
generally specified for the cases with solid floors because its lifecycle
savings were significantly greater than the other material options. For other
insulation options the natural material was generally chosen as being more
compatible with the buildings’ construction. The operational modelling of floor
insulation had previously presented challenges for some of the cases
(Chapter Eight) however, when paired with underfloor heating and a GSHP,
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the package made greater savings with floor insulation than without it. This

was tested for all the cases where GSHPs were modelled.

Heating setting adjustments were modelled for all of the cases as applicable.
A reduction in heating set point temperatures of 1°C was modelled for all the
cases as part of this package. Package 5a modelled Package 5 without
heating setting changes however so that the impact of these measures could
be tested. A package of measures was therefore developed for each case
which balances some of the varied factors which must be taken into account

when considering retrofit projects.

The average carbon savings for Package 5 over fifty years is 150.9tCOze per
case equating to just over 3 tonnes per year (Figure 9.7 and Table 9.6). The
balanced package provides an average of 11% of the embodied carbon to
the operational carbon (4.3- 30.7%) and it would take an average of 7 years
to offset the embodied carbon and start to make lifecycle savings. CS11
would take 300 years to pay back the embodied carbon meaning this
package does not make lifecycle savings. For some cases the exclusion of
solar thermal panels and floor insulation from the package leads to greater
savings than when they are included (CS6 and CS7). However, including
solar thermal panels makes greater savings for CS6 and has a very limited
difference for CS9 and CS12.
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Figure 9.7: Carbon savings for package 5: balanced, for each case

Note: An (s) after the case study number indicates the package without solar thermal, an (f)
indicates the package without floor insulation.

Table 9.6: Package 5 carbon savings

Embodied Biogenic Operational Solar generation Lifecycle

tCOze tCO2e tCO2e export tCO.e tCOe
CS1 19.9 -3.4 -460.5 0 -440.6
CS2 8 0 -26.1 0 -18.1
CSs3 24.4 -1.7 -151.9 0 -127.5
CS83s 19.6 -1.7 -144.2 0 -124.6
CS5 12 -0.9 -177.9 -4.9 -165.9
CS6 17.7 -2.8 -287.4 0 -269.7
CSéf 16.2 -2.5 -286.8 0 -270.6
CS6s 14.4 -2.8 -286.2 0 -271.8
CS7 20.4 -4.9 -260.1 0 -239.7
CS7f 14.2 -4.6 -259.4 0 -245.2
CS8 25.1 -1.4 -200.1 0 -175
CS9 14.2 -0.3 -111.9 0 -97.7
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Embodied Biogenic Operational Solar generation Lifecycle
tCOze tCO2e tCOze export tCO.e tCO2e
CS9s 12.9 -0.3 -110.9 0 -98
CS11 3 0 -0.7 -2.1 23
CSi12 9.9 -0.3 -84.6 0 -74.7
CS12s 7.6 -0.3 -82.3 0 -74.7
CS13 16.3 2.2 -166.1 0 -149.8
CS14 16.7 -3.8 -120.6 0 -103.9
CS15 12.4 -0.7 -105.5 0 -93.1

9.9 Package 5a: No heating setting adjustments

Package 5a excludes the measures involving heating setting adjustments to
provide a measure of the carbon savings possible for that building,
independent of residents’ future behaviours. These behaviours are uncertain
and may also change if new residents move in. Package 5a is therefore the
same as Package 5 but without heating reduction, smart heating controls
and reduced bedroom and holiday heating. Where alternatives in Package 5
were examined, those that make the greatest lifecycle savings for each case

were taken forward in Package 5a, so CS3 with solar thermal for example.

The average carbon savings for Package 5a is 149.9tCOze per case which
equates to just under three tonnes per year (Table 9.7). The average
percentage of operational to embodied carbon is 10.4% (3.4%-31.9%) and
the average number of years to payback the embodied carbon is 6,
excluding CS11.

Table 9.7: Package 5a: carbon savings

Embodied Biogenic Operational Solar generation Lifecycle

tCOze tCOze tCOze export tCO.e tCOze
CSs1 15.5 -3.4 -452.9 0 -437.4
CS2 8 0 -25.1 0 -17.1
CS3 19.1 -1.7 -151.1 0 -132
CS5 8 -0.9 -170.3 -4.9 -162.3
CS6 17.7 -2.8 -284 0 -266.3

CS7 13.3 -4.9 -256.4 0 -243.1
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Embodied Biogenic Operational Solar generation Lifecycle

tCO2e tCO2e tCO2e export tCO.e tCO2e
CS8 20.2 -1.4 -196.6 0 -176.4
CS9 11.1 -0.3 -108.2 0 -97.1
CSi1 3 0 -0.09 -2.1 2.91
CS12 9.9 -0.3 -82.1 0 -72.2
Cs13 128 2.2 -162.5 0 -149.7
Cs14 127 -3.8 -117.2 0 -104.5
CS15 93 -0.7 -103.3 0 -94

9.10 Package 5b: No wall insulation

Solid wall insulation is a commonly recommended retrofit measure for
vernacular buildings and can lead to significant carbon savings, as found in
Chapter Eight. However it is also generally unacceptable to the case study
participants, and, more widely, to the survey respondents (Chapter Five).
Package 5b therefore modelled the same measures as Package 5 but
without internal or external wall insulation (there is no change for CS11 or
CS12 where wall insulation was not included in Package 5).

Package 5b makes average carbon savings of 143.7tCOze per case,
equating to 2.9 tonnes per year (

Table 9.8). The embodied carbon is an average of 9.8% of the operational
carbon (3.2-26.5%) and it would take an average of 7 years to offset the
embodied carbon for Package 5b (excluding CS11).

Table 9.8: Package 5b carbon savings

Embodied Biogenic Operational Solar generation Lifecycle

tCOze tCOze tCOze export tCO.e tCOze
CSi 19.1 -1.8 -457 0 -437.9
CSs2 7.8 0 -21.1 0 -13.3
CS3 23.5 -0.3 -168 -4.9 -144.5
CS5 11.7 -0.9 -167.4 -6.7 -155.7
CSsé6 16.7 -0.9 -284.1 0 -267.4

CS7 15.7 -0.2 -256.9 0 -241.2
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Embodied Biogenic Operational Solar generation Lifecycle

tCO-e tCO-e tCO.e export tCO.e tCO.e
CS8 24.6 -0.4 -197.2 0 -172.6
CS9 141 -0.3 -110.3 0 -96.2
CS11 3 0 -0.09 -2.1 2.91
CS12 9.9 -0.3 -84.6 0 0
CS13 15.5 -0.7 -162.3 0 -146.8
CS14 13.9 -1 -118.7 0 -104.8
CSi15 11.8 -0.4 -102.1 0 -90.3

9.11 Package 5 Comparisons

A comparison of the lifecycle carbon for the three variations of Package 5
show that they are all relatively similar but that the package with the highest
savings varies for individual cases (Table 9.9). Package 5 results in the
greatest savings for eight of the cases (CS1, CS2, CS5, CS6, CS7, CS9,
CS12, CS13). However, Package 5a results in the greatest savings for CS8
and CS15. This is surprising because the heating setting changes should
result in greater savings and three of them have no embodied emissions.
The smart heating controls have significant embodied emissions however
and the resultant embodied savings for Package 5a are likely to be the cause

of the greater overall savings for these three cases.

There is only a small difference in lifecycle savings between Package 5
where 11 of the 13 cases have wall insulation and Package 5b where none
have wall insulation. Package 5 saves 7.4tCQO2e more on average across the
cases over 50 years than package 5b (148kgCO:ze per year). In two cases
(CS3 and CS14) the package without wall insulation actually leads to greater
savings, meaning that, in the context of the package, wall insulation actually
reduces lifecycle savings. For the other cases not including wall insulation
would also lead to reduced embodied emissions for only a limited reduction
in operational savings, as well as being likely to be more acceptable to, and
therefore enacted by, residents.
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Table 9.9: Comparison of embodied, operational and lifecycle carbon for
Package 5, 5a, 5b

P5 E P50 P5L PsaE P5a0 P5aL P5bE P5bO P5bL
CSt 19.9 -460.5 -4406 155 -452.9 -437.4 191 -457 -437.9

CS2 8 -26.1 -18.1 8 251 -171 7.8 -21.1 -13.3

CS3 24.4 -151.9 -1275 1941 -151.1  -132 23.5 -168 -144.5

CS5 12 -1779  -1659 8 -170.3 -1623 11.7 -167.4  -155.7

CSé6 14.4 -286.2 -271.8 17.7 -284  -2663 16.7 -284.1  -267.4

CS7 14.2 -259.4 -2452 133 -256.4 -243.1 157 -256.9 -241.2

CS8 25.1 -200.1  -175 20.2 -196.6 -1764 24.6 -197.2  -172.6

CS9 14.2 -111.9 977 111 -108.2 -97.1 14.1 -110.3  -96.2

CS11 3 -0.7 -2.3 3 -0.09 291 3 -0.09 291
CS12 9.9 -84.6 -74.7 9.9 -821  -722 9.9 846 0

CS13 16.3 -166.1  -1498 12.8 -162.5 -149.7 155 -162.3  -146.8

CS14 16.7 -120.6  -1039 127 -117.2 -1045 13.9 -118.7 -104.8
CS15 12.4 -105.5 -93.1 9.3 -103.3 -94 11.8 -102.1  -90.3

E = embodied carbon, O = operational, L = lifecycle, greatest lifecycle savings for each
case are colour coded green, second greatest orange, and lowest savings black,

9.12 Comparisons of Packages 1-5

The carbon savings from all packages are compared, although only the
variation of Package 5 which makes the greatest lifecycle savings is
compared with Packages 1-4 (Table 9.10). Surprisingly Package 5 leads to
the greatest lifecycle savings for nine of the 13 cases (CS1, CS3, CS5, CS6,
CS7, CS9, CS12, CS14, CS15), while Package 3, which would be expected
to lead to the greatest lifecycle savings for all cases, in fact only leads to the
greatest savings for CS2 and CS13. This shows that the individual measures
with the greatest savings may not lead to the greatest overall savings in
combination. Package 5 also leads to the greatest average savings across
the cases (152.3tCO2e), followed by Package 2 which prioritised operational
savings (150.4tCOze). Package 3 (149.2tC0O2¢e) on average makes only
slightly lower savings than Package 2, making greater savings than Package
2 for seven of the individual cases (CS2, CS6, CS7, CS9, CS13, CS14,
CS15).
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Package 1 (Policy) and Package 4 (Acceptable) make significantly lower
savings than Packages 2, 3 and 5. Package 1 (54.6tCO2e) makes slightly
greater average savings than Package 4 (49.1tCOze), although Package 4
makes greater savings for three of the individual cases (CS1, CS6, CS14)
and of course for CS9 and CS12 for whom the policy package recommended
no measures. Importantly however, many of the measures included in
Package 1 are unacceptable to residents’ heritage values and would have a
significant impact on the building (Figure 9.3). Package 4 in contrast only
included measures that residents considered acceptable, and which are
therefore much more likely to be enacted, and to thus make actual carbon
savings, than those included for Package 1.

The two technical Packages (2 and 3) also include measures that are
unacceptable to residents, while Package 5 takes more account of residents’
values in the selection of measures. Package 5b, without wall insulation
makes average savings of 143.7tCOze (Table 9.8) which is only slightly less
than the savings made by Packages 2 and 3 and still nearly three times as
much as those recommended for Package 1, with a much lower visual

impact.

Table 9.10: Total lifecycle carbon savings for the five main packages

P1 Policy P2 P3 Lifecycle P4 Acceptable P5

(I I EHGEURLEM Operational  N{{ef0)1:)) (tCO2e) Balanced

(tCO2e) (tCO2e) (tCO2e)
CS1 -253.1 -438.2 -432.5 -290.2 -440.6
CSs2 -12.9 -73.2 -75 -12.4 -18.1
CSs3 -27.3 -129.9 -129.9 -5 -144.3
CS5 -80.7 -150.5 -126.2 -31.9 -165.9
CS6 -78.7 -249.9 -264.8 -89.7 -271.8
CSs7 -86.2 -229.1 -238.3 -36.6 -245.2
CS8 -43 -186.4 -155.1 -27.7 -176.4
CS9 N/A -94.2 -97.6 -53.4 -97.7

CS11 4.2 7.4 2.2 1 2.3




Page 326 Reducing carbon - retaining heritage

P1 Policy P2 P3 Lifecycle P4 Acceptable P5

recommendations oIl ile]o | (tCO2e) (tCO2e) Balanced

(tCO2e) (tCO2e) (tCOze)
CSs12 N/A -73.6 -72.3 -16.7 -74.7
CS13 -50 -145.3 -152.7 -8.9 -149.8
CS14 -44.3 -98.4 -103 -51.1 -103.9
CS15 -37.8 -93.6 -94 -15 -94
Total -709.8 -1,954.9 -1939.2 -637.6 -1,980.1
saving
Avg. -54.6 -150.4 -149.2 -49.1 -152.3
saving

The operational energy and lifecycle carbon savings for Package 1-5 were
calculated for each of the case studies, along with the percentage carbon
saving from the baseline for each case (Table 9.11). The carbon figures are
an average value across the fifty-year assessment period taking the
decarbonisation of the electricity grid into account, this means that, in reality,
carbon savings would be greater in earlier years and lower in later years.
Package 5 makes the greatest yearly energy and carbon savings across the
case studies (56.6%), Package 2 and Package 3 make similar average
energy and carbon savings (53.7% and 56.1% respectively). Package 4
(15.4%) makes slightly lower savings than Package 1 (16.1%).
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Table 9.11: Average operational energy and lifecycle carbon savings per year for each retrofit package for each of the case studies



Page 328 Reducing carbon - retaining heritage

The greatest energy savings do not necessarily relate to the greatest carbon
savings, with package 2 and 3 making higher average energy savings than
Package 5. This will be influenced by the specific heating system changes
which are modelled for a package. While all measures make energy savings
for CS11, none make carbon savings because they already have such low
carbon emissions. The best package for each case is therefore varied,
although versions of Balanced Package 5 make the greatest savings for the

majority of the cases.

9.13 Discussion

All of the retrofit packages made lifecycle carbon savings for all of the cases,
except CS11. Packages 2 and 4 were intended to demonstrate the technical
carbon savings that could be possible from an operational and lifecycle
perspective while making no allowances for residents’ heritage values,
planning constraints or practicality. Package 5 however, which took a more
balanced approach to these constraints, in fact made greater savings for the
majority of cases than the more technical packages, demonstrating the fact
large carbon savings are still possible in a more realistic retrofit scenario.
Package 5b found that even without wall insulation significant carbon savings
were still possible, even leading to greater savings than Package 5 with wall
insulation in some cases. Given the apparent unacceptability of wall
insulation to the vast majority of residents of vernacular buildings identified in
this research (Chapter Four) it is very positive that significant lifecycle
savings can still be made without it.

Package 2, 4 and 5 included heating setting adjustments as proxies for
various levels of behavioural change as these measures were shown
individually to lead to significant reductions in energy and carbon (Chapter
Eight). Retrofit has often been shown to result in rebound effects, where
savings post retrofit are lower than predicted because residents alter their
behaviours to increase comfort levels (Galvin, 2015). Larger rebounds are
expected for households that are not content with current conditions (Sorrell

et al., 2009). In contrast, because nearly all of the case studies are
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comfortable with current conditions in their homes, no rebound effect has
been modelled. However Package 5a did not include heating setting
reductions to test the effect of behavioural changes, finding that these
changes make a limited difference when combined with other measures in a
package. This is likely to be because the case study residents already have
relatively low energy behaviours and because heating behaviours will have
less effect on carbon emissions if heating fuels are switched to low carbon

sources and if the efficiency of the building fabric is increased.

Package 1, the current policy package, reinforced the findings of this
research (Chapter Seven) that RASAP is a poor predictor of both current
performance and future retrofit savings for the case study buildings, and also
supports previous research on other EPC modelling tools (Gram-Hanssen,
Georg, et al., 2018; Sunikka-Blank and Galvin, 2012). Six of the 11 cases
already have lower current energy demand than that predicted for them by
RASAP at EPC band C. Most of the measures recommended are unlikely to
be enacted as they are not acceptable to residents’ heritage values and
furthermore lead to 53% less carbon savings on average across the case
study buildings than predicted by RASAP. This could have significant
implications for the level of carbon savings that could be made nationally by
retrofitting buildings to band C if predictions of savings are based on the
RdSAP model, with implications for the effectiveness of this policy for
national carbon reduction targets. It appears clear that RASAP is unsuitable
for use as a modelling tool for the retrofit of vernacular buildings or for being
used as a policy instrument to encourage carbon reduction, as it will

misinform effective decision making.

Full cost analysis was not included in the modelling but the data showed that
this was always a factor that residents had to balance in their decision
making. Generally, measures which have a low heritage impact such as
shutters or curtains are also likely to have significantly lower costs than their
alternatives such as window replacement. Package 1 (policy) can be
compared with Package 4 (acceptable) on this basis. While they make a

similar level of lifecycle carbon savings, Package 4 includes measures with a
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much lower financial cost than Package 1. It may also be possible for some
of the measures in Package 4 to be installed by the homeowner themselves,
thus reducing pressure on the construction industry. Many of the measures
are also flexible and easily reversible, which may have advantages to
support heritage retention and in terms of their adaptability to changing
conditions and building usage. Package 5b meanwhile shows that significant
carbon savings can still be made without wall insulation which is likely to

have a significant financial cost.

The importance of considering the specific context and condition of each of
the cases study buildings and the individual situation of its residents was
identified when considering the measures to be included in Package 5. While
measures were chosen using a precautionary principle with regard to
reducing moisture risks for example, improvements to current conditions
prior to retrofit would be needed for some cases, as well as much more
detailed investigation, to avoid risks of maladaption. The results showed that
some cases had much greater savings than others, with CS1 making
absolute carbon savings nearly twice as great as the next closest case
because of their high current emissions, while none of the packages made
savings for CS11 because they already have such low emissions. This
emphasises the importance of understanding current energy demand from
buildings and their residents, and the need to take a lifecycle perspective. It
also suggests that prioritising households with greater emissions for earlier
retrofit might have a positive, disproportionate effect, on national carbon

emissions.

These results demonstrate significant potential to reduce carbon from
vernacular buildings through retrofitting. Package 5 makes average lifecycle
carbon savings of 56.6% and average operational energy savings of 53.4%.
This package balances a range of constraints and takes account of
residents’ heritage values, so the potential savings identified are relatively
realistic. Package 4 meanwhile only considers those changes that are
currently acceptable to residents and still makes an average saving of 15.4%

of the case studies’ current carbon emissions. To put this into context, if this
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level of saving was applied across all of the 10.2 million UK homes built
before 1944, taking the average carbon emissions of the case study
buildings as a baseline, it could equate to savings of 7.4MtCQOze per year.
This represents a 11.3% reduction in UK residential emissions, based on
2019 total carbon emissions (65.2MtCOze (BEIS 2020d)). The Cumbrian
case study buildings are not representative of all UK vernacular buildings
hence this figure is highly speculative, but it nonetheless gives some
impression of the value of considering even the most conservative of the

retrofit packages when scaled up.

In fact, because this is the package that only considers measures that are
currently acceptable to residents, these changes are more likely to be
enacted and therefore to lead to actual, rather than only potential, carbon
savings. Assuming that cost barriers could be overcome, for example
through government funding, these measures could be scaled up more
rapidly because of their acceptability to residents. The time critical nature of

the climate crisis means that rapid action is imperative.

9.14 Conclusion

This chapter has examined the carbon impact of retrofit measures when they
are combined into packages (RsQ3b) and considered how realistic these
measures may be, given the heritage values and barriers that residents
identify to retrofitting, as well as the compatibility of measures with residents’
buildings (RsQS3c).

Seven retrofit packages which modelled a combination of measures were
explored. Package 4, which considered acceptable retrofits, made smaller
savings than most of the other packages but still had the potential for
significant savings while retaining heritage values. Package 1, considering
current policy recommended changes, had the lowest savings, alongside
Package 4. However Package 4 has much more potential to be enacted than
Package 1. Packages 2 and 3 considered the greatest technically potential

savings, regardless of acceptability, although they were found to mainly



Page 332 Reducing carbon - retaining heritage

make lower carbon savings than Package 5. Package 5 examined a realistic
scenario of measures, balancing constraints identified by residents and
considering their heritage values. Finally, two variations of Package 5
provided alternative scenarios based on specific acceptability factors. The
different variations of Package 5, 5a, and 5b in fact provided the greatest
carbon savings for 10 of the 13 case studies. Package 5b meanwhile
showed that substantial carbon savings are possible without wall insulation
which is generally unacceptable to residents but is the retrofit measure that

gains the most attention from policy makers for vernacular buildings.

This modelling highlights the need to move away from simple, single
measures, to consider more complex and nuanced combinations that will
make savings while reducing the barriers identified by residents. This chapter
has therefore built on the results of the previous chapters to examine the
potential carbon reductions that are possible while retaining heritage values
in vernacular buildings and thus contributing to reducing carbon emissions

from the built environment and mitigating the effects of climate change.



Figure 9.8: CS13 and CS14



Chapter 10. Discussion and implications of key
findings

10.1 Introduction

The previous six chapters have developed a picture of the current views,
values, and behaviours of residents (RQ1), which influenced the building’s
actual energy demand (RQ2), identification of which enabled examination of
the potential for retrofit measures to make realistic lifecycle carbon savings
(RQ3).

Chapters’ Four and Five examined the heritage values that residents invest
in their buildings (RsQ1a), how these values affect the acceptability of retrofit
measures (RsQ1d) and the types of barriers that residents perceive to
carbon reduction (RsQ1e). Chapter Six identified the energy behaviours that
residents engage in within their buildings (RsQ1c) and their perceptions of
comfort and environmental quality (RsQ1b). The actual energy use and
carbon emissions of the case study buildings were identified (RsQ2a) and
compared with the results of standard UK energy models (RsQ2b) in Chapter
Seven. Chapter Eight investigated the opportunities provided by three
modelling tools to create reasonably representative baseline energy models
(RsQ2c) and calculated the operational, embodied, and lifecycle impact of a
range of individual retrofit measures (RsQ3a). Finally, the lifecycle
implications of these retrofit measures in combination were identified
(RsQ3b) in Chapter Nine and their ability to reduce carbon while retaining
heritage was considered (RsQ3c).

This chapter draws together the findings from this work to discuss the results
and consider the broader implications for both policy and practice: exploring
some of the ways that retrofitting approaches for vernacular buildings could
be improved to align better with residents’ values, account for their
behaviours and make actual and realistic carbon savings in the future. Five
broad themes of results are discussed and then specific recommendations

for policy and practice are identified.
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10.2 Acknowledging residents’ heritage values

The official heritage designation of buildings is often considered to determine
the types of changes that can be made to these buildings without adversely
affecting their heritage values. It is recognised however that not all buildings
with heritage value are designated (Herrera-Avellanosa et al., 2019),
something which was confirmed by this research, and that the designation of
heritage is often developed in a top down manner which may neglect the

values of residents and communities (Tweed and Sutherland, 2007).

The vast majority of residents in this study invested significant heritage
values in their buildings, with designation seeming to have little effect on their
recognition of these values (Section 4.2). This is important because it
suggests that significantly higher proportions of the residential building stock
are perceived to have heritage value by their residents than is recognised in
policy. If this finding is more broadly reflective in the UK, then, based on the
survey results, it could equate to around eight million (28%), or almost one in

three UK homes.

The survey and case studies identified that the heritage values that residents
invest in their buildings are unique, individual, and context specific. These
values were found to relate both to specific, tangible building elements such
as windows or woodwork, and to intangible aspects such as character, feel,
and sense of age. The specific values that residents invest in their buildings,
both designated and undesignated, may also differ to the values recognised
by heritage designation in planning policy. Residents for example, appeared
more likely to value the social and micro-history of their homes, and the
sense of connection to previous residents and craftspeople through features
like wear on beams and steps, or original fixtures such as ironwork and
woodwork, as identified in the photo elicitation, interviews and building walk-
throughs (Section 4.5-4.7). These features, on a national scale, may not be
deemed historically important but their value to residents is pertinent in terms
of resident led retrofit decisions and the types of changes that may be

acceptable or unacceptable to them (Chapter Five).
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For the residents in this research, the very clear connection to local
materials, vernacular styles and character within the landscape is likely to be
enhanced by the specific location of Cumbria, and the Lake District National
Park, which is inscribed as a cultural landscape World Heritage Site precisely
because of this connection between the natural and manmade elements of
the historic landscape (LDNPA, 2020). However the sense of connection that
residents had with their wider landscape mirrors findings in other contexts
with a clear sense of regional or local distinction (Bieling, 2014). Appreciation
of connection to landscapes and local vernacular styles and materials is

therefore unlikely to be limited to Cumbrian residents.

When residents’ values are neglected, opportunities to reduce carbon will be
missed. In the UK the majority of homes are owner occupied and any retrofit
is generally instigated, managed, and largely funded by residents. If a
proposed retrofit measure is not compatible with their values, it is very
unlikely to be enacted (Chapter Five). The take up of retrofit for existing
buildings is often lower than expected and is currently much lower than
needed for the scale of carbon reduction that is required from the existing
built environment (European Commission, 2020). From the findings of this
research, it seems probable that one reason for this low rate of retrofit in
vernacular buildings is that residents do not find the standard measures that
they are commonly presented with acceptable to their heritage values. This
came through clearly in the case study interviews. These unacceptable
measures include external wall insulation and window replacement which
have a clear external visual impact (Section 5.4), despite being commonly

recommended in retrofit.

Residents can therefore feel that it is not possible to retrofit their homes in a
way that is acceptable to their values. These values were also applicable to
survey respondents and case study participants in undesignated buildings.
Therefore, and in contrast to the views expressed by some policy makers,
such as Jenrick (Anon, 2021)(section 1.2), using designation as an arbiter of

acceptable retrofit is not appropriate and will not lead to the required carbon
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savings. This research suggests that there needs to be more recognition and
understanding of the heritage values that residents invest in their homes,
both designated and undesignated, and the influence that these values have
on their retrofit decisions. This recognition needs to lead to a retrofit ‘offer’
which will be more acceptable, and therefore more likely to be undertaken.
Without this, carbon emissions from this significant proportion of the
buildings stock are very unlikely to be reduced at the scale needed to

mitigate climate change.

10.3 Informational barriers to retrofit

There is significant information readily available from a wide range of
sources on potential retrofit options and approaches. This includes from
heritage organisations who often provide a range of useful resources and
information on heritage sensitive alterations (Historic Environment Scotland,
n.d.; Historic England, 2022; STBA 2020). Residents in this research
however highlighted that identifying appropriate and heritage sensitive
options for their buildings was, after cost, the most important barrier to
carbon reduction from their homes (Section 5.5). Residents’ and
professionals’ access to relevant information on heritage sensitive retrofit is
often identified as a key barrier (Herrera-Avellanosa et al., 2019). There
therefore appears to be an issue with the types of information that residents
are seeing or accessing and/or this is not providing them with the knowledge
that they feel they need to inform their decisions. This was evidenced in the
survey results on information sources that respondents would or had

accessed (Section 5.6).

Information from heritage organisations such as Historic England may be
less likely to be accessed by residents who live in undesignated buildings.
While designation appeared to have little effect on the heritage values that
residents invested in their homes, it did seem to provide a distinction in how
they described and identified them. Case study participants in designated,
and particularly listed buildings were more likely to describe their homes as

heritage buildings and therefore to potentially access information from
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heritage organisations. Participants in undesignated buildings in contrast,
while sure that their homes had heritage value, generally did not describe
them as heritage buildings, this being a term that they seemed to associate
primarily with listed or ‘significant’ buildings. Several participants emphasised
the modest and unpretentious nature of their own homes -which fits well with
some definitions of vernacular architecture- in contrast to their idea of what a
heritage building might be (Section 4.2). There is no clearly agreed definition
of a heritage building, so it is perhaps unsurprising that residents have a
range of understandings and a level of uncertainty about the term and its
criteria. Improving access to relevant information, in particular for residents in
undesignated buildings, is therefore a clear priority in order to increase the

uptake of retrofit activity.

The source of the information was found to be just as critical, with residents
wanting such sources to be trustworthy and ‘disinterested’, supporting
previous research (Herrera-Avellanosa et al., 2019). For many participants
this meant that information should not come from the company selling the
measure, or indeed necessarily from the government. Residents were
concerned about ‘being convinced’ to install specific measures promoted as
part of policy or industry agendas, which they might not actually require, or
which might not be the best choice for their building. This fed into their desire
for specific advice which took their individual circumstances and values into
account to help them to identify the most appropriate options for their
behaviours and values and for the performance of their specific building
(Section 5.5).

In Europe an increasing number of ‘one stop shops’ have been set up by
community groups or local governments, which provide advice on retrofit,
help put residents in contact with local tradespeople, and can even manage
the retrofit process for residents. Some successful examples of one stop
shops include People Powered Retrofit in Manchester (Carbon Coop, 2022)
and the Energy Communities Tipperary Cooperative (2022), although these
are not specifically related to homes with heritage value. These initiatives

may have the potential to provide relevant and trusted information to
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residents. One stop shops may still be seen as ‘selling’ their own solutions
but if they are community based and not for profit, such as these examples,
then they may be more likely to be trusted by residents. Local authority
planning services and building control were not seen by residents as useful
places to access retrofit information (Section 5.6 and Figure 5.14). However,
if these services had more capacity, through increased funding and training,
they could potentially be well placed to offer the local, context specific, and

commercially independent advice that residents desire.

A further trusted source of information identified in this research is other
owners of older buildings. Survey respondents and case study participants
both emphasised that they valued information from those that they knew had
undertaken certain measures when they were considering them for their own
buildings. They also valued recommendations from acquaintances on the
quality of work by tradespeople because finding skilled tradespeople who
understood how to work sympathetically with older buildings was a
challenge, confirming previous research (Mallaband et al., 2013). This could
either be related to concerns about the quality of work due to gaps in the
knowledge of tradespeople, or to challenges for residents in finding
appropriate tradespeople (Section 5.5). A minority of residents also identified
that having the time and capacity to investigate, decide on, and manage the
often complex and messy process of retrofit was a significant challenge,

especially in vernacular buildings.

Providing support or facilitation to encourage residents to create and engage
in local peer-to-peer networks which could share learning from previous
experiences and identify suitable tradespeople could be beneficial. Open
home events, where residents allow others to visit their homes and ask
qguestions, may also be useful in enabling participants to learn experientially
and to see materials and systems in reality. This type of learning could help
residents to develop an understanding of how measures might work in their

own buildings.
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Information provided to residents therefore needs to be individual and
context specific, and to come from trusted sources, for these barriers to be

overcome and retrofit to be enacted on the scale required.

10.4 Energy behaviours and comfort perceptions in policy and
reality

The complexity and variation of energy behaviours in buildings is rarely
accounted for in policy, despite the critical effects these have on energy
demand from residential buildings (Bordass, 2020; Gram-Hanssen, Georg, et
al., 2018). Standard behavioural assumptions are often used in place of
information about actual behaviours, especially in relation to heating
practices for national energy models. Residents’ behaviours in this study
were found to be very different to these standard assumptions, with varied
and individual heating practices and lower than average temperatures
revealed by the survey and case study site visits and energy diaries
(Sections 6.4 and 6.5). Part of the reason for these behaviours may be
because many residents have broader concerns about the need to reduce
their carbon emissions, as identified in the survey and interviews. The
majority felt that they, governments, businesses, and other groups all had a
clear collective responsibility to reduce carbon emissions, but that
governments had to take the lead to provide a framework to enable carbon
reduction on the scale required to mitigate the climate crisis (Section 6.2 and
Figure 6.2).

The range of heating practices that residents engage in was found to result
in lower energy use than standard assumptions (Chapter Seven) because
residents’ heating practices tend to focus on providing localised heat instead
of heating the whole building. These behaviours were found to be consistent
with theories of adaptive thermal comfort (Hellwig et al., 2019; Nicol and
Humphreys, 1973) and to affect the most appropriate retrofit measures for
individual case studies (Chapter Eight). Considering the potential of future
behavioural changes, the more detailed modelling in this research showed

that individual behavioural alterations, such as temperature reductions and
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heating fewer spaces could make significant carbon savings (Section 8.3).
These behavioural changes also did not have an embodied carbon impact,

unlike measures which require physical changes (Sections 8.4 and 8.5).

Linked to the individual heating practices and energy behaviours that
residents engage in are their perceptions of comfort. The need to retrofit
vernacular buildings is often presented as imperative to improving comfort as
these buildings are frequently represented as cold, draughty, and damp. This
research found however that, in contrast to these assumptions, the vast
majority of residents were satisfied with comfort in their buildings (Section 6.6
and Figure 6.22), extending this finding to cooler climates and supporting
similar research on vernacular buildings in warm climates (Li et al., 2013; Dili
et al., 2010). Vernacular buildings are often well suited to their micro climates
and can have original features that can be utilised by residents to improve
comfort (Hawkes and Lawrence, 2021; Khan, 2018; Henry, 2007), something
also demonstrated by some of the case studies’ soft retrofits (Section 5.3).
Improvements to comfort may therefore not a be substantial driver for retrofit
for a significant number of residents. This is likely to have implications for the
amount of time and money that residents are prepared to spend on
retrofitting activities and the levels of disruption that they are prepared to

tolerate (Section 5.4).

There were also indications that, although survey respondents and case
study participants identified some challenges with comfort in their buildings -
for example around moisture management, limited window size, or draughts-
they may have greater tolerance of these issues due to the historic nature of
the building (Section 6.6). Residents’ comfort perceptions therefore appeared
to be informed by their heritage values, suggesting that some heritage
buildings may acquire ‘heritage residents’ who actively reframe some of the

inconveniences of their homes as ‘part of the character’.

Energy behaviours however do not tend to form part of retrofit policy, which
instead focusses on the standard technical characteristics of buildings. One

of the reasons for this may be that policy makers’ comments on energy
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behaviours can often be negatively linked to people suffering from the
devastating effects of fuel poverty (Ambrose, 2022; Mason, 2013; Wintour,
2013). This is especially the case in times of rising fuel bills, and it is critical
that people in fuel poverty receive appropriate, substantial, and effective
support. There is therefore a need to conduct reasonable national
conversations about the potential benefits of low energy behaviours, and

appropriate and desirable standards of comfort.

10.5 Differences in modelled energy performance

Older buildings are routinely identified as inefficient, high energy users,
which is commonly used as a key justification for retrofitting (European
Commission, 2020). However, this was not reflected in the actual energy
performance of the vernacular buildings in this research (Section 7.3). The
individual energy performance of the case studies was around average for
the UK and collectively slightly lower than average if calculated per building
area (Section 7.3 and Figure 7.5).

Some aspects of vernacular building performance were found to be better
than that of more modern buildings, such as the very positive performance of
these buildings in warm weather, which was highlighted by most residents in
the survey and case study interviews and supported by the energy diary data
(Section 6.7). This aspect is particularly important given the predictions of
higher future temperatures and increased numbers of extreme heat events. It
also contrasts well with some more modern buildings which are increasingly
being highlighted as suffering from overheating (Bateson, 2018; Adekunle
and Nikolopoulou, 2014). These findings add to previous research showing
that some vernacular buildings perform better in reality than generally
assumed (Hawkes and Lawrence, 2021; Pracchi, 2014; Cardinale et al.,
2013; Cantin et al., 2010).

Some residents also identified that, in contrast to the older parts of their
buildings, it was their more modern extensions which tended to have poor

performance and therefore often led to discomfort (Section 6.6). This is
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appeared to be a result of poor-quality construction for these extensions but
may also be enhanced by some residents’ heritage perceptions and general

dislike of modern construction (Section 4.6).

It is therefore important to understand all aspects of vernacular buildings’
technical performance, such as an ability to keep cool in hot weather, and
opportunities to make use of any existing features -such as traditional
shutters, draught porches, or high levels of thermal mass- as part of sensitive
and effective retrofitting approaches. Retrofits should therefore be
undertaken which recognise, enhance, and take advantage of, these
features and do not prejudice their performance. Retrofits which reduce the
effect of the building’s thermal mass through excessive internal wall
insulation for example, could negatively affect its ability to keep cool in hot

weather.

At the same time however there needs to be recognition of the moisture
challenges that affect some older buildings, often as a result of previous
maladaptions, and of the support that residents may need to help to mitigate
or manage these issues and undertake appropriate maintenance (Section
6.6). This research has emphasised that helping vernacular buildings to
perform as well as they can and helping residents to manage their buildings’
performance most effectively, is an important first step prior to undertaking
retrofit. Understanding how the building currently functions is also important

to avoid future retrofits leading to maladaption.

There is a broad trend for the energy simulation models used to create
energy performance certificates across Europe to overestimate the actual
energy demand of older buildings (Majcen et al., 2013; Sunikka-Blank and
Galvin, 2012). While the actual energy demand of the case study buildings
was found to be around or slightly lower than average for the UK, based on
fuel bills and meter readings, RASAP substantially overestimated energy use
for almost all buildings (Section 7.2 and 7.3). It is therefore probable that
poor representation of vernacular buildings in standard models is partly

responsible for these buildings’ reputation for high energy demand.
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These simulation models assume standard energy behaviours, and the very
clear differences between these assumptions and the actual behaviours that
residents were found to engage in is one of two main factors that make such
simulation models inaccurate for vernacular buildings. For the case study
buildings this led to significant overestimations of demand for space heating
and DHW (Section 7.3 and Figure 7.11). Meanwhile electricity use was
underestimated because RASAP does not include electricity demand other
than lighting or heating, ignoring plug loads. As a compliance and
comparison tool, the use of standard behaviours may be logical and is
designed to show the energy efficiency of the building fabric, unobscured by
individual behaviours (BRE and DECC, 2014). RdASAP though, because of its
ubiquity, limited data requirements, and use in government schemes
(Godefroy et al., 2021), has become a standard tool used to inform energy
retrofitting. EPCs are also being increasingly used across Europe to
encourage energy retrofitting through mandating Minimum Energy Efficiency
Standards (CCC, 2020). EPC data is also often used to develop Government
policy. For these types of use - informing and encouraging retrofitting and
shaping future policy- it is critical that an accurate picture of actual building
energy demand is developed, which needs to take account of residents’ real

energy behaviours.

The second reason that these models are inaccurate for vernacular buildings
is the poor representation of traditional construction types and materials.
RdASAP was found in this research to significantly overestimate u-values for
the case study buildings compared with more detailed modelling tools
(Section 7.4), supporting findings in other research (Li et al., 2015; Hulme
and Doran, 2014). It was also found to have very poor options for modelling
specific building constructions and their variations, (Section 8.2 and Table
8.1) and does not take account of a building’s state of repair (Alembic
Research et al., 2019). The actual condition and performance of building
fabric and systems should therefore be accounted for if these models are to

inform retrofitting.
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The fact that RASAP significantly overestimates energy demand and
associated carbon emissions from vernacular buildings means that any
carbon savings will also be overestimated and could lead to retrofits which
are neither cost nor carbon effective. In the case studies, the carbon savings
from improvement to the future policy target of EPC band C were
overestimated by more than 50% by RASAP (Section 9.4). This was partly
because of inaccuracies in the calculated baseline energy demand and partly
because of RASAP’s out-of-date carbon factors (Section 7.3). The majority of
the recommended measures were also unacceptable to the heritage values
of the case study residents, meaning that they would be highly unlikely to be
enacted in reality (Section 9.4 and Figure 9.3). This research therefore
supports findings across Europe on the unsuitability of the models which
inform EPCs for existing buildings. This study suggests that RASAP, as a
policy tool to promote and inform the retrofitting of vernacular buildings, is not
fit for purpose in its current form. This clearly means that national carbon
targets will be jeopardised if, as shown by this research, the suggested
measures are unlikely to be enacted and, even if they are, will lead to much

lower than predicted carbon savings.

In order to reduce carbon emissions through retrofit, an improved
understanding of the actual performance of vernacular buildings is required,
based on actual data and accurate, calibrated models, rather than the
predictions of current standard models. Consistently good decisions need to
be based on accurate and specific data and appropriate and relevant
information. More detailed models than the two standard UK modelling tools
were found to be required for all cases to enable a reasonable representation
of actual energy demand (Section 8.2). Improved models are therefore
needed which better reflect the construction of vernacular buildings and the

interaction between residents’ behaviours and their homes.

10.6 Calculations of realistic carbon reduction potential

The carbon saving potential of a range of retrofit measures was examined.

When lifecycle carbon, rather than just operational carbon, was considered
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the measures that led to the greatest savings were varied, and some
measures failed to make savings, in fact leading to increased lifecycle
carbon (Section 8.5). It is therefore critical to ensure that lifecycle, rather than

only operational, carbon is calculated for retrofit projects.

A range of ‘soft retrofits’ which some residents already used, where found in
this research to lead to potential carbon reduction (Section 5.3 and 8.5).
There is a lack of technical data on the veracity and efficiency of some of
these types of measures but there is significant qualitative data to show their
value to residents, and, for the more traditional measures, clear historical
antecedents for their efficacy in vernacular buildings (Pender and Lemieux,
2020; Khan, 2018). These types of measures are often neglected in current
retrofit approaches.

It was possible to at least partially model curtains, shutters and wall hangings
in this research and they were found to have useful carbon reduction
potential, with shutters for example providing greater lifecycle savings than
window replacement for some cases (Section 8.8, Table 8.13-14). These soft
retrofits are likely be more acceptable in planning policies as well as to
residents, be more flexible to changing future needs and present less risk of
maladaption (Section 5.4). They were found to have low embodied carbon
and are also likely have less financial cost. While individually these
measures may not lead to significant carbon savings, they could play an
important role as part of a broader retrofit strategy and be easier to enact

more rapidly and at scale.

The modelling and analysis of a range of retrofit packages as opposed to
single measures, meanwhile demonstrated that significant lifecycle carbon
savings were readily achievable through retrofit (Chapter Nine). The retrofit
packages examined a range of different scenarios, which made lifecycle
savings for all but one of the case studies. The package of measures that
were acceptable to residents led to potential carbon reductions which, if
scaled up, could have a substantial effect on national emissions from the

existing built environment (Section 9.7). In fact, because these changes were
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acceptable to residents and would be likely to mainly have a lower financial
cost, they are more likely to be enacted by residents. This contrasts with
Package 1, modelling measures to reach EPC band C, which made a similar
level of lifecycle carbon savings but with measures that would have much
greater heritage impact and therefore be much less likely to be undertaken
(Section 9.3). The window of opportunity to mitigate the climate crisis is very
limited, so retrofit measures that have the potential to be applied rapidly and
which could be acceptable at scale will have significant benefits, even if their

individual savings on a household level are modest.

It is likely however that a deeper level of retrofitting will be required for most
vernacular buildings if climate goals are to be met (Wade and Visscher,
2021). This research showed that there was potential to reduce annual
carbon emissions by around two thirds and energy demand by around a half,
while taking into account some of the factors which constrain retrofitting in
these buildings, with tailored measures for each case study (Section 9.8).
Substantial lifecycle savings were still found to be possible without internal or
external wall insulation, which is rarely acceptable to residents. These
savings were possible as a result of the other fabric improvements, such as
floor insulation, loft insulation and window improvements, and through
behavioural and heating system changes (Section 9.8 and 9.10). Significant
lifecycle savings can therefore be made while retaining much of the heritage
value that residents were found to identify in their homes. This level of
predicted savings would be quite consistent with the goals of the European
Renovation Wave strategy, which suggests that carbon emissions from
European buildings need to be reduced by 60% by 2030 and that deep
retrofit is considered to be that which reduces energy consumption by at
least 60% (European Commission, 2020).

10.7 Recommendations for policy and practice

The context of this research, and the individual case studies, are highly

specific. However, the findings are broadly applicable to vernacular buildings
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in other regions and countries, and therefore to both national and

international policies on carbon reduction from existing buildings.

One key message is that retrofit professionals and policy makers must
recognise that many residents are likely to invest significant values in their
vernacular buildings, both designated and undesignated (Section 4.2).
Residents do not currently feel that standard retrofit ‘offers’ in policy are
suitable for their building or consistent with their values, showing that there is
currently a lack of such recognition (Section 5.5). If retrofits are not
acceptable to residents’ values, they will not enact them, thus failing to reach

retrofit targets for a considerable percentage of the building stock.

The key barrier to retrofit in these properties was identified as being around
the complex factors that residents have to negotiate when making retrofit
decisions (Section 5.4 and 5.5). Importantly the research suggests that
retrofit recommendations for a particular building need to be, and be seen to
be, independent, and not associated with business interests or with
government funding for specific, single measure solutions. This may have
implications for the current policy focus on heat pump installation for example
and was emphasised by the case study interviews and survey results
(Section 5.5). Instead, local authorities could lead the dissemination of
information, so that residents receive appropriate information targeted at
their heritage -including undesignated- buildings which recognises their
heritage values. Community-led one stop shops may also have useful
potential to reduce the management burden of retrofitting on residents, while
retrofit networks through which residents could share knowledge, could help
with the provision of information that is both relevant and perceived as
trustworthy. Increased support for the upskilling of tradespeople may also be
required to enable the upscaling of retrofit (Simpson et al., 2021), especially

for vernacular buildings.

Residents’ energy behaviours and comfort perceptions are also currently
neglected in building policies, which generally focus on the technical

potential of buildings (Bordass, 2020). Increased recognition of the role that
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residents play in energy demand is required (Chapter Six and Chapter
Seven). This suggests that there is a need for a national conversation about
the importance of behavioural change in helping to reduce carbon from
residential buildings, as highlighted by the detailed modelling results
(Chapter Eight and Nine). This discussion could be informed by the
behaviours identified in some of the case studies around localised heating
practices and personal insulation (Section 6.4 and 6.5). However, this
conversation should be clearly separated from discussions of fuel poverty,

which separately requires a policy focus.

A further key finding is that current energy models are unsuited to heritage
buildings. EPC results have been frequently shown to vary from measured
performance and this research has shown that this is significantly
exacerbated for heritage buildings. This is because these models tend to
significantly underestimate the performance of traditional materials (Section
7.3), fail to reflect heritage residents’ behaviours (Chapters Six and Seven),
and produce recommendations that are mainly unacceptable to residents’
heritage values, and which are therefore highly unlikely to be enacted
(Section 9.4).

These models should not, therefore, be used as a policy tool to encourage or
even mandate retrofit measures, without significant improvements to their
accuracy. Better standard models are required, and retrofitting should be

informed by actual, current, building performance and condition.

Within the UK it has been suggested that RASAP for existing buildings
should be replaced with the full Standard Assessment Procedure (SAP),
currently used for new buildings, which is much more detailed (Godefroy et
al., 2021). SAP however still uses standardised behavioural assumptions
(BRE and DECC, 2014) and would require improvement to the way it
represents the performance of traditional materials. The benefits and
challenges of using steady state versus dynamic calculation tools should
also be considered. The ability to tailor models to residents’ specific

behaviours and calibration with actual energy demand is also necessary to
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enable modelling tools to inform retrofitting and identify more realistic savings
(Section 8.2). Behaviours could be included in a separate model or module.
The calibrated model including behaviours should however be a requirement
in policies to mandate for the retrofit of buildings via MEES. Assessments of
actual performance after retrofit should also be required to help identify and

reduce performance gaps.

While significant carbon reductions from all buildings should be mandated,
this study also found that many vernacular buildings are perceived to perform
well by their residents and demonstrated the importance of identifying and
retaining positive aspects of vernacular building performance (Section 6.6
and 6.7). Commonly used justifications for retrofitting vernacular buildings
should be interrogated and may need revising, as poor energy and comfort
performance may be less of an issue than is generally assumed. The recent
PAS35 standard may help to encourage a more detailed approach to the
assessment of actual building performance. The potential benefits of ‘soft’
retrofits has been another important finding of this research and suggests
that there may be significant opportunities for carbon reduction through the
deployment of these measures, either individually, or as complementary
actions to a larger package of retrofit (Sections 5.3, 8.5 and 9.8). There may
also be positive synergies between these measures and an increased
consideration of residents’ energy behaviours. Many soft retrofits furthermore
have the potential to be installed by the residents themselves, thus reducing

pressure on the construction industry.

Linked to this finding is the importance of lifecycle carbon. Policymakers
should ideally mandate the consideration of embodied carbon costs as well
as operational carbon savings for all retrofit projects, as this has important
ramifications (Section 8.4). Further, it should be ensured that retrofit
measures and projects do in fact achieve lifecycle savings, as the lifecycle
analysis in this research has shown that this is not a guarantee (Section 8.5).
In some countries the calculation of lifecycle carbon is now being mandated
through inclusion in building regulations and linked to the granting of

planning permission for new build and substantial retrofit (Kuittinen and
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Hakkinen, 2020). The calculation of lifecycle carbon is likely to continue to
become less onerous as environmental product declarations (EPDs) become
available for ever more products (Anderson, 2022a). This research has

emphasised the critical importance of a lifecycle approach for retrofit.

Overall, this research has found that an approach is needed that considers
residents and their buildings as having individual and context specific
interdependent relationships. Such an approach must take a holistic view of
factors including the values, views, and behaviours of residents and the
actual construction, condition, and energy performance of their buildings,
from a lifecycle perspective, to inform the most appropriate retrofit measures.
There is no single solution or set of solutions that will be appropriate for
every context and every home, but there will be ways to reduce carbon while
retaining heritage if an approach that acknowledges and accounts for these
varied factors is taken. Such an approach is needed if the retrofit of
vernacular buildings is to be increased to the scale required to meet climate
goals and to mitigate climate change, while retaining the heritage values of

the buildings that shape our urban and rural built environments.



Figure 10.1: CS15 and CS16



Chapter 11. Retrofit to retain heritage and reduce
carbon

11.1 Limitations and future research recommendations

The findings of this research have begun to fill some of the gaps identified in
the literature, and a number of areas for further research have been
identified as a result, and because of the inherent limitations of a single piece
of research by one individual.

Because this research has focussed on a particular geographic area it is
context specific. However since the findings suggest vernacular buildings
and residents, -and therefore appropriate retrofits- are individual and context
specific, it is likely that the results are relevant to other vernacular buildings
in other contexts. Because patrticipation in the research was voluntary those
who took part are likely to have a prior interest in the issues investigated,
thus providing a level of positive confirmation bias. The cases and survey
however covered a good range of different attitudes, behaviours,
demographics, and levels of wealth and energy demand. In addition,
because a range of topics around heritage and energy were considered,
some residents were more focussed on heritage aspects and some on

sustainability, thus providing a range of views.

Further research with residents in rented accommodation would be likely to
produce a different perspective on the barriers and opportunities for
retrofitting. Residents might also have a different relationship with their
building and the heritage values that they might invest in it than owner-
occupiers. Further research with residents in rented properties could

therefore be useful.

It would also be interesting to undertake similar research in a very different
area to Cumbria, for example a densely populated urban setting or another
country, to see how much findings differed in different contexts. It may be

that residents in an alternative setting would have less of a connection with

their wider environment, or local materials for example. However their
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connection might just be expressed differently since previous urban studies
have identified that residents still invest heritage values in their homes
(Fouseki et al., 2020; Eriksson, 2018; Sunikka-Blank and Galvin, 2016).

Large scale research into the comfort perceptions of residents in both
heritage and non-heritage buildings would also be valuable. Research into
residents’ perceptions of comfort could also be supported by quantitative
measurements of indoor environmental quality across a range of parameters
to form a fuller view of how the UK building stock actually performs. This
type of research would provide a better understanding of residents’
motivations for retrofit and potentially help to identify groups or building types
to prioritise. Residents who identify as being in fuel poverty for example are
likely to have much more negative perceptions of thermal comfort and
therefore probable different attitudes to retrofit (de Chavez et al., 2017).

This research has found some suggestions that residents’ energy behaviours
may be influenced by the historic nature of their buildings. It would be
valuable to pursue this further, perhaps through a comparative study of the
behaviours of similar households in vernacular and more modern buildings.

This could help inform retrofit policy and tools for these buildings.

Cost was identified as a significant barrier to retrofit by the residents in this
research and general consideration of the likely financial impact of the
modelled retrofit measures was provided. However, in the future, financial
calculations could add a more nuanced and detailed understanding of the
likely scalability of the measures identified and their economic viability for

individuals and at a national level.

There were some challenges with the more detailed energy modelling. The
appropriate modelling of insulation to ground floors and the use of specific
sizing data for ground source heat pumps could not be resolved. This means
that these results are likely to be less accurate. Efforts were made to mitigate
these challenges as much as possible and to explicitly acknowledge where

they might affect the results.
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Further opportunities to test baseline models and calibrate them with
additional data would therefore be beneficial to improve the veracity of
models and to improve understanding of the retrofit effects for these
buildings. Additional data collection methods such as the use of data loggers
to gather temperature and energy data over a prolonged period, on site
weather monitoring, the use of blower door tests, or similar, to determine
specific air infiltration for each case study building, and in-situ u-value
measurements of key construction assemblies would all be beneficial in a

future project if greater financial resources were available.

The need for enhanced ventilation post retrofit was considered unlikely and
thus not included in modelling because of high baseline ventilation levels and
residents’ active engagement in managing ventilation but more detailed
consideration would be valuable. Assessments of the hygrothermal impact of
the retrofit measures were also not undertaken due to time and cost
constraints. Measures considered likely to present issues were highlighted in
the text and precautionary principles were used. However further, more
detailed investigation of this topic would be valuable to understand

maladaption risks.

There were also challenges with data for some of the operational and
embodied assessments, such as modelling the effect of wall hangings or
calculating the embodied impact of curtains. These challenges required a
number of assumptions to be made and for proxies to be used in some
cases. These proxies and assumptions were based on conservative
estimates to reduce over-reporting of their efficiency. Furthermore, for the
embodied assessment some elements were not possible to assess, such as
the impact of the scaffolding which would be required to install some
measures. Most A5 stage impacts were therefore not assessed, although for
retrofitting it is unlikely that this phase would result in a significant proportion
of the total embodied emissions. The lifespans of products were also taken

from manufacturer data, which may not be reflective of real-world
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performance. The cumulative effect of these aspects is that the embodied

impact of the individual retrofit measures will have been underestimated.

Where possible, the assumptions that have been made have been explicitly
stated so that they can be interrogated and so that the process is replicable.
Underlying data has also been made available where this does not prejudice

participant anonymity.

Much more data on, and assessment of, the embodied and lifecycle impact
of different retrofit measures and packages to identify measures that lead to
the greatest lifecycle savings is therefore needed. Studies which just focus
on operational impacts should be encouraged to also consider an embodied
and lifecycle perspective and this needs to be a significant area of future
research.

Finally, further investigation into what this research has termed ‘soft retrofits’
would be beneficial, to quantify the energy and comfort impacts of these soft
retrofits through experimental empirical research. It would also be worth
examining how these effects could be assessed in energy simulation models,
given that these measures have some of the greatest potential to be rapidly

enacted and therefore begin making savings.

11.2 Conclusions

Reducing emissions from the built environment, including the significant
proportion of vernacular buildings with heritage values, is a critical priority to
help meet climate targets and prevent devastating climate change (IPCC,
2022b). Both the scale and effectiveness of retrofitting these buildings needs
to be significantly accelerated, in order to reduce carbon while retaining the
heritage values that shape the character of urban and rural areas (Wade and

Visscher, 2021; Herrera-Avellanosa et al., 2019).

The aim of this research was to investigate the potential for realistic carbon

reduction from vernacular residential buildings while retaining their heritage
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values. Three research questions and eleven sub-questions framed the
research (Figure 11.1) and were explored in the context of vernacular
buildings in the County of Cumbria through a case study research design
and a range of mixed methods, involving a wide range of different buildings,
and residents with a range of household characteristics, behaviours, and
views. The questions were informed by an exploration of the literature. This
identified that the views, values, and behaviours of residents required more
investigation to understand their impact on energy use and retrofit decisions,
as did the ability of energy simulation models to reflect heritage building
performance, and the lifecycle impacts of retrofit measures.

Figure 11.1 Research aim, questions and sub-questions revisited
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In responding to the research questions, it was found that, to identify the
potential for retrofitting to reduce carbon and retain values, residents and
their buildings must be understood as having an interdependent relationship.
Residents’ heritage values, and the connections that they feel to their
buildings, determine the acceptability of retrofitting. Heritage values also
affect perceptions of comfort. These comfort perceptions play a significant
role in determining residents’ energy behaviours which strongly influence the
energy used in the building. This energy use then needs to be more
accurately reflected in energy simulation models in order to identify the
energy and carbon-reduction potential of retrofit measures. These measures,
or packages of measures, also need to be assessed from a lifecycle
perspective to ensure actual carbon savings are achieved. This intermeshed
relationship of residents and their buildings is currently not understood, nor
included in retrofit policies. It must therefore be given much greater
prominence in both policy and practice if the maximum carbon savings are to

be made.

The significant values that residents invest in their buildings are currently
unacknowledged in policy approaches and have received very little research
attention (RsQ1a). Given their significant effect on the acceptability of retrofit
options and therefore their enactment by residents, however, this needs to
change (RsQ1d). If retrofit activity is to be scaled up, retrofit ‘offers’ through
government schemes need to take account of these values and help
residents to negotiate measures that are acceptable to their values. The
values of Cumbrian residents appear to have a strong and specific local
connection however this is likely to have parallels in other areas.
Informational barriers mean that residents are often not aware of any
acceptable retrofit measures or lack trust in the information sources. Access
to specific and trusted information is therefore a key barrier which needs to
be addressed, along with the cost of measures and access to suitable
tradespeople (RsQ1e). One stop retrofit shops and local peer-to-peer

information networks may help mitigate some of these barriers.
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The energy behaviours that heritage residents engage in (RsQ1c), and their
comfort perceptions (RsQ1b), also differ from standard assumptions and
may be influenced by their heritage values. Climate goals will not be met
without widespread behavioural, as well as technical changes (IEA, 2021),
SO greater engagement with actual residential behaviours is critical. There is
a need for national conversations on acceptable and desirable levels of
comfort and on the types of behavioural changes that could be encouraged
for carbon reduction. Approaches to retrofit should engage with residents’
behaviours and motivations to encourage positive low energy behaviours.
This research has also shown that more attention should be paid to ‘soft
retrofits’ which, while challenging to model and often considered to be
outside the traditional scope of retrofitting, have the potential to improve

comfort and reduce carbon at low financial cost.

Better models are needed to assess the energy used in vernacular buildings
and thus reduce the performance gap between actual and predicted carbon
savings (RQ2). In particular, RASAP, the model used for producing EPCs,
should not be used to inform the retrofit of vernacular buildings in its current
form as it is not fit for purpose (RsQ2b). To provide a more accurate
representation of building energy demand, and to inform retrofit, models
need to take residents’ behaviours into account, better reflect traditional
construction and be calibrated with actual measured energy demand (RsQ2a
and RsQ2c). The positive aspects of older buildings, such as excellent
summer performance, should be acknowledged in retrofit approaches and
retrofits should enhance or at least not inhibit these aspects. More
recognition of, and support for, maintenance and moisture management for

older buildings is also required.

Retrofit approaches must consider the lifecycle impact of different measures,
not only their operational impact, because embodied carbon was found to
significantly affect the carbon saving potential of measures (RsQ3a). These
measures need to be considered in combination (RsQ3b) and in the context

of residents’ views, values, and behaviours, if they are to lead to actual
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carbon savings (RsQ3c). Single measure approaches will not produce

sufficient levels of carbon reduction and there is no one-size-fits all solution.

In conclusion, this research has identified significant constraints resulting
from current retrofit approaches which often focus on technical aspects, rely
on inaccurate standard assumptions and models which are not fit for
purpose, and neglect the role of residents. Current levels of retrofit are
therefore not leading to the carbon reductions required from the existing built
environment to mitigate climate change. However this research has also
shown that lifecycle carbon reductions from heritage buildings, which are
consistent with crucial global (IPCC, 2022b) and European (European
Commission, 2020) carbon reduction targets for 2030, are both possible and
realistic while still retaining heritage values. To do this however requires an
approach which treats residents and their buildings as having a symbiotic
relationship. This holistic approach must take into account the specific
values, motivations and behaviours of residents, the actual performance of
vernacular buildings, and the lifecycle carbon of retrofit measures. Only then
will it lead to the scale of retrofit for existing residential buildings which is
urgently needed to help mitigate the climate crisis and avoid devastating

climate change.
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Appendices

Appendix A) Details for pre-survey scoping interviews with
local conservation and sustainability experts

A1) Scoping interview Information sheet

Research study participant information sheet

Reducing Whole Life Energy and CO2 Emissions in Cumbrian Heritage Buildings
Principal Researcher: Freya Wise

If you have any queries, in the first instance please contact Freya Wise at:
Email: i

Telephone: 01539 732918

Address: Department of Engineering and Innovation

The Open University

Walton Hall

Milton Keynes

MK7 6AA

If you wish to speak to someone else about this project please contact Alice Moncaster at:

Invitation paragraph

You are being asked to take part in a research study. Before you decide whether or not to take part, it is
important for you to understand why the research is being done and what it will involve. Please take
time to read the following information fully. You have been asked to participate because you have some
knowledge of heritage or sustainability or because you live in a heritage building.

General information about the research study and collected research data
The wider purpose of this research is to look at ways of reducing energy and CO2 emissions from
heritage buildings. There are a number of key research areas that we hoping to investigate.
These areas are:
1. How people who live in heritage buildings feel about their heritage buildings in terms of the
buildings’ heritage value, their energy performance and indoor environment?
2. What is users’ energy behaviour within their heritage buildings and how does this effect energy
use?
3. What is the whole life carbon impact of different retrofit options and how acceptable are different
options to residents and planners?

As someone from Cumbria with knowledge about/interest in heritage/sustainability your opinion would
be valuable in a number of ways:

[1 Do you think that the research gaps we have identified are relevant to Cumbria?

1 What key issues do you think heritage buildings are facing in a Cumbrian context?

[0 What sort of changes do you think would be acceptable reduce carbon from heritage buildings?

Your participation would take the form of an informal interview with the researcher to discuss some of
these issues and your opinion would be really useful to help us develop our project.

This research forms part the researcher’'s PhD project with The Open University, it is being funded by
the Design Star Centre for Doctoral Training: : i

The project has been registered with and approved by the Open University’'s Human Research Ethics
Committee and the ethics reference number is: HREC/3182/Wise.

What will | be asked to do if | agree to take part?

If you choose to take part in this research project you would be invited to meet the researcher at a time
convenient to you for an informal interview of approximately one hour to one and a half hours duration.
This interview would involve a discussion about the issues above and your broader opinions on
heritage buildings and sustainability in Cumbria. With your permission the interview would be audio
recorded so that we would have an accurate record of the discussion which could then be transcribed.

This study should be beneficial to our understanding of how to make heritage buildings more
sustainable while preserving their heritage values. Your participation will help shape the research so
that it is of practical and local relevance. It is hoped that some Cumbrian specific guidance for heritage
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building owners and other stakeholders such as sustainability organisations and local policy groups will
be produced once the research project is completed. If this is something that interests you we are
happy to share our findings with you once we have completed our analysis.

Participation is entirely voluntary and it is up to you if you wish to take part or not. If you do decide to
participate you will be given a copy of this information sheet to keep and asked to sign a consent form.
If you decide to participate then later change your mind you can decide to withdraw at any point without
giving a reason.

How will the data I provide be used?

The audio recording of the interview will be transcribed and as soon as this is completed the audio
recording will be securely deleted. Transcripts and other data that you provide us with will be stored
securely on an encrypted and password protected laptop and on a secure server in line with The Open
University’s Data Protection Policies. We will require your name and signature on our consent form. If
you would like to be contacted with the research findings there will be an option for you to give us your
email address. Consent forms will be transferred to a secure electronic format and physical copies will
be securely destroyed. The data you provide us with and its analysis will be used to inform our research
project, and will form a part of the researcher’s PhD thesis. It may also be used by the researcher in
other publications such as research journals, research reports and conference presentations.

It would be useful for our project if we could attribute quotes from you in our research outputs. This
does however mean that you would be identifiable and any comments you made would be linked to you
in any research publications. It would be clearly understood that any views expressed were that of the
individual not the organisation. If you would like to take part in the research but not wish to be identified
that is perfectly alright and the data and any quotes can be anonymised. Heritage and sustainability is
not deemed to be a sensitive topic in the UK and there shouldn’t be any risks to having your comments
attributed but it is completely up to you. If you wish you may ask for any sections of the interview to be
deleted or any section or the whole interview to be anonymised. You may also withdraw your consent
up to two months after the date of your interview in which case your data will be securely destroyed and
not used in any research publications. A copy of the transcript can be sent to you after the interview if
you wish to review it.

There is an obligation of researchers to make their data available alongside their research publications,
this includes research journals, publications etc during and after the project. After the project’s
conclusion your data (the interview transcripts) will placed in the Open University’s Institutional
Depository, ORDO where it will remain for ten years in line with the Open University’s data retention
schedule. Before the data is be shared it will be anonymised. Data will not be stored outside the EU.

Your right to withdraw from the study

1 You have the right to withdraw from the study at any time before the interview by emailing the
researcher, you do not have to give a reason.

1 You have the right to withdraw from the study at any time during your participation by asking for
the recording to stopped and leaving the interview, you do not have to give a reason.

[J You have the right to ask for your data to be deleted after your participation in the study by
contacting the researcher on the email address provided, up until two months after the
interview, when the data will have been used to inform the development of the survey.

How do | agree to take part?

If you do decide to take part please email the researcher and we will arrange an appropriate date and
location for the interview where you will be asked to sign the attached consent form before proceeding
with the interview.

Thank you
Thank you for taking the time to read this information sheet and considering whether you would be
interested in taking part in this research.

Data Protection

The Open university is the Data Controller for the personal information that you provide. The lawful
basis for processing your data will be that conducting academic research is part of the Open
University’s public task. (the consent we request from you relates to ethical considerations).
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We may share the information (ie interview transcripts) that you give us with other researchers
alongside research publications as part of our commitment to making research data open. This data will
be anonymised as described above before being made available.

You have a number of rights as a data subject:

To request a copy of the personal data we have about you

To rectify any personal data which is inaccurate or incomplete

To restrict the processing of your data

To receive a copy of your data in an easily transferrable format (if relevant)
To erase your data

To object to us processing your data

If you are concerned about the way we have processed your personal information, you can contact the
Information Commissioner’s Office (ICO). Please visit the ICO’s website for further details.

http://www.open.ac.uk/research/ethics/
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A.2) Scoping interview consent form

Informed Consent for Reducing Whole Life Energy
and CO2 Emissions in Cumbrian Heritage Buildings
Freya Wise

Postgraduate Research Student

Department of Engineering and Innovation

Please tick the appropriate boxes Yes  No

1. Taking part in the study
| have read and understood the study information dated 11/04/2019, or it has been read to me. | have
been able to ask questions about the study and my questions have been answered to my satisfaction. O O

| consent voluntarily to be a participant in this study and understand that | can refuse to answer
questions and | can withdraw from the study at any time up until two months after the date of my | |
interview (when the data will have been analysed) without having to give a reason.

| understand that taking part in the study involves an informal, audio recorded interview.

| agree to the interview being audio recorded and transcribed. o o

2. Use of the information in the study

| understand that information | provide will be used to help develop the research project and will form part of the
researcher’s PhD thesis. As well as potentially being used in research publications such as journal articles,
conference papers and research reports.

| understand that personal information collected about me that can identify me, such as my name or my address, will
not be shared beyond the study team unless | explicitly give permission for my opinion to be attributed to me and be
shared in research outputs.

| understand that my data will be stored securely in electronic format on an encrypted, password protected laptop and
on a secure server and that the physical copy of this form will be stored securely under lock and key for the duration of
the research project (estimated 3 years). After which it will be anonymised and stored securely in an institutional
depository for ten years in line with funder requirements.

Yes No
o | agree that my information can be quoted in research outputs in an anonymised format. O O
e | agree that my name, and organisation (if applicable), can be used in quotes in research outputs [ O

3. Future use and reuse of the information by others

| give permission for anonymised transcripts of the interview that | attend to be deposited in a specialist data centre
after it has been anonymised, so it can be used for future research and learning. The data will be de-identified by
providing an anonymised attribution i.e. ‘Cumbrian Sustainability Professional’ or ‘Cumbrian Heritage Building Owner.’
An appropriate creative commons licence will be placed on the data. After the project is complete this consent form
will be digitised and securely stored for as long as the research data is retained. The original consent form will be
securely destroyed by means of shredding.

e | would like to be contacted with the results of the research and agree to my email being used for this
purpose. O m]

4. Signatures

Name of participant [IN CAPITALS] Signature Date

This research project on: Reducing Whole Life Energy and CO2 Emissions in Heritage Buildings has been reviewed
by, and received a favourable opinion, from the OU Human Research Ethics Committee - HREC/3182/Wise
http://www.open.ac.uk/research/ethics/
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A.3) Scoping interview schedule

Section 1
Could you describe to me what you think a heritage building is?
What is your involvement with heritage buildings?

What is your opinion of heritage buildings in a Cumbrian context, what, if
anything do you think they add to the area?

Section 2
What key issues do you think heritage buildings might be facing in Cumbria?

Do you think that the research gaps that we have identified are relevant to
Cumbria?

Can you identify any other gaps that might be more relevant?

Did you know the Lake District National Park is now a World Heritage Site
and if so do you have a strong opinion on this?

What effect do you think this might have on heritage buildings in the park?
Section 3

What sort of questions do you think it would be useful for us to ask in our
survey?

Do you have any thoughts about how we might get this survey to reach a
good selection of people?

Do you have any thoughts about stakeholders who it would be useful for us
to engage with?



Appendix B) Full copy of survey questions

Heritage values and energy use in older
Cumbrian buildings

Page 1: Introduction and permissions page

Heritage values and energy use in older Cumbrian buildings
Invitation paragraph

You are being invited to take partin an online survey for a research project. Before you
decide whether to take part please read the following information so that you understand
why the research is being done and what it will involve.

We would like to invite you to take part if your home was built before 1940 and is situated
in Cumbria.

General information about the research study and collected research data

This research is part of a project looking at how to reduce energy and carbon emissions
from older buildings in Cumbria without damaging their heritage value. The part of the
research that you are being invited to take part in today is an anonymous online survey
investigating:

e What people value about their buildings
e How they use energy in their buildings

e What changes they might consider making to reduce their building’s energy use and
carbon emissions.

The data from this survey will be really useful to help develop our understanding of these
issues in a Cumbrian context. It will help inform the development of several in depth case
studies which will form the next stage of the project.

1/28
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This research forms part of the researcher’s PhD project with The Open University. Itis
being funded by the Design Star Centre for Doctoral Training:
https://www.designstar.org.uk.

The project has been registered with and approved by the Open University’s Human
Research Ethics Committee and the ethics reference number is: HREC/3233/Wise.

What will | be asked to do if | agree to take part?

If you choose to take part you will be asked to fill in an online survey about your
experience of living in your home, how you use energy for heating and lighting and what
sort of alterations you might consider making to reduce your building’s energy use. The
survey should take you around 10-15 minutes to complete.

Your participation will really help to increase our understanding of these areas and
particularly in the context of Cumbria. One of the outputs from this project will be some
Cumbrian specific guidance.

Your right to withdraw

Participation is entirely voluntary. If you do decide to take part you will be asked to tick the
consent boxes at the bottom of this page. If you participate you are still free to withdraw
from the survey at any time and without giving a reason by closing the webpage. At the
end of the survey you will be asked to confirm that you are still happy for your answers to
be included in our analysis.

Data Protection

Your answers to the survey questions will be completely anonymous and we will not be
able to trace them back to you as an individual. No personally identifying information will
be collected. All the survey data will be kept securely in an electronic format. This survey
uses the JISC Online Surveys tool; JISC do not collect cookies or IP addresses when
administering the survey.

Data from the survey will be aggregated and analysed. Results from the analysis will be
included in research publications, such as journal articles, conference papers and other
publications. Upon completion of the project the anonymous, aggregated survey data will
be stored in the OU’s data repository in line with the aim of making research open.

Contact Details
Principal researcher: Freya Wise

If you have any queries, in the first instance please contact Freya Wise

2/28
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Email: freya.wise@open.ac.uk

Address: Department of Engineering and Innovation
The Open University Walton Hall

Milton Keynes

MK7 6AA

Website: http://www.open.ac.uk/people/fw939

If you wish to speak to someone else about this project please contact Alice Moncaster
at: Alice.moncaster@open.ac.uk

How do | agree to take part?

If you want to take part click the consent buttons to confirm that you have read this
information sheet and are happy to take part, then click next to start the survey.

Thank you for taking the time to read this information!

Having read the information above are you happy to take partin this survey?
Required

| have read and understood the information and am happy to take part

7 | do not wish to take part

Having read the information above are you happy for data (such as anonymous
quotes) from the survey to be used in research publications and presentations?

1

Yes in publications and presentations
No

Only in publications

R

Only in presentations

3/28
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Page 2: The Basics

This sections asks some basic questions about your building and your household

In what district of Cumbria is your building located?

What type of building is it?

~
(@
IS
IS
(@

Detached
Semi-detached
Terraced

End of terrace
Flat

Can you characterise it?

~
-~
(@
e
e
o
e
(@

If you selected Other, please specify:

Farmhouse
Cottage

Barn conversion
Suburban house
Stately home
Castle

Peel tower
Other

41728
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Where is your building located?

¢ Rural
— Village
« Town
 City

Is your building any of the following? (tick all that apply)

1

Grade | listed

Grade II* listed

Grade Il listed

In a conservation area

In the Lake District National Park

I e

In the Yorkshire Dales National Park

1

None/unprotected
Other

1

If you selected Other, please specify:

Do you own your home oris it rented?

5/28
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~ Owned (including with a mortgage)
© Rented

How old is your building to the nearest decade? If developed over time
please give the date for the largest existing part of the building. (Please
give in date format, ie 1820s rather than 200 years old).

If developed over time how old is the oldest still existing part of the building to the
nearest decade?

6/28
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Page 3: Heritage

This section asks some questions about what you value about your building.

Heritage value can include things like historic value, uniqueness,
aesthetic values, values for the local community (i.e. a local landmark),
forming part of a distinctive landscape eftc although this is not exhaustive.

Do you consider your building to have heritage value?

 Yes = No

What is most important to you about your building and its locality?

Please don't select more than 1 answer(s) per row.

Very Slightly Not
important Important important  important N/A
Age r r r r r
Architecture r r r r r

History of type of
building (eg r r r r r
victorian terrace)

History of specific
building (eg events

i i L r r r r
relating to this
building)
Local community r ~ ' - -
Inherited — F r ~ -
Local services — — ' - -
Price — F r - -

7128
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Views

Specific location
Family home
Heritage value

Characterin the
landscape

Original historic
features (please
detail in 'other' box)

The particular
materials (please
detail in 'other' box)

Specific features
(please detail in
'other' box)

Size of building

Traditional
construction

Other

N AEREN

1

O T

B
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T
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Are there any specific heritage aspects to your building, either physical or to do with its

history, that you value but that other people might not notice or know about?

8/28
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Page 4: Energy

This section asks some questions about your thoughts on reducing energy and carbon
emissions in heritage buildings

The government has recently committed to the UK achieving net zero carbon emissions
by 2050 to help mitigate climate change. What level of responsibility do you think different
groups have for reducing energy use and carbon emissions from heritage buildings as
part of these broader efforts?

Please don't select more than 1 answer(s) per row.

No Little Some Lots of Full
responsibility = responsibility = responsibility = responsibility responsibility
Building
. r r r r r
professionals
Energy
. r r r r r
companies
English
! r r r r r
Heritage
Governments r r r r r
Homeowners r r r r r
Local
" r r r r r
authorities

Do you think it is more difficult to reduce energy and carbon emissions from heritage
buildings than from more modern buildings?

Much Slightly About the Slightly Much
easier easier same harder harder
Tick one r r r r r

9/28
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Would you like to reduce your building's energy use?

No, not Yes,
really Maybe Yes definitely
Tick one r r r r

What do you currently do, and what might you be willing to do, to reduce your energy use
in your building?

Please don't select more than 1 answer(s) per row.

Currently . Wouldn't Not
do Might do do applicable
Making sure lights are turned off
. . r r r r
when room is not in use
Only heating parts of the building
. . r r r r
that are actively in use
Reducing the number of
. r r r r
machines left on standby
Reducing hot water use r r r r
Turning heating off when away r r r r
Turning the heating temperature
r r r r

down

Wearing extra clothes when it's
cold ie jumpers, slippers, r r r r
dressing gowns etc.

No heated Bedrooms r r - -
Using 'smart home' technology - r - -
Other (please detail) - - - -

If you ticked other please give details

10/ 28
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Page 5: Energy Systems and Behaviour

This section asks some questions about how you heat your home.

If you have central heating what fuel does it use?

Gas central heating

Oil central heating
Electric central heating
Biomass central heating
No central heating
Other

S TS Te NS B |

If you selected Other, please specify:

What types of heating/cooling do you use in your building? (Question 24 asks about
renewable energy technologies).

Please don't select more than 1 answer(s) per row.

Normally ~ Often  Sometimes Rarely Never | Do not

use have
Air conditioning r ' r - - -
Coal fires — r r - - -
Electric fires - ' r r - -
Wood fires ' ' r r - -
Wood stove ' r r - - -
Gas fires r r r - - -

12/28
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Radiators

Solid fuel

range (eg Aga

or similar)

Storage
heaters

Underfloor
heating

Ceiling fans
Portable fans

Portable
heaters

Hot water
bottles

Other (please
detail)

Other:

What heating controls do you have? (tick all that apply)

L e e

Other

One thermostat

Room thermostat

Radiator thermostats

Computer controlled system

13/28
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If you selected Other, please specify:

At what temperature do you generally have your main living space?

If you selected Other, please specify:

When your heating is on, how long is it generally on for?

Once a day

Twice a day

All day

P
i
T Intermittently
P
7 All day and all night

In an average year which months do you generally heat your building for? (tick all that
apply)

I~ January I~ February ™ March
I~ April r May r June
I July ™ August ~ September
™~ October ™~ November ™~ December

141728
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Page 6: Comfort

This section asks some questions about how comfortable your building is to live in.

How do you use your windows for comfortin Summer?

Always Often Sometimes Rarely Never

All windows are

r r r r r
open
Some windows are

r r r r r
open
A few windows are

r r r r r

open

How do you use your windows for comfort in Winter?

Always Often Sometimes Rarely Never

All windows are

r r r r r
open
Some windows are

r r r r r
open
A few windows are

r r r r r

open

Overall how satisfied are you with living in your building?

Very . Fairly Fairly . Very
unsatisfied Unsatisfied unsatisfied satisfied Satisfied satisfied
Please tick
r r r r r r
one

Please use the following scales to indicate how comfortable your building is to live in.
16/ 28
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Thermal

Do you feel hot/cold in your building in:

Very hot Hot Warm
Summer - r r
Winter r r F
Would you like it to be warmer/cooler?
Much Warmer
warmer
In summer r r
In winter r r

Ventilation

Do you find your building draughty/stuffy in:

Very Slightly

draughty Draughty draughty
Summer r r r
Winter r r r

Would you like there to be more/less ventilation:

Much less Less
In summer I r
In winter I r

Air quality

Reducing carbon - retaining heri