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Abslract

The operational phase of a building project has increasingly gained importance with their
energy performance becoming valuable and delermining their operational excellence. In
most heritage building projecls (HBPs), the operational energy use aspecls are less
considered, and a systematic way of analyzing their energy performance following
project delivery is often lacking. The aim of this study is to evaluate the operational
performance of refurbishment and reuse of UK listed church projects. The objective is to
assess the operational energy use with a view to optimizing their sustainable
performance. The methodology includes eight selected case study buildings refurbished
and converted for multipurpose use. The case study approach provided qualitative
insights into how the study contributes to a more structured requirements for energy
management in HBPs with specific attention to energy-efficient building operations. The
findings show the need to focus on fundamental areas of operational management (i.e.
by developing and implementing more focused policy on operational energy
performance of heritage buildings) to minimize the energy required to operate them. The
challenges of implemenling changes in operalional energy performance improvement of
heritage buildings are addressed in the form of recommendations that could lead to real
results. The study concludes that leveraging these areas requires commitment from all
heritage building stakeholders because they all have substantial roles in harmonizing the
requirement for the project's sustainability and not just the building operators.

Meanwhile, baseline project planning, periodic updating, monitoring, and managing the
energy use pattern are suggested as measures that could greally facilitate better energy
performance to oplimizing their sustainable reuse compared with the traditional
approach oftrying to improve their thermal performancs.

Keywaords

Heritage buildings; Listed churches; Operational energy; Performance; Refurbishment;
Sustainabllity

1. Introduction

Current evidence suggests that by 2050, an 80% reduction in carbon emissions will be

fequired by developed countries to avoid the damaging levels of climate change

g‘r\isf-\s{echnotogy Report, 2010). The refurbishment of old buildings could cut in carbon

Carbo:f:uof the UK by upto 60%‘by 2050 (Power, 2010). According tp estimates by
St, non-domestic buildings in the UK account for close to 20% of all carbon
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1. Introduction

Current evidence suggests that by 2050, an 80% reduction in
carbon emissions will be required by developed countries to
avoid the damaging levels of climate change
(AEA Technclogy Report, 2010). The refurbishment of old
buildings could cut in carbon emissions of the UK by up to
60% by 2050 (Power, 2010). According to estimates by
Carbon Trust, non-domestic buildings in the UK account
for close to 20% of all carbon emissions (Kelly, 2010).
Essentially, significant savings could be made through the
improvement of energy efficiency in non-domestic heritage
stock if long-term emissions are to be reduced. Thus,
reduction in CO, emissions and the national dependency
on finite fossil fuel resources can be achieved via major
conversion/refurbishment of HBPs. This objective under-
scores a need to investigate energy use in buildings at both
local and global levels to identify practical solutions at
each level.

Using energy inefficient buildings locally will lead to
greater energy consumption and wasteful utilization of
resources with global effects. Meanwhile, if local problems
are not sufficiently addressed, then they become global
most especially when they are allowed to happen on an
everyday basis all over the world. Therefore, seeking other
possible approaches and sustainable solutions to curtail
energy use in heritage buildings is important. According to
Cassar (2009, p. 7), historic buildings must also fully engage
in the process of “adaptation to climate change," lest they
become redundant and succumb to “environmental obsoles-
cence.” Recommending a “long life, loose fit” strategy to
managing historic buildings, the author implies that sustain-
able design practices must adapt to the particular circum-
stances of each building rather than be applied broadly to
the entire built environment.

1.1. Research purpose and objectives

The purpose of this study is to evaluate energy performance
of reuse listed church projects. To evaluate the energy
performance of these projects, this study investigated the
operational energy performance In reuse projects that
involve listed churches converted for multipurpose use.
The objectives include the following: (i) to investigate the
causes of energy consumption in refurbishment and reuse
listed heritage building projects and how it affects their
performance; (ii) to determine the practical strategies
required to deal with the cause based on a field survey
conducted on selected buildings and; (fii) to make recom-
mendations on how the gap in current knowledge of
performance of heritage buildings in the operational phase
could be bridged.

2. Literature review

Older buildings across Europe are kczlfg:::lt‘)‘c"’l’; of the
ck. In the UK, tra al bulldings are
existing bulilding sto 919 (DCLG, 2010), and according o

i re-1 ‘
E?ﬁf? (I-Tszf (azso lpsa these were years wher:| building regula.
tions were completely updated. The traditional buildings
are thus historically valuable bulld!ngs that align with the

quhart (2007) and Drewe (2007)

airs ted by Ur
definitions presented by (solid) walls with little or no

as having mass masonry
insulation built into their fabric and have a single glazed

window and high air infiltration levels. As part of the UK
planning apparatus, in 1947, because of the value of these
historical buildings, they became “listed” to protect their
historic fabric and to ensure their appropriate conservatfon
and preservation (English Heritage, 2004).

The listing of historic buildings thus relates to their inner
and outer configurations (i.e., windows, door, roof, walls)
requiring planning permission before they can be modified
and/or their essential nature or character can be changed.
By 2014, 374,081 listed buildings are already in existence in
England alone. The greater parts of listed buildings are of
advanced age with essential and growing requirement for
their constant repair and maintenance as their age
increases. Given the era in which traditional buildings were
constructed, different assumptions exist in relation to their
properties, such as their energy demand, energy use
Intensity, and total emissions related to their age. The
assumptions are based on the premise that the age of these
buildings influences their capacity to adapt the latest and
the most efficient technologies (Coles et al., 2015).

According to Levine et al. (2007), when the properties
and the technologies they employed are older, their per-
formance is less beneficial, However, this assumption has
not been verified in the case of refurbishment and reuse of
listed churches. In major cities and urban areas across the
UK, most listed buildings are considered “hard-to-treat"
buildings, such as churches, and warehouses. Coles et al.
(2015) indicated that initial preliminary studies show that
the “Listed Building Status” may represent a barrier to
improving the energy performance of buildings most espe-
cially when they are introduced not only to newer technol-
ogies (e.g., solar panels, solar water heating, and wind
turbines) but also to more modest measures, such as double
and triple glazing (Coles et al., 2015),

Improving the energy performance of these buildings
could be argued to be relevant not only to the users and
occupants of the buildings and their business operations but
also to the existing stock of heritage buildings, However, the
BSI 7913 (1998) encourages minimum intervention, a cau-
tious approach to conservation, and energy efficiency
improvement by not only putting the historic buildings into
consideration but also into the larger environment, This
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idea Is evident in BS| 7913 (1998, p. 7) which states that "in
global environmental terms, the balance of advantage
strongly favors the retention of existing building stock,
particularly when performance in terms of energy consump-
tion in use can be improved.”

Accordingly, English Heritage (2004, pp. 3-4) gave con-
sent to the improvement of energy performance by stating
that “retaining existing elements of construction in old
buildings and seeking to enhance their thermal performance
in benign ways rather than replacing them is a heritage
conservation principle in line with the concept of sustain-
ability.” Thus, conservation principles support changes that
could be made to historic buildings that would fulfill both
energy and building conservation principle.

2.1. Listed building refurbishment and
sustainability issues

Currently, the strong drive for sustainability of the built
environment and the desire to reuse or recycle existing
buildings is constantly increasing with corresponding pres-
sure for existing building stock that are listed because of
their heritage value (Akande, 2015). According to Harrison
and Oades 11997), a listed building is a structure that has
special architectural or historic interest recorded in a
statutory list. In England, listed buildings are classified in
grades to show their relative importance. Grade | refers to
buildings of exceptional interest and considered interna-
tionally important; these constitute 2.5% of all listed
buildings. Grade II* refers to buildings of particular impor-
tance and more than special interest; these constitute 5.5%
of all listed buildings. Grade Il refers to buildings of national
importance and of special interest; these constitute 92% of
all listed buildings (English Heritage, 2011). Figure 1 shows
the age range of listed buildings in the UK.

In the meantime, if listed buildings are to be acceptable
for other use, then refurbishing them will be necessary.
Other terms associated with refurbishment include conver-
<ion, renovation, retrofitting, and reuse of a whole building
following a process of modifications and alternations. These
terms imply that existing buildings are unusable in their
current state, Riley and Cotgrave (2011) defined refurbish-
ment as extending the useful lifespan of existing buildings
through the modification of their basic configurations to

I

Tt

B
i

provide a new or updated version of the original structure.
Ashworth (1996) defined refurbishment as a term that
originated from a combination of obsolescence and
deterioration.

According to Riley and Cotgrave (2011), refurbishment of
buildings is undertaken extensively in the UK for a variety of
reasons, such as buildings being of such merit that replace-
ment is less desirable. Most importantly, refurbishing exist-
ing buildings presents opportunities to add more value to
the building through the possibilities of reducing the carbon
cost of buildings through improved energy efficient design.
In addition to improved energy efficient design, Sodagar
(2013) argued that refurbishment of the existing buildings
contributes to safeguarding community heritage and pre-
serves the sense of attachment to a place, thereby justify-
ing the conservation of a building rather constructing a new
one. To achieve sustainable refurbishment, all principles of
sustainable energy efficient building design should be
exhausted where appropriate (Sodagar, 2013).

The concept of sustainability is discussed by Forster
(2010, p. 186), who indicated that sustainability has two
meanings within the context of building conservation phi-
losophy, namely, a “green" agenda and perpetuation of a
building’s utility. The author asserted that “the ability of a
building to be in continuous use is essential for its survival”
in which case “change must be sensitively managed.”
Similarly, this aspect is discussed in the ICOMOS Venice
Charter (1964, Article 5), which states that “the conserva-
tion of monuments is always facilitated by making use of
them for some socially useful purpose. "

Langston et al. (2007) opined that reuse of buildings has
become an integral strategy to ameliorate their financial,
environmental, and social performance. Thus, integrating
historic building conservation with environmental concerns
has become an innate feature of an agenda to support
sustainability (Stubbs, 2004; Bullen and Love, 2010). This
environmental concern in the reuse of buildings is also
acknowledged by other researchers (Diamonstein, 1978;
Robert, 1991; Murtagh, 1997; and Fitch, 2001) in historic
preservation.

The above literature indicates that conservation princi-
ples provide an essential framework for the implementation
of conservation projects, whether they are small-scale
interventions linked to historic building maintenance or
large-scale projects that involve adaptive reuse of a historic

@ Before 1600 -
15%

B 17th century -
19%

| 18th century -
31%

| 1Sth century -

W 1945 and later -
0.2%

Figure 1 Age range of listed buildings in the UK. Source: English Heritage (2011)
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building. While the conservation of listed buildings aligns
with the core principles of sustainable development, their
energy-led refurbishment is similarly important to their
sustainability. May and Rye (2012) noted the dearth of
research on energy use reduction within these specific asset
types and expressed the importance of addressing this
deficiency in relation to how they differ from other
asset types,

2.2, Overview of energy assessment of existing
buildings

A number of studies (Bell and Lowe, 2000; English Heritage,
2007; Building Research Establishment, 2009) indicate that
retaining and upgrading existing buildings is more efficient
and operational performance can be improved at less cost
than new construction. Itard and Klunder (2007), Braganca
and Mateus (2008), and Meijer et al. (2009) expressed the
view that the environmental impact of life cycle extension
through refurbishment is less than that of new construction,
A shift in research has occurred toward understanding the
compasition and the dynamic behavior of existing buildings in
relation to their operation, maintenance, and refurbishment.

Mithraratne and Vale (2004) developed a holistic approach
to analyze the life cycle of existing buildings. The survey
concentrated on the requirements and life cycle cost of
embodied and operational energy over the useful life of an
individual house. Their findings revealed the significance of
operational energy as an important component within the

se by the building. More )mp"’ténn,-
nsulation level are an esseni step
on the environment.

ted his findings on the 45« hot

life cycle and energy us
improvements to their 1
to reducing their impact

Boardman (2007) repo[;% of emissions of existing bu:tdfng

hat 6 |

ft?cj:cctoz?g g:eur;g(;uced. He then dezcrclzii :he Strategies
that could significantly lead to this rte ltlhe e : l_he Current
UK housing stock by 2050. According to ey 0r's findings,
7% reduction in energy demand was eveq: thereby
ab n reduction. An addition,| 334

leading to significant emissio
reduct?on wags achieved through the application of (oy 504
zero carbon technologies located in and around the by o

ings to provide energy for heating. The strateigy used by the
author could be argued to focus frxainly on increasing tha
demolition rate of existing buildings and has resulteq i,
bate.

ml:ihcg:trast to the recommendation of Boardman (2007),
Kohler and Yang (2007) suggested constant repair ang
renovation as opposed to increased demolition and rebuyilg-
ing to achieve reduction in the overall emissions from the
existing building stock in the UK. Lowe (2007) proposed a
20% cut in total delivered energy to reduce emissions by
60%. The above studies indicate that several approaches
exist in determining the energy use capacity of an existing
building. However, few studies have concentrated on inves-
tigating the operational energy use of existing buildings
particularly with specific reference to the reuse of listed
churches.

Literature findings indicate that operational energy con-
stitutes the principal part (approximately 85%-95%) of

@aims and objectives
]
X ¥

Literature review Development of
Review of related progress >4 Questionnaire/interview
on research area schedule
]
L v

Buikding identification and salection

v

Pilot survey and preliminary survey

}

= Physical observation, collection and
Questionnaire admmistration  —> calculation of annual energy use from

Interview with building managers

-\\ energy bill invoice

Data analysis and

Ny interpretation of results

A

Final report
interpretation of results

Figure 2 Methodological chart.
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enefdy Consumption within the life oycle of a builging
(563327, 2073), Technically, while the existing building
;ed«zmwnce can be significantly improved, ludwon et at
(20101 expressed concerns about increasing Stn.'\,"r:';-t
requirements for energy efficiency and focus on ra:i:vv-s
founded on operaticnal energy performance, thaet?v
resulting in conflict with cultural heritage significance and
values associated with heritage builcings. )

'To date, minimal research has been concucted to ceter-
mine the energy performance in the reuse heritage building
projects in the UK. Thus, the focus of this study is to
identify the current gap in knowledge specifically in relation
to the performance of reuse and refurbishment of licted
church buildings in the operational phase and how the gap
could be bridged.

3. Research design and methods

3.1. Study area

Audet and d’Amborse (2001) and Yin (2003) argued that
researchers select a site because of its convenience, access,
and geographical proximity, and others select a site that
they think can provide similar results or ones that are
completely different to answer the research gquestions
raised. East of England was selected for this study because
the region constitutes one of the highest number of church
conversions in the UK and has a good representative mix of
Grade |, Grade I1°, and Grade Il buildings. In general, the
selection of this site not only provides a representative mix
of grade of the buildings, but could also provide both similar
and divergent results, which could also provide a deeper
understanding of the problem under investigation (Audet
and ¢'Amboise, 2001).

In addition, the selection of the East of England was
inspired by the research problem under investigation. The
region has the third highest number of listed buildings in the
UK after South West and South East. East of England has
more than 2300 places of worship (Norfolk alone has mere
than 700) and the largest number of Grade | and Grade A
churches. Limiting the scope of this study to this site
ensures that the selected buildings share the same regional
identity and similar environmental characteristics and
challenges.

3.2. Research strategy

Figure 2 shaws the methodological chart of the research
strategy and design. A qualitative approach and interpreta-
tion of data using case study method is adopted for the
study. According to Yin (2014), as cited in Coles et al.
12013}, the case study approach presents two main oppor-
tunities, namely, a greater intensity of engagement
between the researcher and the subject, and the triangula-
tion of quantitative metrics with rich qualitative data to
make sense of complex phenomena. As recommended by Yin
(2014), a purposive sample was applied to select buildings
that were refurbished and converted for multipurpose use.
. B\.l‘:lm otgeratots or managers and owners were
“"p‘ wm‘ed °b‘°: their consent to use their buildings.
showed interest in taking part in the survey and

gave Content o reviewing thelr emegy (ONMHUTRLEN %

cperational management styles were contacted. The Case

ed
» ’ - . "

study approach has been adopted by other 1esearti@rt, Wi f
as Socagar 120131, who staled that the apDroach e7adied &
datailed analysis of potential improvement 10 e suitain

[ - ,
i

ability of busiding refurbishment and reuse ! wough Guant

.

foine rart 2
fying carbon emissions of different uses of the bustdings

1.3, Building selection strategy

The performance eva'uation was investigated by Avanae
(2015 within a troad range of four years of doctosal
research on energy management and the refurbishment of
UK listed church buildings. Sopmcifically for this stinty, a
purposive sampling ¢f potential butlding Cases was uwed (0
select eght UK {isted church buildings that were converted
for other uses 1o conduct the survey. This selected number
was determined by the building location, accessibility,
travel costs, and time factors. Accorging to Saunder ot al

(19371, no rules for sample size In non probability sampling
exist. Rather, the actual size depends on available resources
and the logic behind the sample seloction. Thus, the
adopted sampling method and the sample siie were deeamed
sufficient for this study.

3.4. Instrument and procedure

The research adopted a triangulated methodnlogical
approach that consists of desk study and a self-developed
questionnaire. The developed questionnaire consisted of
items in different formats that asked elther for one option
or all-that-apply questions and dichotornous answers ke
“yes” and “no.” The questionnaire was designed by the
researcher and incorporated factors obtained frem the
review of relevant literature related to energy use in
heritage buildings. A pilot study was carned out before
fielding the full-scale survey to determine if the question-
naire worked as intended and Lo test the new procedures for
interviewing the respondents.

The questionnaire was administered by the researcher
through face-to-face techniques. It was given to the build-
ing managers to obtain records of energy bills and other
information on the characteristics of the building, such as
the type of energy use, construction material, and building
age. The copy of the guestionnaire is included in the
Supplementary Appendi of this paper, The intlerviews were
conducted between late November 2012 and the end of
January 2013. The procedure began by visiting the sampled
building to locate the bullding to ensure that the building
met the eligibitity criteria.

During the first visit to the building, a knowledgeable
persan was identified for the interview and was given an
advance copy of the guestionnaire and a note to book an
appointment to return for an interview after allowing
enough time for the respondent to fook over and complete
the survey fnstrument (Table ). Following this step,
another visit was made to the puilding at the set appoint:
ment to conduct the interview, To minimize nonresponse,
encourage participation, and achieve the highest possitie
response rate, the researcher made efforts every week to
contact the building managers through e-mails and phone
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calls prior to the visit. The survey Instrument addressed the
apparent 25.0C3tion Detween the new uwe and energy
performance, the operational patterns of the new use.
and the butlding performance

3.5. Data coliection strategy

According to Fohdin (7011, two methods may be used in the
post-occupancy evaluation of a builoing's performance,
namely, energy auditing and user perception surveys.
Energy auditing includes monitonng the energy consump-
ticn, temperatures, and humicity levels. The uter percen-
tion surveys are useful for cdescribing the occupants'
perceptions and experiences of the ingoor environment.
As the focus and the main objective of this study are the
post-occupancy operational energy performance, energy
auditing was adopted to evaluate the performance of the
refurbishment projects. Only energy use of the builldings
was monitored by evaluating and examiming the energy bill
invoice of the last tweive months. NG Instrument was used
to measure the indoor temperature and humicity because of
ltmited rewources and more especially because 1t was not
reflected in the cbjective of the study. To collect refevant
ang data, access tc the selected buiding premises was
reguested,

Initially, the intention was to make the data ccllection a
day-long exercise; however, in practice, mare time is
needed. The basic building information required (i.e., ficor
space, occupancy, age of the building, Listed building status)
was chtained in concert with the energy use invsice and
metered data (Table 7). The mamm environmental and
operational procedures were noted with notes tasen from

short unstnuctured Interviews with bullading operatory’ man
agers. Operational energy consumption data necswary to
heat, cool, Lght, and provide electrical services tor 11
montns were collected. The figures were converted to bg of
CO; anc rammed in order of adbsolute ENSIZy CONSLUMPLIn.
This sten was necessary because the aperational [tespan of
2 Dullding 1 3 substantial factor that affects butiding
guring 1ts weful ifetime,

4. Data analysis method

4.1, Energy benchmarking
To analyze the collected cata Energy beachmarsing wag
Performed o provide 2 reference and mesurement stan
card for comparison (Table J), Wiweman (2004 Cefined
wﬁmml’ﬂ 2% tre C(Yl!l’m Kx'm, ot m‘m‘_
ungerstanding, and 2330108 Lest practye and procesies
that wil lead 1o wpenor performance. Thag appenach
nvolves the development of guantitative andt paalitatie
inCicators through the collection ang analysi of gy
related dala and energy Manzgemwsnt practices (L0AR,
1007). The collected data were entered in a dxtabase ths!
contained several matnces of QuUATItEthve and SUMRAIE
cata to concuct 2 pretiminary sralysts. The peocedise
1nvolved calculating a seres of standard vrdices ‘o emmegy
use and efficiency considering a ra7ge &' enwerpyrelateg
practices and behaviof,

To convert energy use (\Wh) 10 Cartos ermdusionn ((0Z¢,
Defra's conversion factors (Smfra 1000 dee 238 2 elee
tncity was aoplied. The &07gy coniumation gaty of the
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4.2. Energy usage and carbon fostpring
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Carbon emssinrs can e reoneted 10 oAt 3IsU e Al
relative terms. Aoaclite emusions refer o the wtal ‘ot
print, whereas relztive emiions refer o e 2lso 02
figure indesed 10 3 unit of T Der Y per performane,
which can 2l be referred 1o 20 intenuity mciatons. Fur e
purpase of this research, tre caroon emmzors of 20 Ue
surveyed butldings were panly reporec 0 atnclute 20
relative emiwions,

4.3. Performance ranking

To facilitate comparisen of energy uve 2o N2 buRcing
uze typology of pattern of use, total energy =4 n each
caregory was cetermingd and grien a0 Overzll rane a0LUT-
ing to their performance ranges (1=righ performarce,
g=\ow performarce). The ranang will erabie tre DUACng
owners and the facilities managers 1o COMOE their buts-
ing performance o 2 brslding with 2 similar size 2ng p2tiem

Table 3 Annu2l wility berchraciing Souce 42
THLE:ZCE Erergy Benchmares

Bercrrmaryed el
LLLITY ConsumgLon

Fuel Type Benchmarrs Unils

Gas (05 Vim0 e 20,750 ken
 Electricity 20kwhic? 350t TEO WA
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4.4, Data coding and ethical Biuet
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5. Results and discussion
5.1. Benchmark and energy consumption

Energy cONBITPLON recrss toe 12 monnrs i 2074 for e
surveged DO 300 eV malywt e prewenles. e
rocfty are compared witn U C1BTE punlc oMY
pidng benchmare and S mted for buicrg type and
cometones four ared el sQure meten The majority
(87.5%) of the DUicnge eneTdy U D wuare meter it
ognificantly hagher than the benctynark (Frguoe 1), treredy
mmicating that the energy periurmance of e DuiOTgs T
ganerzlly ponr COmpares Win e Lo nmare, 220G 10
Fipre 3, apart from buslcding 87, which uwes lesy energy
than tre rect of the buildings 1 similar cimate conditons,
oriy the 2ozl energy e of 81 was sightly nigher than the
marcnmare, Toe zrnal eteTgy ULt of other bDulicwrgs,
namely, B2 (veven times migter), BS (Fve tymes Digrer), B4
(trres nmes ngner), B4 (Tws 20C 2 hal! Dmes migner, 88,
2 B1 (oeth teo Uimes Nigner) were significantly Tagher
tran the penchmark

Tre benchmars fgures (Tilie 1) show thal Lne range of
energy performance and criferentiation i ousinhed eretgy
mencnmarss by CESE 15 105 for gas and 20 wwh/m (elec-
rricity), respectrvely. The m2jor proposlion of the energy
el by the surveyes builcings cngnate from the buldings
(81, 1, B5, 57, 3%, tnat use electnoty and gas (Fgre Ih,

Comparizon between bencmark 3and energy CONSUTHTon
of sureyed DUidings
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Table 4 Bdﬂding uses and characteristics.

* Building cade Building primary and secondary uses  Building

b
Year of con,
listed Year of construction/age of WVersion

grade building -
2009
B1 Medieval art museum Grade | 1313 (700 years) 1994
B2 Visitor attraction Grade II* 1413 (600 years) 1991
83 Religious group meetings and other Grade | 1412 (600 years)
community uses 1958
B4 Museum Grade II* 1150 (900 years) 2005
85 Food services and conferences Grade II* 1312 (700 years) 2008
B6 Music concert and community uses  Grade (I* 1100 (300 years) 1990
87 Religious use Grade | 1300 (700 years) 1996
B8 Community center Grade Il 1841 (200 years) —
Table 5 Operaticnal energy performance ranking of surveyed buildings.
Building Floor Building size Fuel type (electri- Energy performance Energy perfor- Enel:?y performance
code area (m?) category city/gas) indicator (kWwh/m?)  mance level ranking
BY 181 Small Electricity and gas 225 LPB 3
B2 200 Small Gas only 748 LPB 8
B3 327 Medium Electricity and gas 149 LPB 2
B4 350 Medium Gas only 260 LPB 4
B5 383 Medium Electricity and gas 640 LPB 7
B& 392 Medium Gas only 284 LPB 6
B7 830 Large Electricity and gas 24 HPB 1
B8 866 Large Electricity and gas 279 LPB 5

LPB - low-performing building.
HPB - high-performing building.

teaving only the remaining energy use for buildings (B2, B4,
B6) that used gas. However, in the category of the buildings
that use the same fuel type, B1 and B8 use double the
required energy compared with the benchmark, while BS
uses far more (i.e., five times) the energy required com-
pared with the benchmark. Surprisingly, B7 in this category
uses far less required energy compared with the benchmark,

Figure 3 shows that reasonably high energy consumption

is noticeable with the buildings (B2, B4, and B6) that used
gas when compared with the number of buildings that used
electricity and gas (B1, B3, B5, B7, B8) as only a marginal
difference (25 kWh/m?) exists in the total energy consump-
tion between the two groups of buildings. These results
indicate that the difference in energy use of the surveyed
building is not a factor of the fuel type used by the
buildings. The energy consumption of B2 is significant,
i.e., up to seven times higher than the benchmark, and
thee energy consumption of B4 and Bé is more than double
(i.e., two and a half and three times, respectively) the
benchmark.

The various uses of the surveyed buildings, their opera-
tional performance, and ranking are presented in
Tables 4 and 5. The building (B9) used for other religious
purposes use the (owest amount of energy (24 kWh/m?)
ranked first and is considered the best performing according
to building use pattern. This building was closely followed

by buildings used for a combination of religious group
meetings and other community purposes, with energy use
of 149 kWh/m?. Buildings used as a medieval art museum
ranked third (225 kWh/m?), followed by buildings used for
museum purposes (260 kWh/m?).

zThe building used as a community center used 279 kWh/
m°, while the building used for music concerts and other
community purposes used 284 kKWh/m?. The buildings used
for @ combination of food services and conferences and
visitor attraction are the lowest-performing buildings with
an energy use of 640 and 748 kWh/m?, respectively
(Table 5),

According to Table 5, high-performing buildings were
found in only one building typology and categories except
for buildings that are ysed for multiple purposes and as
museums. Although B4 (educationa art/music) has a smal-
ler floor area (173 m?), it is ranked third with a higher

common office equipment, individual use of computers, and
pninters, which alsg present a significant load in buildings
used for office/administrative Purposes and in which most
times sustainable design concepts jmplemented do not
specifically target this type of equipment, thereby leading
to no change in the plug load, '
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NG oXents),
™he average cardon emissions from the duildings -
VEVRT Was more than a8 and (0. mt ctri

i 0
.

from elextricity
LAY - ~ } :
AT 225 270 s o0y, respectively, This result may be due to

l_-\‘ Axtuation 1 enetgy consumption of the dunldings
Casad Oy e amaunt and ditfereat types of activities
and audo-visual faclittes) and ditterent outdoor tempeta-
tres over the years. However, an interesting Ainding was
that BT and 33 have a much lower energy use mmi\.\n\i

Table &  EPi and carbon emission of surveyed buildings.

1"

WD b Dlldings, althoueh B9
than H\; lx‘-‘\i”::‘ s h,'“ & Thxn nig
et of the bulidings The eorigy
) DU Of these Butldings I infleene e by ditere
ALY, wah as the toll ‘\\"‘r. Vet '- Sy vl ch.u(
10 10 be heated: (1) high thertns arge volume of alr that
and e} in " L) hegh thermal comfaet reguiiements,
OV low thermal tesistance of windows and ety an e
-\l\\\‘ :‘“-\\f\(‘ of the buovancy effe o i TWKw
the building th ¢ Duovancy effect and greater volume of

. g that was heated, the tempetature ditectly
DElOw the 1oof world be much higher than the temperature
At the ground foor level,

The analysis reveals that for most refusbishment and
reuse projects, energy e falls i the range of 181
888 AWh m'/year, Vanation in energy use levels between
the surveyed buildings within the general study sample 1s
greater than the differences between the avelages for
Gifterent study samples. Likewtse, nd statistically signiticant
ditfer ees were observed in levels of energy use ntensity
(\Wh/m?/year) between the bulldings, The ditference in
enetyy use of the surveyed buildings could partly be
evplained as a rewult of the influence of several factors,
For instance, high energy use in the building could result
from the need to heat the laige volume of space because of
the high ceilings, physical parameters of the bulldings (i.c.,
re. comstruction matertals, geographical and climatic
location, buitding age. and fuel type), and the way the
systems and the buildings are operated and maintatned.

PO M e

L

Buieg code EPIELEC EFIGAS Absalute emission Emission per floor  area Ranking according to- emission per
(kg€ (hgCO /M) floor area
B 7 198 9225 5 5
B2 139 609 37,433 187 1
a3 100 139 10,147 3 7
B4 Q 260 16,773 SO 6
BS o 510 83,015 165 2
8é Q 284 20,457 52 4
B? \ 8 8912 10 8
83 N 238 57,339 6 3
energY ormance indicator by electricity use,
i:‘éic energy p‘;:;‘amn:e fndicator by electaicily use.
Ermisasn ot Posd weoa (b0 /)
Legend
Bl Medieval art museum
B2 Visitor attraction
R3  Religlous group meetings and other community use
B4 Museum
Bs  food services and conferences
B6  Music concert and comimunity uses
87 Religious use
g8 Community center

Figure 4 Percentage of emlssion per floar are

a according Lo buitding use.
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6. Recommendations and suggestions

Hemage building professionals and operators need to
address the biases that surround the energy performance
of heritage duildings to focus on strategies to overcome
them, Addressing the deep-rooted perceptians in the hen-
tage duildng sector working against energy efficiency
nvestments requires an adequate understanding of the
performance of the buildings in the post-refurbishment
and reuse project phase. Similarly, an understanding of
how undertaking a few minor actions, such as changing to
energy-efficient light bulbs, efficiency of services, and
improvement of the operation of the building (1.e., factlity
management and the bullding use pattern of the staff and
other wsers), could contribute to tackling these issues is
important.

The benefit of several energy efficiency interventions
incluces their ability to be integrated with the least
interruption to the building’s operation; one such interven-
tion includes introducing systematic maintenance by incor-
porating them into strategic refurbishment plans. Thus, a
reduction in operational energy becomes achievable with-
out losing essential services. Meanwhile, baseline project
planning, periodic updating, monitoring, and managing the
energy use pattern are measures that could greatly facil-
itate better energy performance to optimize their sustain-
able reuse compared with the traditional approach of
improving their thermal performance. Further areas of
suggestions and recommendation include the following:

e Sympathetic alterations to the building and its sub-
systems
Energy refurbishment of the surveyed building would require
amending the layout of the building by altering existing
partitions or the erection of new divisions. This approach
would require sympathetic honzontal and vertical partition
of the interior layout to reduce the volume of spaces to be
heated, Meanwhile, the work would need to be carefully

y U folfowiig sdlape

appratind and atigned wy ol e T fd
1 e sthitity of e ,M!.\l!‘ﬂlbd‘ e \ LR [ PR o ™
butlaig. (1) vl e ef wnes ,..,._-.;y; \!"l\.‘ 1 e e g
) A b it “ -
frdetor, anyt (i) syrnpatheli with the "YWy, by

ohatacter of the botiding
* Uaploring potenttal low-energy Interventis,.,

Poteatial low enetiy mtervention Meatue, i b

explored tn refusbishment and reuse of Buteg
soch as (a) user Dehaviof control and eoerg,
ment (b} upgrading and renewing the hear, o Wit
(1 reptacement of ohialele energy CONMIM g A bary o
and equipment used in the opetation of e, ‘a‘
(41 using renpwable enegy, (€) adding ar E'-""""‘;v‘lr
heating system: (€) towdating the masonsy o, ang
(§) wtating the stained glass windows
because of the highly valurd heritage bullding gy,
and characters, [imitations and risks are asocisted y..
hsulating the masonry walls eithet Within or withagy o,
complete underfloor  heating  system. Henee,
apiroaches would not be advisable In certain (g,
stances because of the risk of damaging the higy,
fabric and the poscibility of damaging tombstones that
may be peesent underneath the base. However, an
ncreased insulation of a listed bullding could be achimyeg
by introducing the concept of “building within a bt
Ing." This method could be accomplished by creatlng o
new insulated wall and roof assemblies Inside the existing
historic shell to avoid damaging the heritage qualities of
the edifice. Refurbishment and conservation of the old
buildings should also result in the building's abflity to
promote the health and well-being of 1ts occupants as
this is regarded to be one of the four aspects of the eco
footprint of a building,

® Energy management awareness building operation and
maintenance practices
The outcome of the survey suggests that sound aperation,
maintenance, and management stryctures are Important
factors in post-refurbishment and reuse of | Isted churches
with the prospect of achieving savings through low-cost
investments, such as ensuring the systematic mainte-
nance of service equipment and upgrading to high-
efficiency equipment, in addition, building operator/
managers need to have and keep an up-to-date energy
metering record and building energy log books essential
to monitor energy consumption against a benchmark
figure.

" ¥
ahte [
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7. Research limitations and strengths

The collected data have some shortcomings, Other factors
can influence energy use in the surveyed buildings. The
factors include but are not limited to the building structural
features, (e.g., wall insulation) and space heating equip-
ment, hot water production, and lighting, which were
ignored because the available data were grossly inade-
quate. In addition, the case study approach used in this
study depends only on eight projects. On one hand, this
number could be percelved to limit the potentfal to general-
ize the study’s findings. On the other hand, the cace study
approach could also be contended to offer generalizing
theory. This idea implies that application of thegretical
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8. Implication of the study

The findin
:tiaf;oﬁ C‘: the SUJC;" would have potentizily important
lenge of rm_;f-“nf'd church owners who face the
size, Li‘rp,;': gng the ;T.sxderatle decline in congre
vho are ‘:" the fincings would 2lso benefit deveiopens
. Mvolved in initiating adaptiv
church proiect zad Slic y ~ sad tn o
.o, ;h‘ ag it public agencies interestec 1 the
e Dfo{ ﬁ",t n's qu».c::.'g type. Thus, when te sustamabie
offer va‘“':l 's gesirzble, the outcome of this stucy can
veluable information on energy management for
sustzinability of tre project. This finding uncerscores the
need for operational energy efficiency assessment in refurd-
ishment and reuse projects in UK listed church builcngs
Therefore, an energy manzgement policy needs to be
established on the reuse of HEP projects because of the
Qﬂallenge of integrating the building's new use. This stucy
thus reveals the necessity for a more infarmec 2pproach by
the professionals, and an honest evaluation cf the projects
energy performance after refurbisnment could bring to the
fore any gap(s) where the builcing consumes excessive
energy. Althouzh crafting an effective energy management
plan may appear challenging, substantial improvement
could be achieved if the operators and/or building managers
concentrate on some of the available oppertunities.

9. Conclusions

The main aim of this study is to evaluate the operational
performance of refurbishment and reuse of UK listed church
projects especially those that are used for multiple pur-
poses. To achieve the goal of the study, this study consid-
ered energy assessment of adaptive reuse and
refurbishment literature. The sigmficance of this stucy is
the need for direction in current practice for ceveloping and
implementing a more focused policy on the operationzl
energy manzagement of “hard-to-treat™ buildings to mini-
mize the energy required 1o operate them. This study thus
pasits that leveraging the areas required for operational
energy performance improvement of heritage buildings
demands commitment from all heritage building stake-
holders. Such commitment is necessary because the
requirements need to be harmonized to optimize the
sustainability of the project and not just the building
operators. while heritage buildings may not always conform
to stereotypes of energy efficiency measures, they can be
effectively adapted to realize additional decreases in
energy use within the confines of a sensitive, sympathetic,
and appropriate 2pproach. In conclusion, reconsidering how
carbon emission recuctions of heritage buildings are con-
ceptualized 15 important. in addition, energy use behavior

change among the building operators and users is crucial to
future emission reducticns,
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