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Low Energy Use Interventions in Rehabilitation of Built Architectural
Cultural Heritage: Challenges and Options for Sustainable Practices

1
O. K. Akande’, D. Odeleye?, A. Coday?, C. Jimenenz-Bescos®

Department of Engineering & the Built Environment, Anglia Ruskin University, Chelmsford, United Kingdom

Abstract

In most parts of the world, one of the issues of concern in sustainable development is the need to curtail
the surge of climate change impacts through the enhancement of sustainable practices in the built
environment. Considering the spontaneous growth in rehabilitation practices, existing buildings,
particularly those of historical significance are being transformed using a wide range of interventions.
However, the pervasiveness of these interventions constitutes a serious challenge to rehabilitation and
environmental sustainability of built architectural cultural heritage (BArch). Those interventions and their
result on the energy performance in the reuse of listed churches in England constitute the main focus of
this paper. The study presented in this paper adopted a pragmatic approach to investigating low energy use
in the reuse of BArch. The primary objective is to assess current performance of the existing reuse of BArch
through the viewpoint of energy efficiency. Using a survey method, a top down, as opposed to bottom up,
approach was employed to collect energy use data from monthly utility bills and meter printer outs from
selected buildings. Findings show that in terms of energy performance, the majority of the surveyed
buildings is currently underperforming. Recommendations for low energy use interventions for operational
management of rehabilitation projects were proposed. The paper concludes that the low operational
energy use should be a key priority for effectiveness in any proposed rehabilitation intervention projects of
BArch. This study contributes to the body of knowledge on the operational energy performance of BArch by
providing theoretical and applied suggestions for the heritage industry.

Keywords: heritage buildings, low energy use, energy performance, rehabilitation, sustainability
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1. Introduction

In Europe, 40% of the total energy use and 36%
of CO, emissions originate from the bulilding
sector. The aim of the European Union (EV) is to
reduce its greenhouse 8as (GHG) emissions by 80%
by 2050. This is reflected in all the EU Directives
(2009; 2010; 2012). Thus, the building stock plays a
major role in achieving the 20-20-20 strategic
targets. However, unless other avenues are
explored to reduce the environmental footprint
attributed to the existing building stock, the EU
target may not be met. Due to climate change
Protection, energy consumption is required to be
checked through greater efforts and concentration
on existing buildings. According to UNEP (2007),
building professionals need to provide more
energy-efficient refurbishment of existing buildings
to bring them to modern sustainability standard,
However, the possibility lies in adapting and
retrofitting existing buildings to the optimum
energy efficiency standarg (UNEP 2009),

The concept of Sustainable development could
be applied to Sustainability of BArch, as any
interventions to extend its lifespan without
compromising its and context. |In

which encompasses any works to change, modify,
repair or maintain the historic environment in
good condition as wel| as preserve its historical
and cultural value or significance. This is discussed
in BS 7913 (2013, para 6.11) as “Interventions and
Judgement" and as the “action that has a physical
or spatial impact on a historic building or its
setting.”

Generally, the terms used to describe
interventions create overlap with other definitions
and are often used as synonyms. Prudon (2008)
defined rehabilitation as the act or process of
making possible a compatible use for a property
through repair, alterations, and additions, while
preserving the features which convey its historical,
cultural and architectural values. More often,
rehabilitation could involve modernization and
change in use (i.e. Adaptive reuse). It is considered
by Feilden (2003) as the best way of preserving
buildings. Meanwhile, Genre et al. (2000) and Pugh
(1991) referred to rehabilitation as similar to the
term refurbishment, which does not only extend
the life of a building, but also defines a new

o
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purpose for it, according to the demands of
modern life, Thus, in this paper, rehabilitation is
used interchangeably with adaptive reuse,

2. Adaptive reuse of bullt architectural cultural
heritage

Several scholars (Kohler, 2006; van Beuren &
delong, 2007; Bradley & Kohler, 2007) have
acknowledged the growing trend in the move to
building re-use and adaptation in the built
environment, They suggested that some form of
adaptation might be able to reduce the impacts of
climate change on the built environment. Other
authors (Remoy and Van der Voordt, 2007;
Velthuis and Spennemann, 2007) have posited that
adaptation is an effective strategy for improving
the sustainability of existing buildings along with
its potential of giving extension of life to a building.
The authors argued that by reusing existing
buildings, lower energy consumption can be
achieved, thus, making a considerable contribution
to sustainability. With the advantage and
possibilities of extension of life for buildings,
adaptive reuse could also play a significant role in
meeting the growing demand for regeneration of
the built environment (Kurul, 2007).

According to Langston et al. (2007) adaptive
reuse has become an essential strategy to improve
the  environmental, financial and  social
performance of buildings. The environmental
concern in adaptive reuse of buildings has been
acknowledged by other researchers (Latham,
2000; Fitch, 2001; Rodwell, 2007) in historic
preservation. Therefore, it is seen as vital to
sustainable development (Langston et al., 2008)
and considered applicable to the present climate
change adaptation agenda. It is acknowledged
that, reusing existing facilities are related to
sustainable development and in order to promote
sustainability within the built environment, many
buildings of cultural and historical significance are
being rehabilitated. However, little attention is
given to improving their Operational energy
performance.

Several factors have since been advanced to be
driving the adaptive reuse of buildings, such as its
value as a practical approach for delivering
buildings for new uses, cost-effectiveness and
rising energy costs. Latham (2000, p. 8) noted that
adaptive reuse is cheaper than new development,
as it is a way of banking the built environment.
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Further, he argues that *

building”.  Meanwhile, van't Hof (cited

motives might have also been considered.

2.1 The drivers of adaptive reuse of listed churches

In Europe, many religious heritage are under
threat and the buildings are often ill adapted to
the needs of modern society (de Rohan-Chabot,
2013). This is because a lot of these buildings are
reaching the end of their useful life and, in most
cases, do not respond well to contemporary needs.
As a result, they are often less desirable to occupy,
can remain empty and ultimately deteriorate. In
England, three quarters of 16,000 parish churches
of England are listed as buildings of architectural
and historic interest. The churches listed Grade |
comprise about 45% of all England’s buildings (i.e.
Castles, mansions, banks, railway stations, etc.).
However, with the declining congregational sizes, a
number of these buildings are becoming less used
and closed for worship (Table 1). Thus, one of the

drivers for rehabilitation of BArch is redundancy.

Table 1.The future of closed church buildings since

(1969-2014)

rth transforming uneconomic
buildings using green materials have the potential

to enhance efficiency, comfort and life span of the

' in
Velthuis and Spennemann, 2007) opined that
economic considerations have been the major
driver behind adaptive reuse, although other

Alternative use 1969 2010
to to
2010 2014
Adjuncts to adjoining estates 7 0
Arts, crafts 20 3
Civic, cultural or community 150 16
Educational 35 3
Light industrial 11 1
Monument 147 13
Museums 16 0
Music or drama 15 0
Office or shopping complex 58 4
Parochial or ecclesiastical 75 7
Private and school chapel 22 2
Residential 276 36
Sports 15 1
Storage 21 2
Worship (Christianbodies) 160 23
Other 5 0

Alternative Use Sub-Total 1033 111

The adaptive reuse of church buildings becomes
significant in conservation, fostered by the
economic benefits associated with tourism they

. International Conference on
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As seen in Table 1, from 1969 to 2014, over 2
thousand church buildings have been closed and
considered for alternative use. According to
English Heritage (2001), redundant buildings are
buildings that have reached the end of their
original working lives, but often have huge
potential to be adapted to economically viable
new uses. In the UK, BArch buildings such as
churches, farm buildings are being reused.
However, due to their population (Figure 1) more
listed churches are converted to alternative use
and/or demolished.

Commercial/industrial

Transport ., 1%

%

Statues &
Monuments __ :-g
12% £

= Communlcation
2%

o Education

Publie bulldings . 18%

4%

Places of _
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Sport
6%
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1%
“._ Houslng (Public)

Housing (Private) -/ 1% i
14%

Figure 1. Post war listed building typesin England
Source: Author's survey (2015). Source: Church
Commissioner Report (2010/2014)

could generate (Worthing and Bond, 2008:

p.52; Bowitz & Ibenholt, 2009: p. 2). However,

rehabilitation of these buildings is faced with the

challenges of meeting the global challenge of

coping with climate change. A major challenge for

BArch is how they can be successfully rehabilitated

at a time that the need for their renovation and re-
use appears to be urgent and make them fit for the
21st century? Low energy use as a key
contemporary demand for better standards of
living and as a response to climate change hasn’t
yet been extended to the rehabilitation of listed
LCBs. The scale of the problem is exacerbated by
the fact that churches are difficult to modify to
meet up with current energy efficiency standard.
Nonetheless, users of rehabilitated church
buildings also need to have healthy and thermally
comfortable internal environments, at an
affordable installation and running cost. The
problem is that certain restrictions, deriving from
the specific historic character, do not permit major
interventions to improve the building's energy
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were built. It thus, makes it challenging to improve
their fabric thermal performance. However, to
avoid degradation of their fabric, they should be
preserved because of their breathable elements,
Thus, a clearer understanding of their values and
needs must be found so that an appropriate
intervention can be adopted. Specifically, the
challenges of rehabilitating BArch could be
sttributed to several factors such as heritage
factors, embodied energy, economic factors and

building factors (Figure 2).
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Management strategies and

3.1 Sampling and selection process
noi:fo‘i; :)?ltiat ;w:g::tn./e approac.h of this study, a
. pling technique was used.
Specifically, purposive sampling technique was
selected for the rehabilitation projects. Zikmund
(2003, p. 382) defines purposive sampling as “a
non-probability sampling technique in which a
researcher selects the sample based on his/her
judgment about some appropriate characteristics
required of the sample members”. Thus, through a
process of purposive sampling (Tull & Hawkins,
1980) the researcher selected five case study
buildings from the categories of rehabilitation
projects involving LCBs. The selected projects for
this study were chosen from LCB rehabilitation
projects in the East of England. However, unlike
statistical sampling, the sample is not a
representative of the entire population of LCBs in
England. Although the selected projects have
various types of ownership, however, they are
used for similar purposes.

3.2 Data Collection Process

The data were collected through phone interviews,
site interviews and case study buildings. The
researcher conducted some interviews with the
building tenants to collect information on how
energy is used in the building. Following the phone
interview, the researcher conducted six on-site
interviews with the building managers/operators
to learn more about the management practices
being implemented in their building. The purpose
was to build on the phone interviews, to obtain a
more in-depth view of the operational
performance of the building and to gain a deeper
understanding of the best practices in operating
the building. Energy use data collection formed the
main focus of the data collection of the selected
buildings. According to Turner (1982), annual
energy use can be estimated either by using top-
down approach or a bottom-up approach. The
bottom-up approach involves the use of the

N extensive range of

5 : International Conference on
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calculation methods, while the top-down approach
involves an analysis of measured energy
consumption and appropriating it to the elements
responsible for energy consumption.

The bottom-up approach is mainly founded on
theory, the calculated loads, and the rated capacity
of energy-using equipment. The limitations of the
bottom-up approach lie in the weakness of the
calculated results to agree with metered data. This
leads to overestimating energy consumption and in
masking individual elements of energy use. Thus,
the top-down approach was preferred for this
study because of its advantage in providing a
greater degree of accuracy as it is based on factual
metered data (Turner, 1982). In the top-down
approach, the actual measured data is obtained
from utility companies, such as monthly utility bills
and meter prints outs, and are then critically
examined. The rational for this is to estimate the
annual energy consumption and to determine how
energy is being used for the activity within the
building. Utility data from the buildings was
collected for 12 months and the figures were
converted to kg of CO;and ranked in order of
absolute energy consumption.

3.3 Data analysis method

The data analysis method for this study
comprises of two  approaches. Firstly,
benchmarking was adopted as an energy
performance tracking strategy. It is a strategy most
often used in normalizing energy consumption-
based metrics, such as weather or square footage,
to promote realistic comparisons with other similar
buildings (Effinger et al. 2010). Benchmarking, as
used in the analysis of the data in this study, is the
most prevalent performance tracking approach
found in literature, capable of providing a high
level picture of energy use. CIBSE TM46 (2008)
energy benchmarks were adopted to benchmark
the performance of the investigated buildings

Table 3. Annual utility benchmarking(Table 3)

Benchmarks Units Benchmarked

Annual Utility

Consumption

Gas 105kWh/m*  390m®  40,950kWh
Electricity 20kWh/m®  390m?  7,800kWh

Source; CIBSE TM46:2008 Energy Benchmarks
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Secondly, the ranking was adopted to

~ categorize higher performing buildings from the
'_O_WEF performing ones. Although the review of

Iuter?ture indicates that numerous ranking and

vscormg. systems have been developed, however,
there is no scientific consensus method (Davis et

al. 1994). The use of ranking enables the building

owners and the facilities managers to be able to

coTn;fare their building performance to similar

building’s size and similar pattern of use, in order

to be adequately informed on the actions to be
taken to boost the performance of their buildings.
Energy use of the surveyed buildings was

convert.ed. into CO, emission using DEFRA (2009)
CO; emission conversion factors. |t

CO; emission factors of 0.184kg of CO
gas and 0.542kg of CO./kWh for elect
carbon emissions of the buildings were
to determine both ‘absolute’ and ‘relativ

The absolute emissions indicate the total
footprint while relative emissions refer to the
absolute figure indexed to a unit of this per m? per
performance, also referred to as ‘intensity
indicators’. During the analysis of data, the
interpretation and the presentation of results;
ethical issues were taken into consideration; by
intentional coding the surveyed buildings using an
alphabet (Table 4 and 5) to keep the building's
identities and location hidden. This is in line with
the suggestion of Creswell (2009, p. 89) that the
process of data collection should not put
participants at risk and that the vulnerable
population should be respected by the researcher.

assumes
/kWh for
ricity. The
calculated
e’ terms.

4. Results and discussions

A benchmark comparison of surveyed buildings
was performed; first to provide an indication of
how the buildings are performing; second, to
identify where energy waste is prominent, and
third to identify the areas for improvement. Figure
3 shows the result of the comparison between the
benchmark and annual energy consumption of the
buildings surveyed.

It could be observed that the energy use of the
buildings was substantially and simultaneox'j.?ly
higher and plateaued than the benchmarkefj utility
consumption, apart from buildings ‘81’ which had
lowest energy consumption (i.e. better than the
benchmarked utility consumption). The energy
performance indicator (EPI) for the investigated
buildings is depicted in Table 4. It can be seen

International Conference of -
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Comparison between benchmark and annual
energy consumption
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ﬁguré 3. Comp-;r_i;i;h between benchmark and annual
energy consumption of the surveyed buildings

that, the total annual energy use per heated floor

area ranges from 17 kWh/m?/year to 730

kWh/m?/year with a mean of 321.6kWh/m?/year.

Building ‘B1’ was found to have the lowest EPI of

17kWh/m? while building ‘B5’ was found to have

the largest EPI of 730kWh/m?*/year. Accordingly,

the CO, emission from the buildings is shown in

kgCO,/m* per floor area in order for their

emissions to allow for comparisons. Table 5 shows

the building characteristics and the pattern of use.

It was observed that, buildings used for catering

services (B2, B3 and BS) recorded high energy use

when compared to other uses. Meanwhile,

building used for online bookshop (B1) recorded
low energy usage per floor area. To facilitate
comparison of energy use, according to the
building pattern of use, total energy use in each
category was determined and given overall rank
(Table 4) according to their performance range
(1=High performance, 5=low performance).
Building ‘B1’ ranked 1" and the best performing
having the least environmental impact. Building
‘B2, used as community café, ranked 2™ with
energy use more than twice compared to the
benchmark. Energy use became more than tripled

with building ‘B3’ used for dual purpose (i.e.
community café and worship) and ranked
3".Building ‘B4’ (397kWh/m?) used for a dual
purpose (i.e. bookshop and community café)
ranked 4™. Meanwhile, building ‘B5’, with a
singular use as community café, used the largest
amount of energy (730 kWh/m?) ranked 5% as the
lowest performing building. The fuel type used by
the buildings was investigated; the operational
energy performance of the building (B2), using
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