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ABSTRACT

vl hentage buidings (PHBs) were evaluated with the aim to determine their operaticnal energy

“ormance and the objecuves of identifying improvement potentials for their long term
Jstanable reuse Six Listed churches intially used for worship and later converted to community
uses were selected and surveyed as case study buildings using purposive sampling technique. A
' gualtative analytica! approach based on ranking the performance of the surveyed building's energy
¢ consumplion assessment compared to others within the same geographical region was adopted.

Findingsz show that a greater number of the surveyed buildings are low-performing with their
| energy use Deng exacerbated by the combination and interplay of multiple factors such as building
use pattern, efficiency of services and kghting etc. Results of the findings imply that petential and
@entufiable prospects for efficiency improvements and CO; emissions reduction exists within the
operaton of the buddings Recommended actions for wide-scale improvements in the form of
capeal raplacement, retrofivrefurbishment, behavioural and improved operational management and
control were suggested The study concluded wider opportunities towards achieving energy saving
' such as erergy management programme, buiding energy refurbishment scheme and use of
| energy efficient equipment could enhance stainable reuse of PHBs.

~
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Keywords: Energy performance, public hentage buildings; sustainability; conservation.
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1. INTRODUCTION

Climate change has become an important drivgr
for changing the way in which lhe_ built
environment is produced and managed. Th'? has
led to increasing pressure for lhe' existing
building stock including heritage bu1l§mgs to
incorporate measures to reduce' its CO,;
emissions. However, heritage buildings pose
special problems where compromises‘may be
needed between maintaining the integrity qr the
original structure and adapting them to climate
change. An example of the challenges from
heritage buildings is a section of part L of the

building regulations which excludes listed
buildings and those in conservation areas.
Essentially, achieving holistic  sustainable

management of heritage buildings requires all
aspects of sustainable development to be taken
from the perspective that aims to salisfy the
present needs without compromising the
opportunities for satisfying the needs of the
future generations.

In the UK, traditionally constructed buildings is
defined by English Heritage as mostly all
buildings constructed before 1819, in addition to
a significant proportion of those built prior to
1945 with solid walls constructed of moisture-
permeable materials [1-2]. Sometimes these
buildings are referred 1o as ‘historic,
‘conservation buildings', ‘older properties’ or
‘hentage buildings’. It is noteworthy that current
refurbishment work involving existing buildings
has a central part to play in meeting the UK's
long-term emissions reduction goals. This could
reach beyond the minimum standards of building
regulations. By adopling the best possible
practice standards wherever this is technically,
functionally and economically feasible, can lead
to achieving a remarkable improvement in the
levels of energy performance.

The environmental sustainability of existing

buildings has raised a lot of concern within the
scientific community. Despite the advocate of
several researchers [3-6] on the importance of
focqsing on incorporating green and suslainable
environmental design and features into reuse of
existing heritage buildings: vyet there is little
evidence in literature focusing on  how
environmental suslainability of these buildings

can be improved. This significant gap |

knowledge is most pronounced wi ontage
ow with

buildings in public u s

se. Furthermore, other
researchers (7-9] have also emphasized that

energy efficient refurbishment  of existing

2015045

buildings is an essential tool lor reducing ener
use in the building seclor. However, i rna?wy
refurbishment  and  conversion of herita Y
buildings, this is yet to be fully achieveg q'i
practice.

2. ENERGY PERFORMANCE AND
HERITAGE BUILDINGS

Poel et al. [10] described energy perfor,
a building as ‘tlhe amount of energ
consumed or estimated to meet th
needs associated with a standardised
building. This is reflected in one or mo
indicators calculated while
parameters (e.g. insulation, technical and
installation characteristics, design  ang
positioning in relation to climatic aspects, solar
exposure and influence of neighbouring
structures, building's own energy production and
other factors such as indoor climate) thay affect
the energy demand. Currently, methods adopted
for investigating energy performance of herilage
buildings have concentrated on investigating
their U-value either 1o prove or disprove thejr
energy efficiency or inefficiency. Whilst this has
resulted to perceived tension between th
professionals, the planning and conservation
officers and researchers when considering
energy efficient retrofit to heritage buildings [11)

On the other hand, non-invasive methods,
modernisation and energy reduction strategies
compatible with conservation projects such as
those involving energy management approaches
for improvement in environmental sustainability
of heritage buildings are yet to be fully explored.

mance of
Y actuaily
e different
use of thy
e Nnumeric
considenng

e design

For instance, stralegic design concepts specific
with remodelling and conversion of heritage
buildings with potentials to reduce energy
consumption exists and yet to be fully explored.
Robert [12] describes the concepts such as
building within or pod insertion as outstanding
examples of architectural conversions. This
innovative design concept is a non-invasive
technique of enclosing relatively smaller space
needed and heating such space without heating
the entire volume of space. Consequently, this
reduces the amount of energy required to heat
the entire space most especially in buildings with
large volume of space such as churches. English
Heritage [13] has also suggested several
strategies that could benefit traditional building
retrofit from the greatest energy savings al
lowest risk of damage and decay to the building.
Such strategies include draught proofing of
windows and doors, roof insulation, replacement
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of ouitated sensoes with high efficengy units
COQraved contrais, floor msuiaton and possidie
mstataton of secondary glazmg Other possidie
areas that could be expiored 1o Mavwmge eneryy
reuse projects 8 e
conser ahon of renewadle sources of energy

consumption

predicted mpact of intrusive
usually nfiyenced Dy consenvaton

hough the
systems S
PUTOSes and most times disCourage desgners
Bowever Other systems such as Domass and
ground source heal pumps though subrect to
aeadadaty. sOrage Or COosts are less CGisruptive
g O aiso De given consxieration More
noaria~tly, 4 energy saving approach from good
nousSeAseDINg Tesulting from user's behawviour 1S
OO aged and more awareness and
wolvaton 10r energy use reducthon created. this
sould have stronger nfiuence On changing users
peravewr and acvons One of the ways this
could De camed out $ by constantly providing
teechack o e users through
capadle of gwvng wisual
~tormaton 0N progress aganst  targets
Moreover, win  the current recognition  and
—portance anached by the govemment to the
sse of smant meters, energy consumers could be
ael tumshed with real data upon which 0
assess hew actons and operatonal praciices
asemuate miormation from metenng has the
aotertial 10 yeld enargy Savings up 10 3 0 15%

s cosd only de possble ! the
3 Y] routinely review the
~formaton ohtaned so as o reveal undetected
erergy waste Thus prowdng the opportunity 0
changes 0 the way the bwiang S
coer ated Addonaily regular  nspection
consiant settngs and tme-swilches,
sunng effcency of plant and equipment could
rosul o reduction m energy wastage and
—prove e pertormance of the buiding

energy use
A0t meters

relva® v’

T -~ e e
. oPerators

man e

- g,
LIS

&

n e UK. among the common methads for
assessng energy pedormance of a budding 8
e Starcard Assessment Procedure (SAP) The
SAD method determne the heating sysiems fuel
eFoancy and the budang fabnc thermai
¥ cency o0 @ scale fom 1-100 (11] Drawing
~onciusons from the assessment obtaned from
the Uuse of SAR method. i 2006, the govemment
data mdcatm hat oilder propertes have POo!
enegy perdormance Most especally, amphass
a@s ¢ on over $0% of propertes bult pror to
1913 showing SAP ratngs of less tnan 41
compared wiah 60% of those bult from 1990s
upwands hawving SAP ratngs of over 7O [14]
However e use of SAS nas Deen vIGOMUSYY

1ES.001. 2008 Amcse no BUETT X8 018

challenged by several authors {15-18] arQung
mat SAR and other methodologes such as
Reduced cata Standard Assessment Procedure
(ReSAP) Energy Performance Certficates
(EFCs) and Natonal Home Energy Rating
(NHER) generates widely varying results with
fauity undertiming assumptions for the predictions
of okder buidings The authors [15-18] argued
mat s software  and  the  accompanying

methodologes are characterised by 0Dy "
nfexhity and ther genenc  lreatments
predispose  oider buldings 10 less accurate

energy efficency ratings

Moran et al [19] stated that 0 spie of
government  statistics  showing nigher CO;

emssions from the histonc buldings, there are
stil ¢ ferences in how thar energy effcency 8
percened These ditferences emanata from more
resparch that has been geared towards
nvestigating and mogelling the thermal and
energy use performance of hertage buidngs
For instance, Ilterature indcates two man
methods could be used to determine the baselne
perfarmance of the buiding envelope Ths could
etner be laboratony-based or in-stu based
method  and  measwrements.  However. e
imtaton of the laboratory-based method s the
mabdty = real settngs capture the
complextes of hygrothermal properties and
permaps other behaviours of bulding matenals
[20] This is especally the case with pre-1818
buidings and its traditonal materials n wheh
maccurate data on the vanety of matenals used
and thew propertes reduces the certainty of their
paselne U-values not based on in- Situ
measurements

According 1 the outcome of research conducted
by [15.17.21.22] using in-Stu measurement,
wad tional bulding materals appears © perform
petter than expected  Tnis  mples  the
possbilites that the performance of walls buit of
radtonal buldng matera's (e soid walls) s
underestmated when other methods (1e. the
laboratory and caiculaton method) set out in the
Brtsh Standard are used Ths view is supported
by Rye and Scott 22] who stated that the actual
construction of the tradtional element and other
gnknown  propertes  (le  defectve oareas.
wregulantes, ew) along gt ther
characterstcs of local matenals could lead 0
iocaised thermal pedormance vanations and
asgrepances between calcutated and @ Silu
thermal performance Thus. ewdence from the
findings of these authors  Show that the
dfferences = the perception of energy
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2.4 Invesbgations Energy

Performance of Heritage Buildings

3 - o
rom the findings

- - ' 3 - -
HEses of other factors that might
. nsumption of these
2s Deen criticized
-3 |

- .

that

e Wdenidfies pre-

5 CC &3 185201, 2078 ® 70 BAECE 2002 e
3 AOAN A0EN P bt P I AT
with 1840-1950 bwidngs bemy 3545 parmp..
. i =
ioss efficent Whie his findings are
oy - - ey -~ a
"‘S.-.‘,' g ‘..--'-E’-L'_ -h".'. ."3. A

conc bove review that the currers
arvdord rmolesde = -

stancars ethods and cata used 10 determun
- PR S —— o~ tem d W - » .

energy Danig ce © ad B buiddings ma,

not be the optimal sOWULIONS 10 determn

L s p.-‘:..:. re—:-—-:r:" C:J :.:; » rr_s'.-‘ ™
T
reaktly Thes underscores the need for

rassrmznsa 0213 taken YoM ancty
-]
a

U8 ¥

debate and the practices relating s
reduction  strateges for  haeritaae
f"..'i this  slu y Jﬂ'“‘, from ":‘i'.
Studes In the sense that 1 does Aot

22Energy use Intensity for Energy
Performance Assessment of Heritage
Buildings

of the range of energy efficiency
’Laors s given by Patterson [34] =
ergy consumed in a facity

However, the most common, non-invasive and
e 10 heritage buildings is the
break down energy use b

use per unit floor area is a'sc
as ‘Normalised Performance
incicators” (NPI).The use of EUl has the
dvantage of showing the way energy use $
compared between various types of buicngs
and could also be used to evaluate the means ¢!
reducing cverall energy consumption. Ueno {39]
Cescribed ficor-area-normatised EU 1o D@
excelent for assessing the energy-ust
performance of non-domestic building becaus®
cf the adventage it has 1o be less affected Oy
Cimate. Some researchers such as Birties 877
Grigg [37] Singapore e-Energy Benchma™
System [38] have adopted the use of EUI '
assess the energy performance 0 37!
buidings. Other instances of using EUI mcies

#oCr area ca''ed energy use intensty (EUl
According to Kamaruzzaman and Edwards (5]
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Flipoin {39] who used the gample of enegy
consumption data anas icor grea to detarmine tre
EUl for schoo! buildings in central Argenting and
ranked the result cbitained on 4 benchmark table

Although some authors such as Kissock et al
140] argued that the energy consumption of
buldings  could  adequately and  better  be
determined by using parametenzed mode's that
relate  energy  consumplion o outede
temperature. However, according to Ueno [36]
the hmitations of this methed s that & canne
capture the comglexities and realities of the
actual building Other critics [41] and [42] of the
use of EUI have also arqued that other factors
(e.g. HVAC system) could perhaps lead 'o ether
higher or lower energy consumption in epecfic
buildings than those observed among ther
peers. However, in spile of the controveroes
regarding the use of EUIL there 15 ng aueston
about the wvalue it can bring 1o aid the
understanding and analysis of building energy
performance. Thus, Ueno [36] argued that the

estmation of EUl from energy bills  and
comparing it 1o values obtained for similar

buildings 15 useful for comparison as it examine
real numbers as opposed to models versus
models, and/or models versus reality

The aim of this study is to assess the operational
energy performance of selected PHBS converted
to community uses. The objective is to evaluate
the improvement potentials specifically  with
regards to their sustainable reuse Thus, the
cause of high energy consumption in the lowest-
performing buildings could be appropnately
diagnosed and lessons could be leamed from the
high performing buildings. Such information
would be useful in providing adequate
understanding of how their energy use couid be
conserved and effectively managed. Foliente and

Tucker  [43)
performance is imponant as the cutcomes snd
significance i3 actual whie
confem design or refurdishment goal whieh could
contribute to the knowlpdpe 10 improve future
practice In  this paper, 1he
performance is investigated from the view of
actual n-service {Burning
cccupancy) of exssting reuse of PHBs

rabongle 15 1o estabish thaur actual operatona!

opaes thiat acual s

t also heps o

ot gt el
conlett O

;-..1"‘?_”-.\“--.:'{;

-
he

performance and its impact on the environment

3. RESEARCH AND

APPROACHES

STRATEGY

3.1 Building Eligibility

The dgetermination of the butding ebgibilty for the
sufvey was undernaken m a two-siep process
The frst step was undertaken dunng the
davelopment of the sample whie the second
slep was carmed out during the interview with tha
bulding managers  Redundant (1@ ciosed)
churches of Engiand converted 1o community
uses was seiecled as case study buildings
surveyed for this research The rationale behind
the selection of churches includes the lollowng

e They consttute over a thied (1/3) of all
grade | Listed buildings in the UK [44)

¢ The largest have been estimated o have
carbon emissions teny of mes those of a
typical family home [45)

o They cover a broader spectrum and are
found in every community

* About 1,696 churches from 1969-2010 had
been ceclared redundant while 1,023 have
been cenverted to other uses bLotween
1669-2010 (46).

Table 1. Building activity/function and annual energy use of surveyed buildings

Building Main use Secondary use Ficor Energy use Type of enetgy use
code area (m’) (kwhim®)  (Electricity/ Gas/
Electricity &Gas)
B6 Mustc school Music school 327 16 Electricty
B5 Cultural Performance Cultural Performance 262 48 Elecinony
and dance and dance

82 Ecucational an Educational an 173 145 Eiecincity pnd gas

81 Theatre Cultural performance & 429 368 Electricty and gas
Mustc concen

B4 Musical concents Theatre, cultural 201 510 Cleclricty and gas
performance 8 dance

83 Musical concerts Art studo, Photography 228 1263 Claclnicty and gas

& Thealte
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3 Lermpe arp mtad
he rhajonty of Engish churches are isiec

2 i
s- f‘-w':«‘} . - .ef_’-:")«< r—ay“ a hU’:E
suadngs, churenes Can paientialy p v

i Gy nanae especally
contribution 1o tackiing cimate changeé st d
-

when they are considered for reute 'n:s m::
eigitie for the sunvey, TWo major criena :w.;;
considered Firstly, the bulicng ."'.ad 15 r':ec-;’t.' 2
weaton crtena (e East of Engianci, cect ~:;‘,4
4 had 10 have 45 yses convened for communty
purpases East of England was selected based
on the fotiowing characterslics.
« Has third largest :n number of lsted
buitdings in the UK
« Compnses of over 2,200 places of worship
{Norfolk alone having over 700}
s« Has the nighest number of
churches for community use
o Has good representatwe mix of Grade 111
and Il reuse projects

reuse of

Using a purposive sampling of potential building
cases within the gecgraphical region,  Six
converted churches to communily uses in the
urpan areas were sampled and selected for this
study Buidings in the urban areas where
selected as that s where the demand faor
community uses s far greater than the rural
areas. Based on the arguments ¢f Saunders et
2l. {47] there are no rules for sample size in non-
probabuity sampling. rather. the actual size
depends on avaiabie resources and the logic
behind the sample selection Thus, the above
sampliing approach was considered appropriate
for the research

3.2 Data Collection

Field surveys were conducted to assess the
energy performance characteristics in the reuse
of PHBs in East of England The survey
consisted of site observation, meeting with the
Operanon  managers 1o collect as  much
information about the buildings as possible and
co'ecung energy bilis/invoice for a 12-month
Fencd. The survey was implemented in the six
buildings from the pencd of March - June 2013.
Dat2 was collscted by the researcher using a
se”ff-ce;-e'oped questionnaire instrument through
?eczf:e;? fahce lechnique.  The  information
" N the questicnnaire include: building
oS Size, age, year of conversion, use

:"3,:1’2: fle. operating hours, number of
e";\;i;me.'ﬂ' ﬂrmber of visitrs), energy-using
ltgh:,ipng ”a‘:-'ae heatmg_ cooling, refngeration,
management "rac?;fgfe equpment),  energy
15 uses, e.'\e:g-, °°3. ypes of energy use and

Generation, ang expenses on

energy use for operating the buiding

performance of the surveved buldrae o)
evaluated using 2 method adoptnd bom oa..
[48] estimation of energy use intensty (EUN
kWh/m’ from the following equaton: '

El= AEC !/ TFA

Where, AEC = annual

YRS v
- U anarg

e

tk\Wh)
TFA s total fcor area (M)

n thus study by

oy WWhm

_'(\' »
0 oy

EUl 153 indicated
1 ( O
of the findings are delberately reported pern

I
0] it shoud be noted that b

L "
ine=

gqualtative basis due to the sampls size
n approach adopted for o

and quaitative

“

3.3 Study Buildings/Area

A summary of key bulding leatures 15 shown o
Table 1 The building vanes in sizes with 3 10131
aress ficor area ranging from 173 m™ - 426
The buildings were classfied according to thee
sizes. The small size buildings were classiliad as
buildings up to 250 m*. The larger sizo buildings
were classified as builldings ranging from 250
450 m”. Most of the buildings were built betweon
147 - 197 centuries and were mainly medieval
architectural style. The buildings surveyed were
churches converted to arts and enterlainment
use classified according 10 their main use above
(Table 1) The main use of the buidings s
educational training in arts and music, theatre
and music concerts.

4. RESULTS AND DISCUSSION

4.1 Comparison with Benchmarks

Benchmarking serves as an important initiative n
the drive for energy efficiency improvement and
a mandatory requirement of the European Unicn
(EU) Directive on Energy Performance of
Buildings. It is a method of comparing 2
building's utility consumption with typical or bes!
practice figures. Benchmarking was employed 1"
this study to assess the standard of enefGy
efficiency of the surveyed buildings in order 1©
enable remedial action to be taken. Tab'e Z
shows the benchmarks taken from CIBSE M4
[51]. The benchmark covers public buildings #"
light use that include churches as they 2'°
considered to be public buildings accordind ’_‘:
CIBSE guidefines. Although churches ar¢ "
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categonsed by type, 806, size or construction
according to these guidelines, it was necessary
o use this as only a rough comparator This was
impontant as the energy benchmarks have been
denved  from  distributions  of melnc  values
obtaned  from  facilties having  similar
charactenstics. In acdition, benchmarking allow
the  researcher to  compare the energy
consumpltion level of one bullding with another
within the same group and at the same time help

1o identfy measures to reduce their energy
consumption [52)

Fig 1 shows the companson between the
benchmark and annual energy censumption for
the buldings surveyed. It is interesting to note
that bulding ‘BB use less energy than the
expected benchmarked annual ulility
consumpticn. It could be observed that although
tuiang  BS' appears to have low energy
Consumption. its annual energy usage is more
han twice compared to the benchmarked annual
utifty consumption It is worth nothing that the
energy consumptien of the remamning buildings
(re B2 B1, B4, and B3) was considerably higher
than the benchmarked utility consumption. For
‘nstance. 4 could be seen that the annual energy
use of bulding ‘B2’ is nearly twice compared to
ine benchmark: while that of building ‘B1' is more
than twice, buiding ‘B4’ and B3’ is four times
and ten umes higher compared 1o the
venchmark This shows the need to assess the

operational use and praclices and other possibie
factors that may be responsible for the low-
performing  buildings compared to the high
performing ones.

Table 2. Annual utility benchmarking

Benchmarks Units Benchmarked

annual utility

consumption
Gas 105kWh/m2  390m2 40 9350«\/h
Electricity 20xWh/m2 390m2 7.290kNh

Source CIESE TM 46.2008 Energy Benchmarks
4.2 Energy Performance Indicator

In order to determine the energy performance
indicator of the surveyed buildings, energy
consumption data collected from the buildings
was converted into kg of CO, emission using
DEFRA [53] CO, emission conversion factors.
The collected data was converted to the
equivalent CO, emission factors using the
conversion factor of 0.184 kg of CO./kWh for gas
and 0.542 kg of CO./kWh for electricity. For the
purpose of this research, the equivalent carbon
emissions from the buidings is reported in
relative’ terms giving the absolute figure indexed
to a unit of per m? per performance which can
also be referred to as ‘intensity indicators’. The
energy performance indicator (EPI) for the
investigated buildings is depicted in Table 3.
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Fig. 1. Comparison between benchmark and annual energy consumption
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Table 3. Building energy pe

Building characteristics

Energy pcrformancemia;ior

6(3). 189-201, 2015 Article no 00 201444,

rformance of surveyed bulldings by ranking

e e —— S ———— e e et

rankin
Building use - e ___fanking
-~ Er CO,Emissions  High/Low Rany~
type m——Vgar _ Grade  En0rgy us e Emisg ank
A T L 2 B
3 ci5 | o Hiah '
Arts and B6 | 48 26 ) 2
Entertainment  BS g:‘: | 195 a7 Low 3
use B2 C15 I 366 57 Low 4
B1 Cra 510 109 Low 5
g; C14 | 1263 364 Low 6
__________-——-—'—’"_“ el —

it can be secn thal the lotal annual cner?g
use per heated floor area ranges from 1
kWh/m?/year to 1263 kWh/m'/year with a mo ;
of 399 67 kwWh/m/ycar Building 'B6" was foun

to have a low EPI of 16 kWhim with the lowest
CO, emssions (9 kgCO,/m*) indlcatmg best
energy performance. On the other hand, |l.cou|d
he observed that building ‘B3" have the highest
EP1 of 1263 kWh/mé/year with the highest CO:
emissions (364 kgCO:/m’) indicating the poorest
gnergy performance. To faciltate a comparison
netween the buildings, energy performance
ndicator for individual building activity and
functon were ranked according o their
pedformance  (1=High performance, 6=low
perdormance) The purpose of the ranking is to
anable companscn to be made with similar
buldings size and similar pattern of use in order
10 be adeguately informed of the actions to be
tzken to improve the energy performance of the
ow-performing buildings. It can be seen that
bu'dings B&' (educational art/music) and 'BS’
(cuttural pedormance/dance) ranked 1st and 2nd
as the only high performing buildings with low
energy use of 16 kWh/m* (0.7%) and 48 kWh/m’
(2%) respectively

It coud be observed thalt building ‘B2’
(educational ar/music) has smaller floor area
(173 m*) and ranked 2:d with higher energy use
of 195 xWh'm? (8 3%) much higher than its
counterparts B6' (327 m*) with the same building
vty and function Building 'B1' used for
ITE??re_ s ranked 4th with energy use of 366
bé.j:'m‘ (15.3%). Meanwhile, buldings ‘B4’ and
anad to;f:hused for musical concerts ranked 5th
bu-lf*chf ?15 the highest energy consumin
2134 ana 1385 g e 810 K’

Whim® (53%) respectively.

By comparisen. building ‘Re- g
'd 'BS' exceptional

secondary yse both main and
ather buidings nawnl al space Compared to

o S mulliple yuse
S could be altnibuted 1o the factsihact)t?:r
e

buildings only use electrical energy as the only
source of energy. From the comparison betwepn
buildings (B6, BS5, and B2) with single yse
activity, it can be scen that as the building size
decreases, energy consumption increases. This
is rather surprising as it can be seen that building
'B2' appears to be the smallest in size in their
category and contrary to expectation and
common knowledge that the smaller the building
size, the less energy would be consumed.

Further observation showed that ‘B2’ used mare
than twice the energy when compared to CISBE
benchmarked for energy use. This high energy
consumption could be due to other reasons such
as space heating requirements and the intensity
of energy use. Most especially for lighting and
cooling as the field survey indicate that the
building is used for various cultural performance.
Other possible explanations could be as result of
frequency of use and increased number of
people using the building weekly, especially at
night which would require more use of energy
consuming lighting facilities such as flood
lighting, more energy generating activities that
may also require the use of other electricity
generating equipment such as sound system
typically use in theatre and cultural centre. Thus,
based on the pattern of usage, it is expected that
energy consumption for ‘B2" will be much higher
when compared to building 'B6' whose main
activity is just limited to musical training. A further
comparison revealed that the smaller size
buildings are put to more uses when compared
to larger ones. This indicates there is more
quference for the use of smaller size buildings.
This perhaps could also have been as a result of
the perception that smaller buildings are easier to
manage and affordable to operate. Thus, the
preference for smaller buildings could have
possibly resulted in more frequent usage which
leads to high energy consumption.

The differences observed in the enerdy
performance of the surveyed buildings could also
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Interestingly, f
that hertage b
¢ performa :c IS porw»\ed o tbe
¢ modem m. idings counterpants
e\r.:'e.": n e tegh performance of
and 'BS bult prior o 19th
us findings thus agree with the
d of Wallsgrove [23] whose findings on
nergy efficency of law courts in the UK
dentfed pre-1800 buildings to be the most
enegy-efficient when compared with post 1900
buidings such as 1840-1960 which were found
10 be 3345 percent less energy efficient. This
2gate l"e myth that all older buildings are loss
energy efficient. Although, on the contrary, it was
also obsenved that other low-performing buildings
{82, ‘B3 and 'B4') were also built between 14th-
15th centuries This findings thus shows that
other unknown factors (e.g. such as use pattern,
type, age and efficiency of services and lighting,
use of equipment, users’ behaviour etc) could
result to significant energy consumption in the
surveyed buildings.

5. SUGGESTIONS AND RECOMMENDA-
TIONS FOR POTENTIAL IMPROVE-
MENTS

The findings from this study suggest that
sigmficant  opportunities and  improvement
potentials exists which could be harnessed 10

T R IR TR W W Py LN LR A LR

i e i\‘!l'«"lll.‘“nll Iy s gispites ol
Priia
vagenl toptacemoent
refurbistnient activons

v operationa! managonient pend conleed
The  mprovements  liom captal roplncement

actione inclade Bahting toplacoment with LED

LTI
Thvse are Cotogotiam inie fonn namely
mclinhe bt

Brolavicedral oo el

avalemn of  all eneigy consiming - lighting
svatoms  such  an halogen dighling, sosigy
consgming - applianees and  sguipment ey

selrgeration. cookor, ot ) grentar than 10 yoars
old with bost avinlable tochnology  Tho typieal
oltectlvenoss of hatogen lghting in 17 liniens per
Watl vompaed toaf least S0 omens pecwalt for
LE O ights Thoreloro, (Eall halogon lghts wers Ly
Ba oplaced by LED lghting, estimato shows hat
total energy consumplion could be reducnd by
two - thitds equating 1o huge savings 10 anengy
and substantial reduction in GO, emlasdons por
annum. Similarly, process plant (o g tefiligerlion
ote ) could account for almonst two thirds ol
onelgy  consumplion in- o modinn ulze Tood
service  rotaders  Thus,  the polontinol enorgy
savings for process plant should bo based on
roplacing equipment groater than 10 yoars old
Furthormore,  reducing  onorgy  consuamption
through — improved  management and — control
would require ophmisation ol contro) tor kay
enery-using ogquipmeoent, Introducing a vystom to
montor enorgy consumption, providing training

for staft  and  sotting  targols for onorgy
consumption reduction
Additionally, the impact  of  nogative  user

behaviour as It affects  enorgy  consumplion
would also neod to bo nddrossed with adoquate
and effective control moachamams and moasuros
put in place. This could be in tha form ol placing
information labels as o remindor in conspleuous
places, qiving regular foodback on monthly
enargy uso, instruction on simplo onorgy saving
techniques ete. Those measuros could porhaps
check and reduce negative usor's bohaviour
which eventually could contributo 1o the onorgy
use reduction. Furthormoro, tenants/occupiorns
could be made responsible lor thoir enorgy
consumption while using the building by paying
their energy bills according 1o their usage. This
could serve as a motivator for tenant/occuplors’
energy savings as well as sarve as effoctive
means of ensuring good housekepping  and
regulaling user' behaviour. Howevor, I the
energy bills are only included in the rent as It Is
the current practice, and the lonants are unaware
of the cost of their energy consumption on the
building owner and the environment, this could
further encourage bad housckeoping ond
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buildings converted 1o ars and entemainmgy,

S0 101 oo g noe o uses in East of England.  High-enprg,
ea

consequently incr ould also need 10
o , anagers w
addition, opera™™” rr;ive: gction {o ensure energy

seb iageie proaCa“y for instance up 1o an

use reduction annu o, per year. This could
ss than 5% P nnual energy

huge saving ol a

average of not le
oll as reducing yearly CO;

also result in @
consumption as W

emissions.
ns (i.c. tenants)

organisatio
? plish an energy

is need for all
There is ngs 10 esta

ing heritage buildi ( Y
Umsa"r‘m?agemen? role to manage energy use N the

operations.  Whilst operational approi%ceﬁabilz
managing energy use could vary Consndod o
o o L o f st
have a separate indiviaual ot O eation
energy and the building. The implica

g}at?‘iasg ?s thatgeynergy consumpl!on revsulh:'.\ghftri?m
energy using products (€.9- refngerahon,dl% regi
equipment etc.) could be managed py adi ed !
individual or team from energy use€ mfl.uence | y
the building fabric (€.9. such as insulation levels).
On the other hand, the appointment of either the
operation manager or assistanl manager should
partly be based on an individpal wn.h background
in energy management training; with the role of
dealing with all energy related matters as well as
providing advice on energy managemenl.

6. IMPLICATION FOR PRACTICE

It is hoped that this study would contribute to
improving the decision involving energy
refurbishment and/or designing reuse of existing
PHBs, adoption of appropriate strategies and
technologies in reuse of PHB projects and
avoidance of costly interventions wilh negative
impact on heritage building's values. The
knowledge of current operational energy
performance of PHB projects could benefit the
owners, facility (operation) managers and
tenants in identifying areas where operational
energy savings could be made to more
effgctively manage energy use of their buildings.
This would enable them to compare the energy
perfqrmance qf their building within the same
g:”gmg portfolio and geographical region as well
ecome informed on the actions to be taken
tq boost the performance of their buildin
Finally, the result of this study could s -
valuable information that can b g
decision poi - can be used at a
e point when leasing, buying or financin
e of listed churches or similar PHBs. ?

7. CONCLUSION

This study presented the findin

performance in six converted gs on energy

listed church

consumption was idonlihq(l in four out of tha gy
buildings surveyed for the su‘uly b‘lupng;mmy‘ i
was found that energy consumption couly
observed to vary conmdelrnbly ‘nnd continuoysly
platcuuod with decrease in sizo of the buildings
in some of the cases. One of the undisputeq
findings of this study is thnt the rango of energy
perfofmnnce of the buildings IS.(lmnmlir Whilg
there were buildings at thn' l‘ngh-pmlmumn(r.'-
level, the majorily of the hguldungs Were in the
low-performance lovel. It is noteworthy, (hy
energy use was found to be exacerbated by
combination and interplay of several factors such
as building use pattern, type, age and efficiency
of services and lighting.

Although, due to the regular use of reuse of
PHBs and the consequent change in the energy
use pattern; approaches adopled lo achieving
energy efficiency in modern buildings could also
be implemented in these buildings. Nevertheless,
due to the peculiarity of heritage buildings and
statutory regulation surrounding their protection,
careful measures need 1o be laken inlo
consideration in adopting such approaches such
as wall insulation. However, other measures
such as reduced lighting power, efficient building
systems (i.e. efficient boilers and occupancy
sensors), appliances, equipment, positive
behavioral actions, improved  operational
management and control has been identified as
improvement potentials for PHBs. In conclusion,
the measures indicated in the study should take
priority in heritage building energy refurbishment
scheme and more importantly attention should
be given to energy management programme and
installation of energy efficient equipment 10
enhance the sustainable reuse of PHBs.
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