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buildings: the stakeholders’ perspectives
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i

ABSTRACT: The influence of global climate change on the environment has I}Eqﬂﬂﬁﬂat‘fd S
tinuous utilization of various possibilities to reduce energy consumption in buﬁd'u‘lgs. Heritage
buildings are not left behind in the global drive towards environmental sustainability. Db;serva&
tion shows the prevalence of current energy performance is still low and often been attributed
mainly to their thermal performance. Using survey method, this paper investigated stal-'tehﬂfdf?l‘ﬂ

perception of energy use reduction in reuse of public heritage buildings (PHBs) projects. The
objective is to dentify critical factors influencing their energy consumption. OPEW“_”"HI hid
management: institutional/government role and caution on technical approach were IdEI‘I'[IﬁEfl as
critical factors to address to effectively manage their energy use. It concludes that though 1t 15
challenging to attain energy efficiency in reuse of PHBs when compared to the requirements in
mﬂd’:"," buildings; nevertheless, the factors identified could be effectively addressed as a drive
to achieving their long term sustainable reuse.

| INTRODUCTION

1.1 Building: eser g

Globally, it 15 acxiowledead thai e Pwicay seoior and existing puilding stock has a signifi-
cant contribution to energs sossunpacn (Rowe < @, 2008), Ia 2007, energy services delivered
to the world's suildings - lvirg, commercial, and public space required 2 billion tonne oil
equivalent (TOE; fizefs for direc! sombustion and .84 billion TOE in the form of electricity and

heat (IEA 20103, ( e_-;':",.'{!!;ii'r-.';' .."j.’T'iﬂ:;illL‘c ol climate L‘!"l:lI"I}_‘E. considerable imp{}r{ange 1S
now attached tc incorporating energy saving measures to new buildings and improving energy
efficiency of existing buildings. Energy consumption in the built environment is predicted to
increase by 34% in the next 20years at an average rate of 1.5%. By 2030, the trend of the in-
crease ascribed to dwellings and non-domestic sectors is anticipated at 67% and 33% respec-
tivelv (Perez-l.ombard er al., 2008).

The UK set an ambitious target of reducing greenhouse gas emissions by 80% of 1990 levels
by 2050 to address the issues of climate change. To meet this target, the UK Budget 2009 set
carbon budgets equivalent to a 34% reduction in carbon emissions with respect to 1990 levels
by 2020. The Climate Change Act allows the Government to meet its carbon budgets through
the purchase of carbon credits, meanwhile the Government aims to meet the first three carbon
budgets by changing the way energy and resources are used and as well encourage the
development of low carbon technologies.
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huﬁ;irgggtii:hg;?;;glshtmg kres:.earch p]fce less attention on the stock of existing public
el f3 . ¢ a key to rE[!ULlI]g emissions from l?u:ldl‘ngs‘ Rather, most research

$ 10 Tocus on new build and domestic buildings. This study identified other areas such as the
adaptive reuse of existing buildings where energy use problems in buildings could also be
addressed. Among adaptive reuse of existing buildings are public buildings of heritage value.
The utmost concern for these historical buildings is the question of how their energy use could
be curtailed, their efficiency maximised and their carbon footprint reduced to improve their
environmental sustainability without undermining their historical value?

1.2 Adaptive reuse and sustainability of heritage buildings

Adaptive reuse 1s a notable change made to an existing building function when former function
has become obsolete (Douglas, 2006) and a special form of refurbishment that presents great
challenges for designers “as changing the class (i.e. functional classification) of a building will
introduce new regulatory conditions and perhaps require planning consent’ (Langston & Shen,
2007: p.3). As part of the strategy to promote sustainability within the built environment, many
buildings of cultural and historical significance are being adapted and reused. A key and notable
potential area for adaptive reuse in the UK is in non-domestic sector of public PHBs. Ny

In the UK. historical buildings are some of the most beautiful fixtures of the towns and cities.
However. some PHBs (e.g. industrial, churches etc.) have become redundant s{nd cqnx;ened to
other functions either for private or for public use. Although, reuse of historic buildings has
become a sustainable practice of utilising an already Ex'istmg resource, however, their heatmg
and cooling to current day comfort standards still remain a source of energy consumption. In
addition. their conservation is faced with many cha_lltzznﬁes uft' meeting global challenge of cop-
ing with cli nge without affecting their special characler. _ ‘
mgLE:;?sf;:i?lzf?gﬂgﬂ argued that adaptive reuse has become an essential strategy to improve

the environmental, financial and social performance of buildings. This view is supported by

ther authors (Stubbs, 2004: aullen & Love. 2010) stating that the incorporation of historic
o Ny LRy, BPRSERIERE. ROW SRELL TS .

ot -ation with environmental issues as become an inherent feature of an agenda to SUFP[UT;

CONsTI) ?fl‘n Given the indispuianls finportance of adaptive reuse of historic buildings as vita

e 2 '211 € 1HdiaLrieied Fia s fsits b : %

Sustatianiit, development and its relevance 10 climate change adaptation agenda, and because

= L acvele resources o fhant . :
{}T 1S ﬂblllt} “}J} FFL_" L*.I.ﬁ'.ﬁli; oy 8 ;-,"_-r SLLREA cfiiciency rémain Pnﬂri}* Uﬂd?rﬁlﬂﬂ& -
Several studies [RL,MT":. i eyt der wien ctigting adaptive reuse project; however, few
documented numerous L:it_'-“__‘-“_lli'._ o sson sea pudiiciion, 1OF environmental sustainability of
studies have addrersscfjft;;un.i;;}:. it b -+ 1 related to this aspect 1s a _survey"cu}'il:
4 ¥ o LI LerLdefap AEA ) " il = i -
these PTDJECIS]] . ?]2%}?;?1)1:111“ esults indicati:] ha, e ronmental sustainability, herﬂﬂgf ?igtm i
v Bullen e LN e Eanbsnielon: s st important factors
EquIEd b" j =i nﬂ":l-i.‘- iT] ”lﬂ'ﬂll!“}‘ SLi :| :,|l;i-|'-; 1in 14 .J!Iﬂdfh‘a HI'L lhﬂ ]:[ID p lqE rD-
icance and effectivencss g 1-making process involving adaptive reuse p

i L S 1-'-\:'. e 151010
that should be given consideration 1n ti i.ul.. 0
. A te tROTEas awareness ol UL : S 1l
R » there is Increasing awarc o AT s perceived by the
fdﬂlﬁ.] Wr:izl;l there is limited studies investigating how energy usc mdfllgtitl]{g.l;rqujects
ell 2 ) : « b e e relice .
?;'ictpstakﬂhn]ders for environmental sustainable ol ddd!“mimmrg orties belonging to a per-
P jjferitage industry comprises of diverse stakeholders relatec lti} p wfi'».e ~ith heritage building
. o anizations concern and mMvoiy
, ublic sector organizations
son (s) to voluntary and p

i " ag ¢ f being involved
el ac “key influencers  as a result 0 _
ots. The stakeholders could be referred to as _ X€3 RS takeholder theorists (Pro-
PrDjEL_ls.II;Ecvzlmpmem that relate to heritage hmldmgﬁ;s. According En bmh.:]-}ili cilooniond il
o Pf&iﬁf gement [nstitute 2004: Post et al., 2002; Pinto, 2000), the supp h
Je-::t ana - g '

: et al., 1976).
" - > hi the world (Proshansky e al., |
world is related to how 1115 perceived and the thought about the O siders perceived 10 be the

s w : N o l "'i
This theory thus formed the basis for investigatie ;hgz?tlag:eﬂh?i‘ldiug projects.
. ' use reduc In NErile - : :
most sustainable approach to energy tst reduction anagement in reuse of PHB pro-

This paper presents part of a @uinrni research c:-n_ctiir::,;rﬁé I ducted in the Unite d Kinipdotn
jects from stakeholders’ perspectives on energy use ! should provide valuable

i e off study
; : I .nt. The outcomes Ol the : e

: naire based assessment. : .ss which could play a sig-
us;ng atgu;i:::ﬂl:::ritage building stakeholders on the factors to address pla) &
informatio

role adaptive reuse could play in sustainable

e ———— R ..
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nificant role towards appropriate strategies for energy management for sustainable reusc of
PHRBs.

2 APPROACH AND METHODOLOGY

2.1 Stakeholder s online perception survey (OPS)

Survey method was considered appropriate for this study due to the size of population which
covered the entire country and as a way to obtain standard and stable collection of data from a
specific population (Robson, 1993). The respondents comprised of heritage building Siﬂ!(emld'
Crs consisting of architects, conservation officers, engineers, energy consultants, planning an
dﬂwlopmz:r!l control officers, and surveyors. Two hundred and eleven respondents consisting of
121 practicing professionals and 90 policy makers participated in the survey. The practicing
professionals group include; architects, energy consultants, engineers and surveyors. The poli-
cymakers include; conservation officers, planning and development control officers, regulatory
bodies’ officers. The respondents were selected randomly across United Kingdom (Table 1).

Table 1. Distribution of Study Participants, professional role and number of projects.

Location FEI?E c;;?;ﬁl . Policy makers ~ Total  No. of projects
England 109 72 181 2785
Scotland 10 13 23 348
Northern

Ireland t 0 | .

Wales 1 5 6 100

Total 121 a0 211 3236
57% 43% 100%

2.2 Instrument

The use of a questionnaire was identified as the most suitable instrument through which the
respondents could be easily reached in the most economical (Sarantakos, 1988) efficient and
popular method to collect the required information. A structured questionnaire to determine
reliably the stakeholders™ perceptions was developed by the researcher incorporating 28 factors
obtained from a review of relevant literature relating to energy use in PHBs. The respondents
were to indicate their resnonse and degree of agreement on an ordinal five-point Likert scale of
choices using a number value assigned to each choice (i.e. 5- strongly agree, 4 - agree, 3- neu-

Fl‘ LT

tral, 2 - disagree, and |- strongly (isagree).

The questionizzirs w2s first administered to a group of 35 professionals in heritage industry
who were not focluded 0 the sample used for the study to obtain reliability of the instrument
before it was finalls administered online using SurveyMonkey platform. The scores on

Cronbach’s Alpha were used to obtain the internal consistency and rehability coefficients of the
respondents’ responses. It indicated a score of 0.76 which is considered adequate compared to
an accepted value for alpha at the least of 0.60 for new scales (Nunnally, 1978).

23 Data collection and procedure for analysts

2.3.1 Data collection

The survey comprised of six parts which covered qm::sti‘qns on inﬁ?rmali_nn ﬂhnu.t the respon-
dent’ role and experience: professional vﬂ}l,ll:fii and priorities on their projects; drivers guiding
their decisions and actions on projects; perceived barriers to energy ctficiency improvements in
and current practice and strategies adopted for energy efficiency improvements of

the projects : .
e as designed to analyse the stakeholders perception of energy use re-

the projects. Each part w
duction.
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g_’m.l Data analysis

ata analysis was by ) :

dents were Practiai:li;!‘ra;?ﬂ?:a;Llliatitil.'l?lapjg:?ﬁ Gbmmtd. from the survey. 7% of the respon-

sponses (86%) were obtained from E 1 f % iﬁfﬁipnl:c}qnﬂkm. leghcr DS o B v

frqm e rovids ngland: 10% from Scotland. 3% from Wales and 0.5%

S S w1 g i & a response rate of 29%.The data were analysed with SPSS 20.0
eseriptive and inferential statistics techniques to ascertain response consen-

sus from the respoy salei ; .
order to det ] ldmhf _Ehpiﬂmtm}r tactor analysis was employed to analyse the responses in
ctermune the eritical factors to be addressed.

3 RESULTS

Research : - biw i i ) o ) + .
e Qﬂr:zllnu I: What critical factors arising from stakeholders® perceptions of energy use
1 needs 10 be addressed to improve energy performance in reuse of PHBs? To answer

this resear g : :
s research question. responses on the OPS were obtained and the results are presented in the
following sections.

3.1 Professional values and priorities applied to conversion projects

In mvestigating the respondents’ values and priorities. 68.6% of the respondents considered
modemisation (ranked 2*) a priority at conversion to other use. Majority of the respondents
(74%) agreed that energy management (ranked 1%) is very paramount to modemisation of PHBs
conversion projects. 61% agreed that taking advantage of current technologies (ranked 31d) and
incorporating secondary glazing would facilitate minimal energy use to achieve it. Table 2 show
the most compelling result from the respondents unanumous rejection of reducing U-value
(ranked 6%) of heritage building and economic pay-back period if less than 10 years (ranked ™).

Table 2. Percerved factors based on professional values and priomnties.

Frequency of response Descriptive statistics
Strongly , e Strongly . Ran
Factors Disagiee Disagree : Neutral Agree Agree SD  Mean I
Building 6 26 30 89 46 106 373 3
modernisation (3.1%) (13.2%) (15 2% [:-?‘-11'? 0) [33-4_%] | | i
Adaptation for . 1 /0 25 110 331 5
energy efficiency (6 1%) (12 4 : - (316 0%)  (13.0%)
Building energy 2 - :1 Qﬂﬁ 3':‘ 078 388 l
management (1%%) ' (95%) {1?4-5]
) - ; f}" . .
Using technologies “;_ﬂ (8% PR (49%%) (12%) 083 364 3
' . = AP et 8S0| |4
Visual impact (2%) (10%) (1894) (47%) (14%%)
Reducing fabnc U- 15 /] 43 ,g 1.03 ) 81 6
value (8%%) (36%) (28%) (23%) (5%) G
Energy saving pay- 26 89 ) 13 ? 099 247 7
back (13%) (45%) (27%) (10%) (5%)

32 Perceived factors based on decision-making

o the respondents’ dectsions on refus bishment of PHBs for

In order to identify the drivers guiding . | |
change in use, the survey requested the respondents to rate the factors that influence their deci-
\ The results from Table 3 indicate how the

cion using a S-point scale (5 being the hughest) _
stakeholders perceive the aspects of energy efficiency for sustainable reuse of PHBs. From the

four IJ:'u;maitiﬂm. conservation policies (mean=4.44. $D=0.80) ranked the highest. performance
for intended use (mean=3.50. SD=1.11) ranked second. life cycle cos! _{:r11:;1_n=l_ﬂ'a'. S.I_.']=I.13}
canked third. Surprisingly. the decision factor 1ssociated with sustainabihity m terms of energy

efficiency (mean=2.71. SD=1.05) ranked the lowest,
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Table 3, Perceived factors based on decision-making. B

et istics
Frequency - Respondents' Descriptive statistie
B Decision influencing factors 1 ranlélng Df;hﬂ faitnrs 5 Sp  Mean Rank
Sustainability in terms of 71 4
4 108 2.
energy efficiency A4 B 48 % 44 ]
Conservation policies 0 3 15 31 75 080 4 : 5
Performance for intended reuse 9 10 38 43 2B 111 35

_ Lifecycle cost
(capital cost.

i g 113 29
laimntenance cost, repair cost) 16 22 45 30 |

i : ; i ic =
In order to determine Whether or not the two categories (i.e. professionals and the policy

maker's) of respondents agree in their ratings, Spearman Rank-Difference Correlation C_ﬂﬁfft;
clent was used. Table 4 indicate the divergence of opinions among the respondents in relation fi-
the drivers guiding the respondents’ decisions on refurbishment of PHBs. The level 'm“ signi _
cance set at 0.05 yielded p value (<0.01) which indicate the significant difference in respon

ents’ rating. The result of the rank correlation indicates the respondents rated cnnsewgilﬂq
policies very high which signify their agreement and its priority over energy efficiency. While 1
could be seen that no other factor appears to be more important to the policymakers, perform-

ance for intended reyse appears to be the drivers influencing the decisions of the professionals
(mean ratings = 3.824),

Table 4. Spearman’s rank Correlation Coefficient test result on decision factors.
Spearman's
Mean Correlations
Decision influencing factors Professionals  Policy-makers  R-value  Sig (p)
Sustainability in terms of energy efficiency 3.075 2.273 -0.376 <0.01
Conservation policies 4.162 4.768 0.424 <0.01
Performance for intended reuse 3.824 3.091 -0.315 <0.01
Lifecyclgcuﬂ (capital cost, maintenance 3497 2 436 -0.424 <001
cost, repaitrcost) e e B
3.3 Perceived barriers to energy efficiency improvements

The technical and policy barrier statement provided were collected from
energy use reduction and formulated similarly to the statements on v
review in Table 5, ‘building complexity’ (mean = 3.85. SD = () 99
technical barrier. The next major perceived barrier was ‘risk of insulation’. Whilst the general
perception of the respondents on other technical barriers appears to be neutral, surprisingly, they
rejected that they give little consideration for low cnergy consumption (mean=2.627, SD=0.98)
The responses of both the practicing professionals and policymakers in relation to perceived
policy and regulatory barriers indicate their agreement to limited resources (ranked 1) as a

major barrier Following this is the absence of operational energy management policy for build-
: - d
Ing operation (ranked 2™ ).

literature related to
alues and priority. From the
) ranked the highest perceived
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Table 5. Percej .
erceived technical barriers to energy efficiency improvements
Technical barriers Strongly | Frequency of response Descriptive statistics
Disagree Disagree  Neutral Agree 5:;?5‘? e Rank
Energy efficiency (s gq,r) s zﬁw 19 51 8 . ;
— ) @6%)  (173%)  (@64% qavy W& e 4
space (1.8% 31 51 5
8%)  (19%) (282%) (d64%) (6w 000 TS
Low consumption “]]g,—;] {334;?'&: 33.:. = s 0.975 2.627 7
i:imited applica- ;r_; Z‘Em} {35?) “E?J “'g%} ' | I
i ( '-E%) 4% (303% (6% (3% 0% 329 0 |
Unaffordability 26 37 35 8 |
G6%) (a4 o) (13w 098 6 |
Risks involved Eu 19 22 49 18
M— (18%) (173%) Q%) @%) (164% 018 3¢ ‘
3 2 13 12 54 28
Complexity 0B (19% (L0 @osw sme 0% 385

According to the result presented in Table 6, the respondents a

tions and policies on refurbishment projects along with the listed status 0

~rdy ¢ =
3%) influence energy efficiency measures for sustainable projects.

Table 6. Perceived policy and regulatory barriers to encrgy efficiency.

gree that government regula-

f the buildings (ranked

Descriptive statistics

Frequency of response

ED“E}: andl Strongly 5 | Soreiisly
Bzgj:i;c}r} Disagree Disagree  Neutral Agree P SD  Mean Rank
ali 3% i
Sxfd = {2;%} (13.7%) m:fm {473;%) (1??} 097 356 3
Rl m.s;f?--a} ( 12}35} {Jﬂfﬁa: {4_???%} (1 ll.g%} 085 356 3
Management {Ugw | {;ﬂ I . ?; ) w‘ :H 073 360 2
Renewable f?.féh) o ::J " ' ﬁ'f:,.., 3 mf:%] 085 272 6
— 3 :
frg:if;:l;:k (1.25) m.? %) {:ja:r L
Resources {l;"ﬁ’:’:j l?_t o) (294 0 l:” {'i;'i':’h ] 093  3.65 I i

3.4 Strategies implemented for €

To determine the strategies
tion of more than one stral
ited to presenting responses
«Building services upgrd

sionals (55.5%). “[mprovements
renewable technolo

roach such as “sma
lar strategies

he the least popu

Im

gies ranked 3rd.
it metering” (ranked
implemente

egy adopted by the pro
to those who adopt or
de” (ranked Ist) as

nergy use reduction by heritage professionals in their projects
y use reduction, the survey allowed the selec-
fessionals. The descriptive analysis was lim-
do not adopt given strategies. Table 7 show
the most popular stralegy used by heritage profes-
fabric to reduce U-value” ranked 2nd while
s invasive and intrusive ap-
sign features, efc.) appear to

{ the respondents.

plemented for energ

to the building
Surprisingly, among the les
7th) and others (passive de
d by the least proportion 0
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Tabl S :
e 7. Current strategies implemented for energy use reduction b}ﬂagw
No

Yes R.an 4
Implemented ~ Not imple- b'"% d
b as
Strategies by mented by on
f % f Y o Yes
[Bmﬁrqven1ent§ to building fabric to reduce U- value 114 540 97 46 -
Eul ding services upgrade 117 555 94 445 :
ETgY management system 63 299 148 70.1 6
Smart lighting control 75 355 136 64.5 4
imart metering 36 171 175 829 7
Dﬂﬂﬂ‘-‘-*_ahfe technologies (solar, geothermal, biomass) 76 36,0 135 64.0 3
Oﬁfratmnal cnergy management policy & awareness 68 322 143 678 5
- ers (careful attention to air leakage; draughtproofing
windows, passive design features, secondary glazing, 14 66 197 934 8

voltage reduction, etc.)

3 ; 5 Y s , : '
Critical factors responsible for energy use in reuse of PHBs

_T“ _ldﬁ‘ﬂ’llfy the critical factors, exploratory factor analysis was used. This allows for the investi-
gation of the strongest factors: starting with the original data matrix and using multiple correla-
tions as th_e' estimates of communalities, principal factors were extracted after interacting of
communalities. Factors with eigenvalue greater than 1 were retained for rotation. The procedure
yielded two factors seven factors components presented in Table 8.

Lable 8. Rotated Component Matrix® result for factor distributions.
Component
1 2 3 4 5 6 7
Adaptation for energy efficiency 848
Building modernisation 831
Building energy management 619
Using technologies 540 475
Minimal consideration 864
Energy efficiency priority 808
Regulatory measures 198
Grade listing 026
Energy policy and awareness 554
Limited resources and grants 800
Lack of adequate framework H69
Limitations on sustainable options 783
Risks of condensation _
Building complexity -429 510
Heritage visual impact 867
Fabric U-value 809
Energy saving payback period 566
Extraction method: Principal Component Analysis. Rotation Method: Varimax with Kaiser normalization
a. Rotation converged in 8 iterations.

The factors extracted were identified using the features of the items loaded under each of
them and labelled according to their groupings as follows: Energy management (1); Design
decision (2); Government regulations (3); Limited resources and grants(4); Risks of cEmdensa-
tion and building complexity (5); Heritage visual impact and secondary gl,azing (6) and Fabric
U-value (7). The labelled factors indicate the critical factors to be addressed to achi
use reduction for sustainable reuse of PHBs. ‘ i
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4 DISCUSSION

Findings from this y o
icantly different mstLlS: SEIT; lt[;gt th;:: ?racncmg professionals and the policymakers are signif-
ference can be attributed to Ihi: lanlf ‘;“‘“—TE}’ use r;c[uc}mn in reuse of PHB projects. This dif-
have resulted from the impulse mﬂ l‘{i cuanmun'dweclmn.amnng the respondents. This might
the policymakers. And with Eﬂnamfm(:‘im 11;: delicate fabric of the buildings especially among
this iespedents pereeve Uil i -ﬂ ]}a‘rrii{ 1.1 Iruie:s seemmgl}’ so fastidious, it is not surprising that
Hence, they are less fnclined t‘n reducim ?I improving the energy efficiency m" these bu!ldnpgs.
shicv- that To: most respondents, an i ng the em:wnnmenta] impact n'f the buildings. Findings
these projects. Clearly, the I'I‘l':;';l ; !{if?_rﬂvenzie:_u me::nergy efficiency is not a qnvlng_ factor for
il B e L gni ‘n:ant river is non-energy related decisions like perfor-
Feniand G : users anfnrt angl external appearance while less attention 1S
0 environmental benefits of reducing their energy consumption.
build;mp Ih_rﬂﬂ most IIlipl?mEntﬂd strategies t_{} r‘{:du'l:ﬂ energy usc in practice was identified as
; B SETVACAS '-IPET‘{id& improvements to building the fabric to reduce U-value and renewable
installations. Meanwhile, findings from respondents who have achieved energy efficiency im-
provements to a significant and moderate extent indicated that energy management system,
smart metering and operational energy policy and awareness topped the most effective strate-
gies for energy use reduction. This is in contrast to the findings in Table 7 which showed that
these strategies ranked 5", 6™ and 7" which have only been implemented by few of the respond-
ents. It is evident from these findings that the cause of failure, in achieving the benefits of the
sustainable approach to heritage building projects is connected to the current approach in prac-
tice. Thus revealing the major shortcomings in many designs and planning efforts in recogniz-
ing appropriate strategies compatible for sustainable reuse of PHBs.
Similarly. the findings from the factor analysis show the leading factors classified into three
to address energy use reduction in reuse of PHBs are energy management in operational prac-
tices, governments’ regulations 1 relation to resources and grants for refurbishment project and
caution on technical approach (Fig. 1). It i< clear that heritage building industry perceives ener-
oy management to be the appropriate strategy that <hould drive and top the decision of designers
and facilities managers to achieve more effective and efficient reduction of energy consumption
in PHBs. Given that energy usc reduction is growing in importance as a core sustainability issue
for heritage buildings. the design professionals and the operators of PHBs have a great respon-
sibility to add sustainability value to their prejects and service delivery. This is could be done by
tacklihg; equally important ssues like improved design deci_s.inns that incorporate energy man-
agement at the planning level and 17417 e cbation of operational energy management policy at
the operational level. N | |
Much emphasis seems (o have pean 0 iy i Jitional energy efﬁclenc}'_ measures app‘hcaa
ble to modern buildings. Howevei G 3 the statutory conservation requirements fnr_llsted
buildings. application of these measures remaIns A =_'mul!|engmg' constraint on their sustainable
energy refurbishment options Nonetheless, 1€ :mn_':lugj; 15 -.:;t:ﬂnng up with the demand for bet-
: " For instance. information technology can help to

ent in listed buildings
.o and increase energy efliciency n PHBs through energy

data collection systems such as the installation of :u!tu;l_‘mtic nmni'fnring and t?[geling (AMT). In
addition, there are energy management Syslems (EMS) (e.g. EblghE Pj.-iéil:.T_xi:,I*_v'lS_. Eﬁnarg}fCap}
capable of collecting energy data through the use ol sub-meters. This 1s 1n l":,f with Carbon
Trust (2008) view that existing EMS have been shown to reduce energy use by 5%.

ter energy managemnl
manage, reduce energy consumpt

e e
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' U-value Technical factors .

Figure 1. Critical factors influencing energy consumption in reuse public heritage buildings.

The EMS systems could be used to identify and monitor daily energy use along wiEh other
range of sensor technologies to analyse energy use data and display relevant information that

could be useful to reduce energy use and consequently improve energy efficiency.

4.1 Implications for practice

The implication of these finding is that if energy use reduction is to be adequately addressed in
PHBs, energy management should top the priority for designers and facilities managers. The
pattern of use and/or activity, hours of occupancy, control settings etc. could vary enormously
and represent the greatest unknown factors at the design stage. Therefore, designers have to take
Into account this variability through improved design that incorporate energy management at the
planning level to ensure minimum environmental impact of their projects. Facilities managers’
should pay greater attention to developing written and effective implementation of operational
energy management policies at building operation level. Meanwhile, the idea of insulating the
historic fabric should be limited to certain areas (e.g. the floor and roof) only and with great
caution when occasion demand but put aside in favor of preservation of cultural values whenev-
er conflicts anse

5 CONCLUSIONS

The purpose of this paper was to identify critical factors influencing energy use in reuse of
PHBs that needs to be addressed from stakeholders™ perspectives. To achieve the objective of
this paper, adaptive reuse literature and stakeholders™ theory guided the study to identify the
stakeholders' priorities, drivers, barriers and perception of energy use reduction for sustainable
reuse of PHB projects. Drawing on an online questionnaire survey, broad understandings that
evoke the critical factors for sustainable reuse of PHBs is provided. This study underscores the
need for environmental sustainability planning incorporated early into the design to accommo-
date unknown non-generic factors influencing energy use in PHBs. In conclusion, energy use
reduction in refurbishment of heritage building assets would require greater consideration to be
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given to energy
managem B ,
gement and improved operational practices. Improved government and

institutional inyol

; vem :

Suﬁtalnable S DfP[ﬁESlhﬂrﬂuﬁh ‘ﬂdﬂqualu _l'undmg and VAT reduction would also encourage

rating when compared " | Eﬂ istically, heritage buildings might not attain a high sustainability

minimized if the critical f fltlrl;m}dgm building counterparts. However, energy use could be
cal factors identified are adequately addressed.
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