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ERGY EFFICIENCY FOR SUSTAINABLE REUSE OF PUBLIC
ENE ERITAGE BUILDINGS: THE CASE FOR RESEARCH

O K AKANDLE, D. ODELEYE & A. CODAY
Depanment of tngineenng & the Built Environment, Anglia Kuskin University, Chelmsford, UK.

ABSTRACT

4 wide consensus that buildings, as major energy consumers and sources of greenhouse £as cmis-
There i Jav an important role in mitigating climate change. This has led 1o increasing concern and greater
\3\""‘_ "ﬁ: |Im;;n“ ¢ energy cfhciency in buildings. Although, there has been increased efforts to reduce energy
&:fr o from existing building stock: the heritage sector still needs to aceelerate its efforts to improve
'.fm:\ ctheiency and reduction in greenhouse gas emissions. I’rcs.cnlly. much concentration has been on
:Tﬂ_‘." Aing the energy ellicieney of hcnt.ugc hmldlqgs in lhg domestic sector while, the non-domestic sector
s_‘\ oy recenved little attention. l‘n ‘pumcul:lr. studics focusing on reuse and aflaplalinn of heritage buildings
1 ,n.:h’h; gse 1o achieve more ptllnunl use of encrpy are urgcnl'ly rcqum;d. 1 Il.c main focus of this paper is
¢ peed 1ar rescarch into sustainable reuse of public heritage buildings with reference o maximising energy
cincency in the provess of considenng their conversion (o other uses. The paper presents part of a broader
agoing toxearch with the aim 1o investigate problems associated with maximising energy efficiency in reuse
@ coaversion ol pablic hentage buildings. It identities the ability of heritage buildings 1o play a role in global
reguction of enerpy use and C 0, emission whilst maintaining its unique characteristics. Issues and challenges
savialed fo improving energy efficiency in hentage building conversion projects were discussed. Holistic
yywaach through identitication of vanous options and innovative techniques for their sustainable reuse were
sazeied. The paper concluded that in spite of the exemption of listed buildings from energy performance
reguements, these buildings can still accommodate some encrgy efficiency improvements. However, (urther
St o adentify the most suitable opuions for long term sustainability is required if the goal to reduce green-
s pas emusaons by 80% by 2050 is 1o be achieved.

krwondy: Adapiation. conservation, conversion, refurbishment, energy efficiency, heritage buldings, renewable
whndogs, rewse, sustatnabiliry.

I INTRODUCTION

fwide attention is currently focused on the widespread impacts of global climate change and
s ol greenhouse pas emissions. A big and well documented global opportunity exists to save
::;:’:yr'ﬂ.iucc izrﬁcnlmuw gas cn'ni:ssinn by using ctlcrg)' more cl'li'c‘icnll)'.’Build.l.ngf ?'%"pt‘cafnt
hin g t‘duuu; ‘f“d' 45% 1] of many European countries energy needs. I-hc UK h‘u.s .\lgl?llflt.d'l.lll(.'dl}
hicving i LJ;};\ f:h over the coming d%’Cil(?L‘s. and reducing energy use is nnc' czl the m.nn'\\ ays 0
dve :ldu\ ¢ energy L'“!CIL'I.IC)" of butldings has been targeted by the UK government in s

; e greenhouse pas emissions by at least 8045 by 2050
I 1. iﬂdica}lu‘ that buildingy’ LnCrEy usage can be L’U.\l-CH.L‘L’Ii\L‘-l}’.rCflllCc.L] tty s&rmcl
iy “I‘m‘]'d“l\'"dlnr on how 2050 emisstons reduction targets are met it s likely that many
’ " hisve 1 pg significanty further [2]. According to estimates by the Carbon Trust. non-
Disting o1 d::!;:!ifl-‘r'" UK account for approximately 2()‘!? of all calxrluTl‘\ %‘mi.\xiun‘_\ul.ll.. T}llnllrx L«:‘IL :r:
""‘“Uuzp;,m s ki thngs _hd\‘t‘ been described to be operating very inelliciently because _St "n:r
"uctigng m(} gh (4], Therefore. they are increasingly recogmised as one of the hey harr.ur.x‘nu |‘j~

mpr; * mssions. This comes most sharply in focus where buildings have heritage vatue.
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,(;_c,_including consll:uctiun)‘panicsllar]y 'when performance in terms of cnergy consumption in use
canbe improved. This act of retaining existing elements of construction in old buildings and secking
o enhance their thermal performance, rather than replacing them, has become part of heritage con-
servation principle in linc with sustainable development [18, 19).

However, many old buildings use large amounts of encrgy and also have poor internal conditions
for occupants and generally do not meet current requirements or expectations. Their common envi-
ronmental problems also include: high heating demand, poor lighting, poor ventilation, solar
penelration and glare, poor control of heating and cooling, clc.

2.1 The need for energy elficiency in reuse of heritage buildings

Many previous studies have concluded that it has become necessary to work more efficiently with
the existing building stock rather than simply opt for demolition and redevelopment [21, 22]. Hence,
more studies are increasingly focusing on the adaptation of existing buildings to achicve more effi-
cient use of resources, reduce energy consumption and greenhouse gas emissions [23, 24]. In recent
years, redundant heritage buildings have been converted to other functions either for private or for
public use. Therefore, reuse of historic buildings can be considered as a sustainable practice of utilis-
ing an aiready existing resource. However, their heating and cooling to current-day comlort standards
has been a real source of energy consumption while, at the same time, their conservation are faced
with many challenges of meeting global challenge of coping with climate change and maximise
energy efficiency without sacrificing their special character.

The Directive on the Energy Performance of Buildings [25] and its recast {26} introduce incen-
tives and obligations for public and private scctor to save energy and reduce running costs. However,
historic buildings are excluded from these commitments as stated in the recast: ‘Article 4 - Setting of
energy performance requirements: Member States may decide not to set or apply the requirements
referred to in paragraph 1 for the following categories of buildings: buildings and monuments offi-
cially protected as part of a designated environment or because of their special architectural or
historic merit, where compliance with the requirements would unaccepitably alter their character or
Uppearance;’ [26).

‘ Although the actual building regulation exempts listed buildings from cnergy performance
improvements, however, many existing public heritage building stock still remains as energy con-
sumer [27] while energy savings in historic buildings can go hand in hand with heritage conservation.
A}YPica! example is shown by an infrared image of heat loss of the Houses of Purhumcr?l. in Fig. 2..
Itis therefore important to take advantage of the opportunitics 10 improve the cnergy cllngncqcy of
these buildings when they are been refurbished or adapted for a change of use. ch'cc, as mdlcul‘cd
-V_!Gki’m and Gigliarelli [28] the enrichment of knowledge and scientific rcscarcl‘l ml.o the Sl.JSlll:ﬂ-
ab"")' and energy efficiency in reuse of historic buildings is imperative, considering Lheir vast

- Potenia] over Europe.

227 .
he tmerging area of concern

gistered in UK. In 200(). there wcr:

:ﬁarly 22.5 million dwellings in England [30]. Although the exact m{mhu‘r?' l.hul :irc hsttiellf l:(c) [r::rl‘ I\:’cn

o duc to the increasing number in listing, however, Enghsh Heritage ‘.s I‘I’g.urc..: ;:jn : Ol(.) IE)( o

indiy; b,uil(_j]ngs that are domestic are 37.8% and_a[?plylng t'ha‘l l(T the c,sltli::lal . 1.% (; o ok

|dual_hmlding3. it can be inferred that listed building represent apprm% T thberof
- Of dwellings [30]. The Institute of Historic Building Conservation estimate

P ) .
esenly there are many existing buildings that are heritage re
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: ate of cs :missions for listed and
listed buildings put this figure at 1.5%. Assuming the same rate Orf(;jdfh(i?] ;:T:;slflls(iz: Lot:ul”dingS m
unlisted building, it can be inferred from this that the conlrlbuuop 0. LSI&' s 130
carbon dioxide emissions must be around 0.25% of all carbon dngl(!c CmI'SS"Of"-” > m- ortion of he
Although buildings of cultural heritage significance are quantitatively a sma 1 )prcgucin“ areen-
building stock, they are, nevertheless, significant in terms of thI{“C(.)nll‘[hulloln h(- hroadcrcufn15 of
house gas emissions through measures to improve their energy cl.hcu:ncy and L L > o adapiie
achieving sustainable development [31]. An extensive review of scholarly lllcrdlUl:Ll e e
reuse of older (including heritage) buildings from the 1970s onwards shows that the driving

o T . . ical [32-36]. However
behind the reuse of these buildings was functional, technical and cconomical [32-36]
there is litle or not much em

e and
phasis on their energy upgrades. At present, pub“-c h.:stol:z";“:()
traditionally-built structures are considered for other uses; this creates an opportunity for
play a role in reducing their carbon emissions. Thev were buill
Traditional buildings are gencrally regarded as those structures built before 1919. They \I ” These
from 4 limited palette of largely natural materials that were more or less vapour pcr{ncub'} 'hclll in
buildings are commonly perceived ag energy inefficient |37, 38] with a high proportion of {
use for housing where pressure for energy efficiency improveme
Jects relating 1o refurbishment of heritage
have heen applicd in termy of cnergy ¢
cally feasible. While these

. any ro-
nt is high. Although, mn nl-l“:wEm
s i ic sector, different measure
buildings especially in domestic sector, d'“"r: technologh
ficiency 10 geta feel for what is 1echnically .umhlic heritage
ly mnierventions require a greater attention in conversion of pu i
buildings, the how it can |

. o in conversion pre
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rea of concern,
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2.3 Potentials of available technologies (o improve energy efficiency of heritage buildings
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I::\':B':;::E';:J:“:‘ A€ Casy o implemeny ang indispensable for successlul ref ur.hls::)"?];t ilplmﬂ
become clear g o o Wll‘ILcllcrgy-rc!;|lc(, upgrades. Since the first cnergy ooy l.n, on both €
o and demand igeg |35 3 o SECurity of cneray supply is energy )1 b viowed eeEY
4 25 8 generoys o l In this ard, a wide range of literature (40] has :! | concludctj
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adertahen 19 extend Bulding Trte and beter copture the enerpy savings avindable througls newer
et ‘

jx polopics: .
Currently. encipy eliviency technotopios and thew mnovative application that have been developed

plobe could be dhvided between the design phase amd the operational phase: Although in

aronnd the i
IS |h;-‘|m~.‘.\|l-|hlu-\ are wider, many times only alter the binlding awarencss on el

dostn ph

{hw .
ol und better use of resoutces tarpeted. However, il is possible Lo gneorporate energy

ceney 18 T
pfficiency measurvs and better use of the renewable resources i lanlding< i ther operational phase
o when they ane converted o other uses. A typreal example and trend ol these possibihties wis dem
““‘"'“"“ m the peturhishment of the 110 year old Renewable Enerpy House (RET Brussels,

Ly Renewahle Eneny House wars relurhished to mimpmise enerpy consumption and to explore
difterent methods Tor mieprating renew able encrpy technologies, making 1t a 100 renewable
enerpy bl Tagores Vand A show then Tagades belore and atter refurbishment. The concept was

it

wened on the one hand o yeduce the annual enerpy consumption for heating, ventdation and ar
conditioning by 50% compated 1o a reterence budding and, on the other hand, to cover all the needs

for heating and cooling by 1009 renewable enctgy sources. The bunlding was equipped with a senes
ol enerpy efhiciency technolopies tnsulation of the tacades and root, laphly efticient double plazmyg.
hgh elficiency Tamps, ventilanon with heat recovery ). 1009 of the buildmg’s heating and cooling
demands were also provided by renes able encrpy sourves (homass wood pellets, peothermal heat
mp, solar thermal heating and absorption cooling). In addiion 1o these measures, the burldiny
features the Tatest photovoltaie (1'V) technolopies (modules, thinfilm, semi-transparent) for the pro
duction of electricity. 1t was observed that m the RETs refurbishment project, all measures
implemented contributed (o reducing the energy consumption of the butlding n addition o the
benetit of inercasing the comiort for its tenants.

The successful implementation of these medasures could therefore be commended as it demon
strates that it is not only possible (o sigmficantly reduce a building's encrpy needs, but also o deal
with the multiple constraints associated with heritage butldimg whilst otlermg & 1007 renewable
enerpy supply. This could be arpued agiinst the notion that it is ditficult for hertage buldings 1o he
adapted to integrate energy elficiency measures with combination of avatlable top-ol-the-art renes
able enerpy technologies for fear of changing their nature and appearance.

_ Although a certain degeee of caution needs (o be maintamed when making plans for reuse of her
ttage buildings, for reasons of the fact that what is obtainable 0 a particular burlding: cannot e
generalised for all buildings as cach butlding needs 1o be treated on case by case basis
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Table 1: The impact of different energy improy

Cments,
Energy saving Impact on —~——
res nergy si ae uppcumnw
Measures
Lolt insulation k l!gh tm\t
Ground floor insulation H!gh ! o
Central heating improvements H!gh Low
Draught proofing High Low
Encrgy efficient lighting M‘odcralc Low
Internal wall insulation High Modcrate
External wall insulation High Moderate /High
Window improvements High Moderate MMigh
Solar thermal hot water High Moderate/High+
Photovoltaic panels Moderate Moderate/Hi gh*

*The aesthetic impact of renewable ene
for some buildings which

of their fabrc.

rey technology that may not be Suitable

are listed or in a conservation arca baseq on the nature

Source: Eco-refurbishment and the historic environment [44].

The aesthetic impact of renewablc energy technology
building, and these measures may not be suitable for som '
vation area depending on the nature of their fabric, However, il a measure is sensilively :ﬂllcd _lhb‘
aesthetic impact can be reduced from high to moderate, depending on the building, its on'c‘m’uunn.
and location and other factors, Though al] heritage buildings may never reach the cnergy elficiency
standards of a new build becay i

=3
~ . - - 1 S} i ¢ ) ‘rﬂv
s¢ of certain conservation principles, there are still significant energ)
savings that can be achieved in many others,

may vary considerably with location and
¢ buildings which are listed or in a conser-

2.6 Energy cf ficiency improvemeny of existing heritage buildings: conflicts and constraints

10 upgrade (he Structure, the fabric and the buildi
standards ang legislation. Among other fa
Mmate change, hyye Minimal cnvironmeny
and secure ang comfortahle internal eny;
change of e How Crventions |

i ever, int

hohstfc Study in orer 10 addregg poten
chemical incompatihilil'y of old with ne
knowledgc On restoration applicationg
- lhat may result 1o dil’licullies are shov;

The challenge for refurbishing ang upgrading existing stock is immense — refurbishment Pm_u::;
sty necd ng’s services whilst c01n’P|Y".‘x‘§{“ch_
clors, they should also address the polcnliul‘cifcu‘.:rz o
al impact, conserve heritage buildings, prm"d“l" mmhlc for
ronments as well as produce spaces that are &K,‘?prcquirc )
hvolving encrgy clficiency in heritage luul'dmp”umm_c‘
tal risks such as: moisture and condensation (qulctmn
W construction malerials, failures due to limited t‘(::)‘ns(minl.\
With sustainable technologies [28]. Some of the
nin Fig. 5

and discussed below.
2.6.1 M()diﬁcation of buildip,
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a spoiling of sppearance and or loss of historic fabric. Therelore, it is important to remember first (o
identify the significance of the building, which requires an understunding of the nature of the struc-
wre. who values itand why, how do the values relate to the fabric and what is the importance of these
values relevant to the reuse advantages.

This understanding and articulating the values and agnificance of bullding for rense 1s necessary
1o make informed decisions about the energy efficiency improvements (o be carmed out. Without
their due consideration, all the good intentions of reuse initiative will eventually compromise the
cultural significance for future generations to come. 1t s therefore paramount to understand the his-
tory of construction, modification and use. cultural sigmbeance and protected status, 10 1s also
important to get grips with the performance, intended performance and changes in intended perfor-
mance along with performance in use [46],

2.6.2 Thermal bridges and wall insulation

According 1o Oxley Conservation [45), most tradiconal buldings are built with stone, solt bricks,
timber and carth using carth or lime based mortars and renders, These matenals allow moisture o be
absorbed and then to readily evaporate, allowing the building to ‘breathe” The levels of dampness are
‘controlled” by the ready evaporation of moisture. Tradittional buildings create particular challenpes
when considering them for enerpy elficiency measures, Ttis acknowledged o much of the Iiterature
that the behaviour of moisture within traditional constructions 1s likely to be different from that within
amodern building, and that the insulation of these buildings alters moisture balances [47].

This poses much greater risk of condensation occurring in heritage buldings as a resolt ol wir
leakage which transports water vapour through gaps, joints and cracks in the building fabrc. In
worst cases, when the walls become cold and wet it can cause a rise in U-values and a reduction in
thermal performance. English Heritage [48] guidelines on adding isulanon into existmy penmeable
construction states that insulation which has hygroscopic propertics should be used as this olfers a
beneficial *buffering” effect during fluctuations in emperature and vapour pressure, thus reducing
the risk of surface und interstitial condensation occurring.

However, high levels of humidity can sull pose difficulues even when the insulation is hypro

- seopic. Insulation materials with low permeability are not entirely incompatible with older

construction but careful thought needs 1o be given o reducing levels of water vapour moving throuph
such construction cither by means of ventilated cavities or through vapour control Layers [4%]. The
Movement of water vapour through parts of the construction is a key 1ssue when considenng thermal
upgrading of heritage buildings, Many other factors necd 10 be considered to arrive at an optimum
solution such as heating regimes, the orientation and exposure of the particular burlding.

With regard (o internal insulation in reducing heut Toss due to thermal bridging around windows,
doors, floors, party and partition walls, roof-wall junctions and hintels, Andersson [19) and Schimeder
[50] identifies limits to the effectiveness of internal insulation. Schnieder {50] observations showed
that there s decreasing marginal returns on the thickness of insulation o walls due 1o unavordably
lh.cnnal bridges. Andersson [49] however found that where hitle or no insulaton 1s possible on cer
tain thenmg| bridges, such as window reveals, the possible insulation values of the whole wall becume
reduced considerably. In a study relating to the difficulty of deahny with thermal bridgsng when
pplying external wall insulation. Hooper ef ad. [S1] also highlighted numerous cxamples of thernial

dging in houscs fitted with external wall insulation

2 - , A :
8.3 Air tightness ( inadequate ventilation) and risks of health

Mechanical ventilation and heat recovery systems (MVHR) are sometimes specilied ay part ol
c . - * B £ » g afce
,"“TQY-cfﬁclcm refurbishments: however. such systems rely on buldings beang well aealed to
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4 spoiling of appearance and or Io:ss of historic fabric. Therefore. it is important to remember fiest to
identify the significance of the building, which requires an understanding of the nature of the struc-
yre. who values it and why, how do the values relate to the fabric and what is the importance of these
calues relevant to the reuse advantages.

This understanding and articulating the values and significance of building for reuse is necessary
10 make informed decisions about the energy efficiency improvements to be carried out. Without
their duc consideration, all the good intentions of reuse initiative will eventually compromise the
cultural significance for future generations to come. [t is therefore paramount to understand the his-
tory of construction. modification and use. cultural significance and protected status. It is also
important to get grips with the performance, intended performance and changes in intended perfor-
mance along with performance in use [46].

2.6.2 Thermal bridges and wall insulation
According to Oxley Conservation [45], most (raditional buildings are built with stone, soft bricks,

timber and earth using carth or lime based mortars and renders. These materials allow moisture (o be
ahsorbed and then to readily evaporate, allowing the building to ‘breathe’. The levels of dampness are
‘controlled’ by the ready evaporation of moisture. Traditional buildings create particular challenges
when considering them for energy cfficiency measures. It is acknowledged in much of the literature
that the behaviour of moisture within traditional constructions is likely to be different from that within
amodern building, and that the insulation of these buildings alters moisture balances [47].

This poses much greater risk of condensation occurring in heritage buildings as a result of air
leakage which transports water vapour through gaps, joints and cracks in the building fabric. In
worst cases, when the walls become cold and wet it can cause a rise in U-values and a reduction in
thermal performance. English Heritage [48] guidelines on adding insulation into existing permeable
construction states that insulation which has hygroscopic properties should be used as this offers a
beneficial *buffering” effect during fluctuations in temperature and vapour pressure. thus reducing
the risk of surface and interstitial condensation occurring.

However, high levels of humidity can still pose difficulties even when the insulation is hygro-
scopic. Insulation materials with low permeability are not entirely incompatible with older
construction but careful thought needs to be given to reducing levels of water vapour moving through
such construction cither by means of ventilated cavities or through vapour control layers [48]. The
movement of water vapour through parts of the construction is a key issuc when considering thermal
upgrading of heritage buildings. Many other factors need to be considered to armive at an optimum
solution such as heating regimes, the orientation and exposure of the particular building.

With regard to internal insulation in reducing heat loss due to thermal bridging around windows,
doors, floors, party and partition walls, roof-wall junctions and lintels, Andersson [49] and Schnicder
150] identifies limits to the effectiveness of internal insulation. Schnieder [50] observations showed
that there i decreasing marginal returns on the thickness of insulation to walls due to unas oidable
:;Cl:"hal] h'tidgc.s. Andersson [49] however found that .u‘hc'rc lie or no in_\‘-ul;fliu‘n 1; P;“:Ih]l;l”n:;;
Ttduc,;jmm b'ndgcs. such as window rc_vca[s. the pn.Sfi.lhIC nwu!auon_ \fuluis of ;}I‘L \\‘ rlul :ﬁ \l "ni"(:\:;hcn
Dplyin Cf)n5|dcruhly. [n a study relating 1o the dl“lCU!l_\:’ nt.dcul:ng with lu.r‘n?.l l::. g

tides & external wall insulation, Hooper et al. [51] also highlighted numcrous examples

EIng in houses fitted with external wall insulation.

of thermal
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function effectively, This could posc serious danger of CT‘;“;"“.&‘» l“"%“‘“"} hcal-th Problemy
ritage buildings and the occupants. Based on lhf: n;slurc of t \L‘ll‘ _conslrucuorT, historic and trag;.

l:;:,:‘lgt:u?l‘ﬂings need ventilation to preserve the fabric, 10 maximise cvaporu.uon of moisture ang

mui;uain an acceptable equilibrium. However, STBA [47] has argued that suitable ey

. . i A \ sof veni-
lation for traditional buildings constructed of moisturc-active (1.e. ‘breathable ) materials gy

14

unknown.

Cyet
Oxley conservation [45] stated that the provision of excessive or poorly thought out draught progf.

ing to achieve an arbitrary level of air tightness could lead 1o mould growth, associated healiy
- ¢ : I x 3 1 ot Mt ..

problems for the occupants and the conditions for fungal decay and insect autack for traditiong)

buildings. Meanwhile, a more recent paper by Bone er al. [52] emphasised a real need for large-scale

longitudinal studies to assess the relationships between energy efficiency, ventilation, indoor ajr
quality and health.

3 HOLISTIC APPROACHES FOR SUSTAINABLE ENERGY EFFICIENCY IN REUSE OF
HERITAGE BUILDINGS

There are a number of other ‘unknown quantitics” involved in refurbishment projects, in particular

when dealing with conversion projects such as churches, warchouses and other industrial buildings.

Some of these complex refurbishment and adaptation projects can be problematic in terms of energy

efficiency and may result into air tightness and heat loss problems, resulting in higher than expected
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energy COSIS: These will .rcquirc a holis.lic approach lhrough some thorough surveys of the existing
quctires and cons@Fru!non of other suitable flnd appropriate options through innovative techniques
Jad application of dﬂfcrct}l energy technologies. =

These should be done n an 1nlcgrau.:d way, within and for a building, if technical and project
mnanagement problems are not to rcsull. in over-runs in both time and budget. The holistic approach
should consider many factors ;.md lh.CIl‘ |.mpl|cauons for the building when incorporating energy
officiency MEASUres in conversion ol heritage buildings. The factors as shown in Fig. 5 includes
constraints of character of different grades of listed buildings, structural, technical, financial and
Jegal aspect along with other characteristics such as:

predominant Climate of the area
Management style (i.c. energy management strategies such as active and passive measures)

« Building function

o Fuel type

« Heating, cooling and ventilation system

+ Identifying the building’s total needs and options

« The building’s inherent energy cfficiency features

o The history of the building and energy usc

+ Possible unintended consequences of application of modern technologics

» The building’s current situation, ¢.g. what works and what may be problematic

The key to long term sustainable refurbishment projects and improvement of energy efficiency of
heritage buildings is in the identification, combinations and selcction of the most appropriale encrgy
efficient options for intervention for any particular building.

4 CONCLUSION

More efficient energy use in buildings continues to be one of the most untapped potential resources
of _v.'xluc. The barriers and the constraints to accessing this untapped resource, especially in heritage
buildings, are numerous and complex, but they can be overcome. To achieve this, it is important (o
draw valuable Jessons from convincing rcal-world examples that demonstrate these possibilitics.
I_{OW""”- the stakeholders in the heritage industry will need to overcome their reservations about the
IL:]“";:«I:::‘);IIK) of energy cl‘ﬁcicpcy and- building conscrvu'lif)n. With rclcyan_l rcsc%lrch. in‘no\.'aliYc
hcﬁmng -F{)(:?r()achcs‘ along'wuh flexible rcgul:lmry. policies, energy cl ﬁcwn’cy 1{11!)r;])\'l<,_m.t,n'l 13
S’"L‘rgisticul' Ings can hL: uchw\{cd. Ina worI(‘J §lrugglx!1g o c.on.l ront cllmatc‘ ch.‘mg't.. JF 0 |s[1;]c .n:h
the mgl-”a[iunnroach'for improving energy L.'l'hcwnc_y ('.)I all buﬂdmgs must be a p'rm‘r:l'y. 2V u’1‘ 10:1,[__"
Many of lh"“ .f“l' l?m.ldmgs exempts most listed buildings Irom energy pcrfn‘rmdnu.’lm‘pl;(?\:.hnr:u ‘.h.
op'joﬂsavai?s;,t)UI]dlngs can and sﬁhoul.d. th -uhlc to accommodalte somc. ‘nn'p-r(zw..mu-:r; ! g()é"

2050 i loab: for.long term sustainability il the goal 1o reduce greenhousc gas emissions by 84

: > achieved.
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