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ABSTRACT:

Energy efficient design is a high priority in the national energy strategy of European countries considering the latest requirements of
the European Directive on the Energy Performance of Buildings. The residential sector is responsible for a significant quantity of
energy consumptions from the total amount of consumptions on a worldwide level. In residential building most of the energy
consumptions are given mainly by heating, domestic hot water and lighting. Retrofitting the existing building stock offers great
opportunities for reducing global energy consumptions and greenhouse gas emissions. The first part of the paper will address the
need of thermal and energy retrofit of existing buildings. The second part will provide an overview on how various variables can
influence the energy performance of a building that is placed in all four climatic zones from Romania. The paper is useful for
specialist and designers from the construction field in understanding that buildings behave differently from the energy point of view
in different climatic regions, even if the building characteristic remain the same.

1. INTRODUCTION then compared to reference ones. Therefore, the energy
performance of the real building will be compared to the energy
1.1. Generalities performance of the notional building (i.e. reference building).
) ) The parameters that make up the notional building are provided
The economic strategy of sustainable development clearly, the C107: 2005 and C107: 2010 Romanian Standard for the

requires promoting rational use of energy at national levelermotechnical calculation of the construction components of
starting from the completion of objectives and measures,jiidings and, which are freely available.

necessary for most important sectors of final energy

consumption, including that of the households. According torhe energy consumed in buildings is influenced not only by
the World Business Council for Sustainable Developmentiemperature, space ventilation and climatic conditions but also
buildings account for up to 40% of energy use in most countriegy the constructive details and building use. Thus, energy
being responsible of about 36% from the totab@®issions at  efficiency of buildings is enhanced by the following factors

the European Union level. (based on C107 Norm):

In Romania the national profile of final energy consumption, ,erma insulation of building components: therefore the
distribution is represented by 17.5% in industry, 68.6% in  paat josses will be reduced:

: o o
economlg tset(;]toré, and atl)Joqt ?]1'4f’ f'nbbut”iﬂgs 'g‘smta”ef shape and building orientation: the building envelope has a
compared to the European Lnion level of abou 0). As it can great influence on the heat losses and heat gains;

2ﬁeorbse;¥f?§;:§ b;'rllgmt%i:egglzgﬁs ?h%re:r:;rharigr‘]émﬂr?g%g thermal inertia (mass): represents the thermal property of a
gy Y 9 ay P material to maintain interior comfort temperature without

and the environmental impact. heating or cooling the space. It reflects the capacity of the

In order to identify if a building is energy efficient or not, building envelope and components to absorb and delay

several indicators are calculated and the established values are

* Corresponding author.
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variations of exterior temperature and heat flowsegated
by solar radiation and by interior heat gains;
« ventilation: includes refreshing the interior aittwfresh air

and also ensuring comfort during summer time. Air

conditioning is mainly oriented towards controlledtural
ventilation due to energy savings
drawbacks related to mechanical ventilation;

« harnessing solar energy: nowadays a range of eodvieg
technologies can be used such as solar photowsgltsadar
thermal energy, solar heating and others;

» daylight harnessing: energy reduction can be obthin
through improved strategies for good daylight dedige
shape and dimensions of glazing surfaces, avoigdingow
obstructions by trees, colouring opposite surfageshe
windows in light nuances and others.

The energy performance of buildings is the effectior
estimated energy consumed in order to meet thesrredated to
the normal use of the buildings. The energy condiomg are
given by space heating, domestic hot water condompspace
cooling, space ventilation and lighting.

The energy performance of buildings is given by adiamal
calculation methodology described in Mc0O001 anexisressed
by several numerical indicators that are calculdtased on the
thermal insulation, technical characteristics o€ thuilding
envelope and building services, design and locatibrihe
building in relation to exterior climatic factorssunlight
exposure and influence of surrounding buildingsn@eurces
of energy production and other factors like interio
environment, factor that also has a significaniugfice on the
energetic performance of the building.

The next indicators are expressing the energeti@abeur of
the building:

e theenergy class (see figure 1): is established based on the
several

values obtained through calculations for
consumptions and the overall consumption of th&dng;

cC|D |E
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Figure 1. Energy consumption class (a) heatingh¢b)water
consumption, (c) cooling, (d) mechanical ventilafi¢e)
lighting, (f) total energy consumption

KWhim=an
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requirements and

* the total energy consumption of the building: based on
the calculation made on the building envelope theual
heat demand can be established in kWh/year. By idiyid
the annual heat demand to the useful surface diufiding
the heating index required for heating will be daf¢a in
kWh/nfyear. The total energy consumption in kWhymar
will be established based on the energy consungptibthe
building utilities;

« the CO, equivalent emission index: knowing the specific
energy demand of the building and the type of fusgd,
using the conversion factor, the primary energy ataby
fuel type can be calculated. With the energy demaaide
and CQ emission index de annual G@mission can be
established.

1.2. Thermal retrofit of buildings

The thermal modernization process of a buildingiven by the
measures implemented for an existing building iwleorto
improve thermal insulation and the airtightnesshef building
envelope, thus reducing the heat losses and egsuha
minimum comfort and hygienic conditions, includiagoidance
of superficial and interstitial condensation risk. second
consequence of optimizing the thermal performantethe
building will consist in reduction of the energynsumptions
and hence the pollutant emissions throughout tleeyicle of
the building at a level set by the European andonat
legislation,

The thermal rehabilitation (retrofit) of buildingsas a dual

effect on the hydrothermal behaviour of the buitdin

« in the cold season of the year when the heat Idkseagh

building components are usually bigger, after thermal

rehabilitation process a significant reduction bé theat
losses is achieved and hence of the energy consunmgpft
the building,;

e in the hot season of the year there is a great need
reducing the energy used at cooling the interiacep. This
energy demand is reduced both by placing thermal
insulation systems on the exterior surface of thédmg
components and by placing shading devices at gazin
surfaces.

The interventions are made both on the buildingetape and
on the building services. The final aim of the oéitting process
is to bring as close as possible the energy pedoece of the
building to initial design phase values.

2. CALCULATION METHODOLOGY
2.1. Global thermal insulation coefficient

In order to establish the thermal behaviour of thelding
envelope the global thermal insulation coeffici&tmust be
established. The G coefficient represents the aimot@irheat
losses by heat transfer through the building empelo
components without taking into account the solaathand
interior heat gains. The calculation methodologysofW/ntK)

is given in C107 volume 1 for residential buildingsd C107
volume 2 for other types of buildings.
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For residential buildings the following formulaapplied:

sz. (T
G :++ 034[h 1)

where: Ly is the thermal coupling coefficient of the
construction element type ,m” (W/K), establishedapplying:

= A

mj_R.
m

@

The obtained value of Q must be compared with areete
value given by QN (kWh/ryear) given in C107 Norm- book 1:

Q=QN (6)

2.3. Annual energy demand for heating calculated based on
M c001 methodology

In order to establish the heating energy classefhwilding a
simplification methodology was established for a#ting the
heating index required for heating. Several heaintjties will
be calculated: heat quantity necessary for hedéisgthrough
the building envelope componentg.§ heat quantity necessary
for heating lost through ventilation,&, interior heat gains Q
solar heat gains QThe efficiency of the heating system will be

where: Ry, is the medium adjusted thermal resistance of theiso considered in calculations and the heat dyaati the

element type ,m” (IFK/W),

source will therefore be establishegQent source The quantities

Anj is the area of the construction element type ,m”established will be in (kWh/year). In order to itign the

(m?),
V is the interior heated volume of the building®(m
7;is the temperature correction coefficigq)tcalculated
as it follows:

LT

=—— 3
T ?

where: T is the calculation temperature of the interior

environment of the building, for residential builds a design
value of +20 °C is recommended,

Te is the calculation temperature of the exterioriemment
based on the climatic zones existing in Romarftaf £-12°C,
M T=-15C, I T=-18°C, IV T=-21°C,

T, is the temperature of the unheated space, otte@idnT;= T,
or exterior environment; = T,

T'; is the temperature of the interior space next he t
construction element,

n is the natural ventilation speed of the buildftige ventilation
rate) given by the air exchanges per hour in aesft).

The G value obtained for a given building must bmpared to
a reference values given by C107:2010, using thevioig:

G<GN (@)

where: GN is the reference global thermal coeffici@V/ntK),

established based on the number of levels of tlieibg and
the ratio between the area of the building envelapend the
heated volume of the building V.

2.2. Annual heat demand calculation based on C107 norm

The annual heat demand Q (kWfhiear) is calculated with the
following formula given in C107 norm:

24

100C

= CINLG-(Q+Q) ®

where: C is the correction coefficient (-),
N%, the annual heating degree daysiéys),
Q interior heat gains (kWh/ffyear),
Qs solar heat gains (kWhfyear).

heating index g (KWh/nf'year) the following will be applied:

q_ - Qheat.vent.source _ Qi +Qs
inc
Miseful Miseful

where: Aseris the useful area of the buildingZm

™

3. CASE STUDY
3.1. The case study approach

The paper analysed the energy performance of astirexi
building in comparison with other solutions for tbeilding,
with a focus on the influence of the climatic zomkere the
building is located and on the number of the baiidievels (i.e.
height regime of the building).

In order to establish the proper thermal rehabiditasolutions
for the existing building the calculations weresfimade on the
existing building and the reference building. Aftards two
thermal rehabilitation solutions were proposed wita aim of
increasing the energy performance of the building.

For the second part of the study the building wassitlered in
the first thermal rehabilitation solution. Sevehalight regimes
and locations in the 4 climatic zones were considién order to
analyse the energy performance of the describexbcas

Thus 20 variants were analysed:

Itclimatic zone: GF+2F, GF+4F, GF+5F, GF+6F, GF+10F

I climatic zone: GF+2F, GF+4F, GF+5F, GF+6F, GF+10F
111" climatic zone: GF+2F, GF+4F, GF+5F, GF+6F, GF+10F
IV climatic zone: GF+2F, GF+4F, GF+5F, GF+6F, GF+10F

First the geometric characteristics of the buildimyelope were
identified, area of the building envelope, areattsf building
components and the heated volume. The second sispthe
calculation of the adjusted thermal resistances d&®’ dach
construction element, of the thermal coupling doit L and

of the global thermal insulation coefficient G. Taenual heat
demand and the annual energy demand for heating wer
calculated in order to obtain the energy clash&ating. gea:
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3.2. Building description

The evaluated building is a block of flats from GNgpoca,
with the height regime of GF+4F. Cluj-Napoca is e tilI"

climatic zone with an exterior temperature QE-1L8°C based
on C107. The interior predominant temperature wasidered
T;=20°C, and for the basement a temperature g6 was
considered.

The height of one level is 2.8 m and the usefuylteis 2.62 m.

Total built area is 279.6 mThe main entrance in the building

is on the North facade. The structure is masontly véinforced

concrete pillars of 25x25 cm. The building envelofe

represented by:

e the area of the vertical envelope is given by 18 panels
at the GF level with a height of 2.69 m, 18 walheks at the
intermediate floors with a height of 2.8 m, and all
panels at the last heated level with a height 822.m. The
total area of the vertical envelope is 997.473 from
which 133.77 rhis the glazed surface and 863.703isrthe
opague one;

« the area of the horizontal envelope is 515.f69iuen by
the floor over the unheated basement of 257.5&md the
terrace floor of 257.58

The interior heated volume of the building envelofe
3558.468 m

The adjusted thermal resistances for the buildingelpe

components are established by calculating the mediu

unidirectional thermal resistance in the curremidfi of the
element which is afterwards adjusted by considerthg

influence of the linear and punctual thermal briige

coefficients, i.ey andy, for each panel.

The exterior wall is represented by ceramic blooks30 cm
having a thermal conductivity 6&=0.207 W/nK. The blocks

are plastered on both surfaces with cement martarthickness

of 1.5 cm on the exterior surface and 1 cm on titerior
surface. The field thermal resistance is R=1.47K/W#. An

example for the calculation of the adjusted thenmasistance of

a wall panel is given below. The linear heat transbefficients
were chosen based on the constructive detailseoivdil panel
(figures 2, 3).

i + hal |:gllal + h.)l |:[)l/bl + Icl [wcl + Idl |:()[Idl +

U' =
R h, O, - 12012
+1, @, +20h 1 +1,, 0
alla W+l @y - 0852 \2N
h, O, - 12012 m? K
2
R':i': 1174ﬂ 8)(
U W
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Figure 2. Current floor of the building
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Figure 3. Wall panel with linear heat transfer ficefnts

The interior partition walls are made with 25 cmrareic
blocks. The terrace roof is an uncirculated surfaaeing an
adjusted thermal resistance R'= 1.97ZKiwW. The floor over

polystyrene for the floor over the unheated bas¢R&r3.97
m>K/W, 20 cm of expanded polystyrene for the terréicer
R’=3.697 nfK/W, glazing surface with a R=0.90%K/W.

« the second variant: 20 cm of expanded polystyremette
exterior walls R'=3.305 AK/W, 10 cm of expanded
polystyrene for the floor over the unheated basémen
R'=6.801 nTK/W, 30 cm of expanded polystyrene for the
terrace floor R'=5.007 AK/W, glazing surface with R=1.102
m*K/W.

4. RESULTS
4.1. Thethermal rehabilitated variants

For the thermal rehabilitated variants only the &ue and the
(heatWere calculated. Thus the following results weseamed:

« the first variant: G value obtained was G=0.415rt{\K).
The value was compared to the standard one GN=0.43
(W/m*K), and resulted that G<GN. ,g=85.159
(kWh/nfyear) which gave a B energy class.

+ the second variant: G value obtained was G=0.3Tn{\%).
The value was compared to the standard one GN=0.43
(W/m*K), and resulted that G<GN. ,g=71.947
(kKWh/nfyear) which gave a B energy class.

the unheated basement has a medium adjusted thermal

resistance R’= 0.396 TH/W.

Exterior glazing is a double glazing unit with eated surface
=0.02 and a wood frame. The building has 3 typelafing
units: 0.60m x0.60m, 1.20m x 1.20m, 1.20m x 1.50rhe
exterior door is a double glazed wood frame. Thisied
thermal resistances for each type of glazing serfaeas
established, e.g. for the 1.20m x 1.20m R’= 0.53%w.

After calculating the adjusted thermal resistanfas each
building envelope component, the results will besarized in
a table based on which the thermal coupling cdefiicL and
afterwards the global thermal insulation coeffiti& will be
calculated. For the real building the G value aoiedi was
G=0.552 (W/niK).

The value was compared to the standard one GN=0.4.

(W/m>K). Because G>GN it resulted that the building must
optimized from the energetic point of view, whicleans that
several thermal rehabilitation solutions can beppsed.

A comparison between the heating index for the tiengs
building, reference building and for the 2 thernraulation
variants is presented in figure 4.

Quear
[kWh/m®-an] -~
250 7
205.007
D class

126.878

150 +~ ’ C class

100 ¥ 71.947

Reference  1st case Thermal 2nd case Thermal
building  Rehabilitation  Rehabili

Real
building

ion

The annual heat demand resulted in a value Q= 37.23
(kWh/nmPyear) which was greater than the standard value QN=
20.625 (kWh/ryear). The Q value was established for a

Figure 4. Heating indexes for the studied cases

standard heating period for Cluj-Napoca of 218 days.

The heating index was established based on theahenergy
demand for heating ng,=205.007 (kWh/rhyear). The real
building is situated in D energy class for heating.

3.3. Thethermal rehabilitation of buildings

For the thermal rehabilitation two variants weregwsed:
the first variant: 10 cm of expanded polystyrene the
exterior walls R'=2.476 AK/W, 5 cm of expanded

4.2. The 20 studied variants

4.2.1. General calculations: The main differences for the
analysed cases are given by the changes of the efigom
characteristics for each type of building: the nemiof the
building levels, the area of the building envelotiee glazing
area, the number of the wall panels, the usefuh arethe
building and the interior heated volume. The or¢ph and
shape of the building remains the same (table$.1, 2
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charactersis GF+2F | GFHF| GRSF
Level number 3 5 6
Building envelope [f] | 1108.67 | 1512.99| 1715.10
Glazing surface  [f | 79.560 132.99 158.40
Useful area [fh | 691.98 | 1158.84| 1392.27
Heated volume  [fh | 2116.02 | 3558.47| 4279.69
Geometric characteristics GF+6H GF+10F
Level number 7 11
Building envelope [ 1917.313 | 2725.953
Glazing surface  [fh 184.680 289.800
Useful area [th 1625.700 | 2559.420
Heated volume [fh | 5000.916 | 7885.812

Table 1. Geometric characteristics of the analysees

HEight Climatic G Qheat.vent.source Q.i Qs
regime zone | Wim’K kKWh/yr kWh/yr | kWh/yr
1t 0.445 59571,98 12.36 1.35
2nd 0.445 47949,15 12.95 1.22
GF+2F -
3" 0.445 80483,95 14.48 1.26
4t 0.443 89586,59 16.08 1.19
1t 0.414 94055,71 20.69 2.25
2nd 0.416 105828,40 21.69 2.03
GF+4F -
3" 0.415 129806,21 24.25 2.11
4t 0.414 139713,72 26.92 1.99
1t 0.407 109675,35 24.86 2.69
2nd 0.408 124768,02 26.06 2.44
GF+5F
3 0.408 147431,23 29.14 2.53
4t 0.407 164815,46 32.35 2.39
1t 0.402 126376,47 29.03 3.13
2nd 0.403 154021,25 30.43 2.83
GF+6F
3 0.403 169818,18 34.02 2.32
4t 0.402 189917,17 37.77 2.767
1t 0.39 213894,60 45.7 4.92
2nd 0.392 242872,00 47.91 4.44
GF+10F
3 0.392 259365,60 53.56 4.61
4t 0.391 290324,30 59.46 4.35

Table 2. Calculation results
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Following the calculation steps presented for thal building Vs gy 93247

the heat demands, the annual energy demands arftedtiag 95 + B cass
index were established (table 3). :
Height * 1 85150

level ! p s 81,727
Cli- GF+2F | GF+4F| GF+5F| GF+6F GF+1gF B class —
matic i B class
zone 80 1

ih 80.14 | 74.29| 72.84| 7181  69.12 251

o 92.44 | 85.57 83.87 82.66 80.01 f

70 * T T T T v
3 110.18| 102.09 100.08 98.66 95.54 P+E P+E P+SE P+E P+10E
Height regime
4t 123.74| 114.85 112.67 111.12 107.14

Figure 7. Building located in thé%limatic zone
Table 3. Annual energy demand for heatigg(kWh/nfyear)

Queas 104.500
[LWh/m?-an]
105
4.2.2. Building height regime influence on the annual i
energy demand: The energy class was established based on tr '* | 23417 S

heating index (figures 5, 6, 7, 8).

95 4

For all the examined cases was observed that tieahheating

B-elass o1-888
B class
88.503
a0 4 E class
index decreases with the increase in the buildiegHt. An _
explanation for the obtained results is due to ithereased 85 4
surface of the vertical envelope (i.e. exteriorlgjatompared to : -
the horizontal one (i.e. terrace roof, floor ovenheated go 4 . . .
P+E P+E P+5E P+E P+I0E
basement). Height regime
[k\x’%ﬁ-m] faaes Figure 8. Building located in thé"¢limatic zone
66 1 0436 4.23. Climatic zone influence on the annual energy
:f Aclass  SRORY - demand (figures 9, 10, 11, 12): The climatic zone of the
0 I e building location influences the energy heat demdne to the
sz 4 Ees s different characteristics such as exterior tempeeat D,
56 4 number of heating days during a yearannual average exterior
54 4 temperaturef., average exterior temperature of the heated days
52 4 and the solar radiation intensity. The values giweriable 4
50 4 were considered in calculations.
48 : : . . .
P+IE PE P+SE P+6E P+0E —
Height regi Climatic 0 N, 20 D
€] regime : a 12 12
zone Location oC K-days days
. - . g s
Figure 5. Building located in thé'tlimatic zone = Constam s 2840 186
Queac 77.716 2nd Oradea 10.2 3150 195
[KWh/m*-an]
8 1 3 Cluj-Napoca| 8.3 3730 218
76 | i
74 | 70.852 h Miercurea-
;f ’ Belass 60046 4 Ciuc 6.5 4250 242
e 1 Aclass = Climatic ) 0 T T,
70 4 A class em e u
0 4 55204 zone Location °C °C °C
;9; Aclass 1~ Constara | 5.053 12 8
64 1 2" Oradea 3.874 -15 7
hos 3 ClujNapoca| 2.981 18 5
s 4 | ' : | e 4m Miercurea- | 2.815 21 5
P+2E P-HE P+3E P+6E P+10E Ciuc
Height regime
. . ) o Table 4. Climatic conditions for the four climatiores
Figure 6. Building located in théZlimatic zone where T, is the temperature of the unheated basement
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[kWh/m’-an] 104508
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100 1 ?? 16
56283
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0
Zona [
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Figure 9. Heating index for the GF+2F building

Whim-an) St
o =
90 1 0832
80 60436 —
70 A class
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Zona I
Climatic zone

Figure 10. Heating index for the GF+4F building

03.434

Whne
(kWhim*an] B class

04

Zona IV
C]J.matc zone

Figure 11. Heating index for the GF+5F building
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100 53 149
%] 69146
80
58982
0 1 Aclazs
ﬂ} 4
50 A
4‘} p
30 -
20 -
10 /
Zona I

[
[KWh/m*-an] 91,888
100 81727 B class
%0
“ §7.932
57.95 A class
70 Aclass
60
50
40
30
20
10
04 : : .
Zona 1 m Zona IV

C limatic zone

Figure 12. Heating index for the GF+6F building

The figures emphasize the importance of the bujldatation

in one of the four climatic zones, on the energfqgrmance of

the building. The climatic conditions given by ttlemperature
difference between interior and exterior, the heptegree days
during a year and the intensity of the solar raoiathas a
significant influence on the energy class of ading (figures

13, 14, 15).

Gaexe 88.503
[KWh/m?*-an] 18609 B class
20 4 B class
20 - 65294
55267
70 4
A class
&0 4
50 1
40 4
30 4
20
10 4
0 4
Zona 1 Zona IV
C].l.matl.czone

Figure 13. Heating index for the GF+10F building

Quear
[KWh/m?-an]
120 4

104 509
Claza B

95.617

100 1

m 1st zone
80 7 2nd zone

m 3rd zone
40 m dth zone

P+E P+HE P+5E P+E P+OE
Height regime

Figure 14. Heating index based on the building fiteig
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Quear
[KWh/m?-year]
120 77

nGF+IF
GF+F
mGF+F
u GE+HF
uGE+I0F

Zona Il
Heightregime

Zona M1 Zona IV

Figure 15. Heating index based on the climatic zone

5. CONCLUSION

The first conclusion of the above study is that #eergy
performance of a building can be optimised by gpprahermal
rehabilitation activity on the existing buildings & can be seen
on the summarised values shown in figure 4.

The second part of the study indicated that theuahanergy

demand and the energy class of the building arectir

influenced by the height regime of the building ahd climatic

zones were the building is placed. For the sameestend

orientation of a building, the energy performanceréases if
the height regime of the building increases. Thaultefor the

building placed in the four climatic zones from Rariea
indicates the difference in the energy behaviouhefbuilding,

the energy consumptions having a tendency of isangaits

consumptions from the first (i.e. th& %o the last climatic zone
(i.e. the &).

The aim of this work is to provide building resdeers and
practitioners with a better understanding of they vematic
zones and various geometric characteristics of imlibg can
influence the energy performance and thus the gndegs of
the building.
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