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INTRODUCTION

Total world energy consumption has been
rising rapidly and future projections indicate
that a 28% increase in energy consumption
is expected between 2015 and 2040'. Build-
ings, as one of the most significant consum-
ers of energy, represent more than one-third
of global energy consumption. Thus, build-
ings have a significant role on global warm-
ing, depletion of resources, and emissions.
The high amount of energy consumption in
buildings, mostly for heating, cooling and
lighting spaces, has brought about the neces-
sity of legislative strategies such as energy
efficiency regulations, energy certification
of buildings, refurbishment of existing build-
ings, etc. (Directive, 2002/91/EU: 1-7; Direc-
tive, 2010/31/EU: 1-23). The publication of
European Directive (2002/91/EC: 1-7) repre-
sented a definitive answer in terms of build-
ing energy certification and reducing energy
consumption in buildings through European
Union countries. Adoption of the Directive
(2010/31/EU: 1-23) (EPBD Recast), while
targeting the increase of energy efficiency in
buildings, has also accompanied new provi-
sions such as cost-optimal balance between
the investments involved and the energy costs
saved throughout the lifecycle of the building.

By the increasing actions on the energy effi-

1 https://www.eia.gov/outlooks/ico/pdf/0484(2017).pdf

ciency of buildings, thermal insulation mate-
rials have become one of the key applications
in promoting the energy efficiency as well
as moisture and sound protection of today’s
structures (Korkmaz and Alacahan, 2014:
1-26). In accordance with the progress in the
thermal insulation material industry and the
material properties, the effect of thermal in-
sulation on building energy performance has
still been investigated in recent researches,
(Aditya et al, 2017: 1352-1365; Tettey et al,
2017: 369-377; Simona et al., 2017: 393-399;
Menyhart and Krarti, 2017: 203-218; Lucchi
et al, 2017: 412-423; Lee et al, 2017: 1081-
1088; Tettey et al, 2014: 1204-1207, Nema-
tchoua et al, 2017: 170-182; Braulio-Gonzola
and Bovea, 2017: 527-545; Altan Dombayc1
et al, 2006: 921-928; Mohsen et al, 2001:
1307-1315). For instance, Aditya et al (2017:
1352-1365) presented a review on the recent
developments of thermal insulation materials
and discussed the potential reductions on en-
ergy consumption and emissions in buildings
through the application of proper insulation
materials. Tettey et al. (2014: 1204-1207) also
highlight that as more stringent energy-effi-
ciency standards are introduced and high per-
formance buildings are built, more attention
must be paid to the choice of building ther-
mal insulation material. Nematchoua et al.
(2017: 170-1827) point out the optimum lev-
els for wall insulation in the studied tropical
climate. Braulio-Gonzola and Bovea (2017:
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527-545) studied the thickness optimization
of envelope insulation materials and found
out that 40% reduction in energy demand can
be achieved by the optimum insulation com-
pared to regulations.

Moreover, high performance buildings with
high thicknesses of insulation material may
lead to higher costs and may have a greater
impact on the environment, when an integrat-
ed optimization approach is not considered.
Yilmaz and Oral (2018: 122-132) studied the
building stock energy retrofit and analysed a
thermal insulation optimization between the
U value of the wall, roof, floor and the en-
ergy savings. The calculated maximum effec-
tive thicknesses for all insulation applications
were then used in the energy retrofit packag-
es. Tubelo et al. (2018: 213-227) conducted a
study to explore the cost-effective envelope
optimization for social housings in accor-
dance with thermal comfort improvement.
They found out a 97% potential increase in
thermal comfort by nearly 50% increase in
cost, where more cost-effective with a sig-
nificant increase of thermal comfort levels
were also possible and were therefore consid-
ered to be a more adequate solution for the
context. Mangan and Oral (2016: 362-376)
evaluated the energy, economic and environ-
mental performances of residential buildings
through improvement measures such as in-
sulation level, glazing, solar control, and so

on. Thus, it is obvious that, determination of
the optimized envelope solution for a high
performance building is a multiple criteria
decision-making problem, since the envelope
parameters have a significant impact on en-
ergy, cost, and environmental performances

of buildings.

Within the building typologies, social hous-
ings come into prominence with the require-
ments of lower investment costs for investors
and lower levels of energy consumption for
users. In addition, a higher level of environ-
mental performance should also be consid-
ered in social housings to be a model for the
public. This study proposes an approach for
decision making on high performance social
housing design. The study is unique by inte-
grating the cost optimality in EPBD Recast
(Directive, 2010/31/EU: 1-23) and the envi-
ronmental criteria in a decision making mod-
el for Turkey. Particularly, housings as condi-
tioned for 24 hours, require a proper level of
thermal insulation. In this study, methodolo-
gy is specified for a multiple criteria decision
making on thermal insulation material selec-
tion and the impact of selection of the thermal
insulation material on the performance of so-
cial housing is investigated.

RESEARCH METHOD

Building design, as a process of decision

making involves multiple decision makers
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such as investors, landlords, designers, ex-
perts, and so on where each decision maker,
from different points of view, targets the
success of the project with different con-
cerns. This paper proposes a multiple crite-
ria decision-making approach for the selec-
tion of thermal insulation material in high
performance social housing design. The
methodology of the proposed approach is
summarized in Figure 1. The main steps of
the methodology are:

e Determination of the archetype for analy-
sis,
e Parameterization of the archetype with

determined independent variables,

e Building performance calculations in
terms of energy, cost and environmental
criteria,

e  Multiple criteria decision-making.

The steps of the methodology are systemati-
cally explained in the following sections from
2.1to02.4.

Building Energy
Calculations

Building Cost
Calculations

Environmental
Criteria Calculations

T

. . Parameterization
Social Housing ———JP»|  with Independent
Archetype Definition Variables

Multiple Criteria
Decision-Making

Insulation material
and thickness
.Window to wall ratio
.Glazing type

e

Figure 1. Flowchart of the Proposed Methodology

Description of the Social Housing Arche-
type

The case study building is an archetype of

social housings which is commonly applied

in Turkey. The archetype is composed of 11
residential floors. Each floor comprises 320
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m? conditioned area (80 m? per apartment floor plan and thermal zoning of the typical
unit and 55 m? unconditioned area). Typical  floor is given in Figure 2.

=

o
L

BEDROOM -]

T
Figure 2. Typical Floor Plan of the Case Study Building (on the left) and the Thermal
Zones of the Typical Floor (on the right)

The archetype was defined with the refer-  erence Building Description document (BEP-
ence values for envelope elements in order to TR, 2008: 1-11). Window and wall properties
represent a base case. Reference values were  of the base case archetype are given in Table
obtained from the National Building Energy 1 and Table 2, respectively.

Performance Calculation Methodology — Ref-
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Table 1. Transparent Component Thermal and Optical Properties

Glazing type U Value (W/m2K)

Exterior Window 2.40 0.70

Solar heat gain coefficient

(0-1)

Visible transmittance
(0-1)
0.80

Table 2. Opaque Component Thermal Properties

. . tivit
Opaque component Material Thickness (m) I(lilclgduc ivity (W/ U Value (W/m2K)
Plaster 0.020 0.970
Insulation 0.060 0.035
Uextwall=0.57
Exterior Wall Aerated brick 0.190 0.500 [22]
Gypsum plaster 0.020 0.970

Determination of the Independent Vari-
ables

In this methodology, criteria for the evalua-
tion of the thermal insulation material selec-
tion are the effect of the thermal insulation
material on the life cycle energy consumption
on life cycle building costs, and on the envi-
ronmental performance.

The parameters of thermal insulation materi-
als and the required considerations are well

explained by Sezer (2016: 88-96) in four
steps such as selection of insulation mate-
rial, determination of insulation thickness,
insulation type, and insulation application.
Commonly applied thermal insulation mate-
rials, such as expanded polystyrene (EPS),
extruded polystyrene (XPS), rockwool (RW),
glasswool (GW), and cellular glass (CG) are
investigated within the decision making ap-
proach. Properties of the investigated thermal
insulation materials are given in Table 3.
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Table 3. Thermal Insulation Material Parameters

Thermal Insulation Thermal Conduc-

Material Name El\zfl;rynK)
Extruded Polystyrene (XPS) 0.032
Expanded Polystyrene (EPS) 0.035
Cellular Glass (CG) 0.035
Glasswool (GW) 0.040
Rockwool (RW) 0.040

In addition to the variety of thermal insula-
tion materials, a variation in other design pa-
rameters may also change the performance
of the thermal insulation material in terms of
energy, cost, and so on. Thus, other envelope
parameters such as the window to wall ratio
and glazing type are considered to be other
independent variables in order to compose a

Density Specific Thickness Alternatives
(kg/m3)) Heat (m)
J/kgK)

0.04, 0.08, 0.12, 0.16,
30 1300 0.20

0.04, 0.08, 0.12, 0.16,
20 1250 0.20

0.04, 0.08, 0.12, 0.16,
90 900 0.20

0.04, 0.08, 0.12, 0.16,
60 1000 0.20

0.04, 0.08, 0.12, 0.16,
120 900 0.20

whole approach for the envelope. Window
glazing types that are investigated and their
properties are given in Table 4. Window to
wall ratios for the envelope are considered to
be 30%, 40% and 50%. Orientation was not
taken into consideration in this study as an
independent variable. The orientation of the
current case is as signified in Figure 2.

Table 4. Window Glazing Thermal and Optical Properties

Solar heat gain coefficient

Visible transmittance

Glazing type U Value (W/m2K) (0-1) (0-1)
Glazing 01* (TS 825,

2008: 30) 2.40 0.70 0.80
Glazing 02 1.60 0.70 0.80
Glazing 03 0.60 0.60 0.70

* Reference Window
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Calculation of the Dependent Variables

Dependent variables of the study are deter-
mined as the energy, cost and environmen-
tal performances varying according to the
independent variables. It was assumed that
these criteria can represent a decision making
group which is composed of architects, me-
chanical engineers, contractors and investors.
On the other hand, other criteria such as fire
safety or structural strength were not consid-
ered in this study in order to limit the decision
making perspective within the EPBD scope.
The criteria that are included in this approach
as dependent variables, and the methodology
to calculate the effect of the material on these
criteria, are explained in detail in the follow-

ing section.

Methodology for Energy Calculations

Effect of the material selection on the ener-
gy performance of the building is calculated
through the life cycle energy consumption
of the case building for a 30 year life span.
Energy consumption is calculated through
the Energy Plus simulation tool, on an hourly
basis, with 6 time steps per hour. Conduction
transfer function algorithm is used for heat
balance calculations, with TARP algorithm
for inside and DOE-2 algorithm for outside
surface convection calculations.

This study evaluates only the temperate dry
climate region of Turkey. Temperate-dry cli-
mate region, which is represented by the cap-
ital city of Ankara was selected for this study.
The temperate-dry climate region studied in
this paper and its related information is given
in Table 5.

Table 5. Temperate-Dry Climate Region
. . . Latitude Longitude Elevation
Climate region  Cit
y g (deg) (deg) (m)
Temperate-dry ~ Ankara 40.12 32.98 949

It is assumed that four people are living in
each apartment unit. Average lighting power
density is fixed to 6 W/m? for each apartment
unit, with an additional 5 W/m? electronic
equipment load. Since the building is a new
construction, infiltration is considered to be
low as 0.2 ach for apartment units and 0.5 for

unconditioned zones such as the apartment
hall.

In this study, it is considered that the case
building is mechanically operated for heat-
ing and cooling through 24 hours. Set-point
temperatures of the building are assumed as
20°C for heating and 26°C for cooling. Heat-
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ing is provided by a central boiler. Cooling is
provided by unit packaged terminal air condi-
tioners, and ventilation is provided naturally,
related with the occupancy schedule.

Methodology for Cost Calculations

Effect of the material selection on the cost
performance of the building is calculated
through the life cycle costs of the case build-
ing for 30 a year life span. Life cycle costs are
calculated by the methodology presented in
(CEN, 2007: 5-15).

T
Co(D) =i+ ) (Cagy X £ )= ) V1)
i=1 j=1

In order to calculate the present value factor
by using Equation (2), the inflation rate (R;
) and the nominal interest rate (R) must be

1-(1+Rg)™
fpv [H] = RR
_ R—R;
RT14R,

In this methodology, only the envelope costs
are considered for investment costs (C;), in
order to make a comparison between the
scenarios due to changes in the independent

(CEN, 2007: 5-15) introduces global cost (C
) as given in Equation (1), as a sum of annual
costs (C,), such as operation, maintenance,
replacement, (with reference to the beginning
year) and investment costs (C;). Moreover,
residual value (Vp_¢(j)) within the calcula-
tion period (T) is subtracted from the sum
of all other costs. The present value factor (
fpv [Il)) is used to transform the sum of first
year to the n™ year annual costs to a current
(today) value.

(1

acquired to compute the real interest rate (Rg
) as expressed by Equation (3) (CEN, 2007).

(2)

3)

variables. Envelope costs are evaluated in
two parts as the wall and the windows. Figure
3 represents the opaque envelope component
costs, in terms of Turkish Lira (TL) per m2,
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with different thermal insulation materials
and thicknesses. Opaque component costs
per m?>were calculated based on the unit costs
including the construction and labour costs.

340
320
300
280
~ 260
240

220 .

200 N SRR

180 e i

Opaque Component Cost
(TL/m2
\

0 - 8

Window costs are calculated as 60 TL/m2,
75 TL/m2, and 125 TL/m2 for windows with
glazing type 01, 02, and 03, respectively.

0 =@ =TFoamGlass

-
o -==:A--+ Rockwool
- P . "‘;
o s L ey v
.__:.-:_m_:..______x X — XPS
R =~ L = —4& -Glasswool
=—EPS
16 20

Thermal Insulation Material Thickness (cm)

Figure 3. Building Opaque Wall Costs with Different Thermal Insulation Materials and
Thicknesses

Methodology for Environmental Perfor-
mance Calculations

The effect of the material selection on the en-
vironmental performance of the building is
calculated through the embodied carbon (kg-
CO%/kg) and embodied energy (MJe/kg) of

the materials.

A literature review and technical data sheets
are used to obtain information on embodied
carbon and embodied energy levels of materi-
als. Table 6 presents the embodied carbon and
embodied energy levels of materials.
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Table 6. Environmental Performance Values of the Thermal Insulation Materials

Thermal Insulation
Material Name

Extruded Polystyrene (XPS)?
Expanded Polystyrene (EPS)?
Cellular Glass (CG)2
Glasswool (GW)2

Rockwool (RW)2

Methodology for Multiple Criteria Decision
Making on Alternatives

Decision making, as a cognitive process of
selecting an option or multiple options among
several alternatives, can be addressed as a
problem-solving method within a situation.
In other words, decision making is described
as the study of identifying and choosing alter-
natives based on the values and preferences
of the decision maker®. Since there may be
several alternative choices to be considered,
decision making focuses on selection of the
one that best fits with the aim, objectives, and
limitations.

Before taking the steps of a decision making
process, it is important to identify the deci-
sion maker(s) and stakeholder(s) in the pro-

2 http://www.jackoninsulation.com/uploads/tx
wwdownloads/XPS Foam Insulation Jakodur
plus_03.pdf

3 http://www.greenspec.co.uk/building-design/embodied-
energy/

4 http://www.virtualsalt.com/crebook5.html

Embodied Carbon Embodied Energy
(kgCO2eq/kg) (MlJ.e/kg)

5.37 70.80

2.55 88.60

0 27.00

1.35 28.00

1.05 16.80

cess, the structure of the problem, variables
and the alternatives, and which model would
best fit to the problem’s situation. In a deci-
sion model where only one optimal solution
is obtained, the result may not be satisfactory
and explanatory from the points of view of
multiple decision makers. It is also discussed
by Wang et al. (2005: 1512-25) that, a mis-
match between a specific optimization model
and design practice may occur in terms of
variables such that the exact thermal resis-
tance value of a window may not exist in the
market or a given time lag of a wall may not
correspond to the solution of the designer.

Multi-criteria decision making (MCDM)
methods deal with the process of making
decisions in the presence of multiple objec-
tives, (Pokehar et.al, 2004: 365-81). Objec-
tives can be qualitative or quantitative, with
the same or different levels of dependency. A
MCDM can be either multi-attribute decision
making (MADM) or multi-objective decision
making (MODM). MADM problems are dis-
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tinguished from MODM problems, which
involve the design of a “best” alternative by
considering the trade-offs within a set of in-
teracting design constraints, (Baker, D., et al.,
2002: 1-40). MADM is based on selecting the
best alternative by ranking a finite number of
alternatives, where MODM is expressed by a
continuous function.

There are numerous MADM methods, rep-
resenting different mathematical approaches.
However, MADM methods have common
characteristics such as there are multiple al-
ternatives with multiple attributes. In addi-
tion, generally all MADM methods require
information regarding the relative importance

1]
Aoy = Maxz_(a,-jw})

In the methodology, all scenarios occurring
by parameterization are calculated in terms of
life cycle cost and primary energy consump-
tion through the 30 years life span. Cost op-
timal point is determined through the EPBD
methodology and the efficient frontier cases
are obtained for each insulation material,
which are the optimal alternatives that dem-
onstrate the highest energy efficiency with
the lowest cost. It is considered that the fron-
tiers are the dominant cases of each insula-
tion material alternative set, thus alternatives

of each criterion. Many of the MADM meth-
ods have a complex mathematical structure
so that there are difficulties in the application
of such methods in the building sector where
the stakeholders are not experts in the field of
decision making. The weighted Sum Method
(WSM) is the selected MCDM method for
this study, due to its simplicity of application.
WSM is a MADM ranking method, where
the best alternative is selected by the sum of
n number of criteria ranking weights within
m alternatives. It can be expressed by the fol-
lowing equation, where @ and W are the ac-
tual value and weight factor of the j* criteria
given for the i" alternative, respectively.

(1)

which are not frontier are eliminated in the
methodology. Moreover, frontier alternatives
beyond the cost optimal point are listed with
high performance building design criteria as:
investment cost, primary energy consump-
tion, and environmental performance values
for the multiple criteria decision making.

Another common characteristic of MADM
methods is that, the attributes may have dif-
ferent units of measurements. In this case, in
order to be compared with each other, all cri-
teria values are normalized with a “min-max
normalization” technique in order to obtain
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comparable data. The equation (2) used for
the min-max normalization is given below.
According to the equation, the difference be-
tween the value (X) and the minimum value
of the data set is divided to the difference be-

¥ x—min(x)

max (x) —min(x)

Further, normalized values of criteria were
summed in order to obtain the total score of
the alternatives. In this step, weighting factors
of each criteria were considered as equal. Fi-

tween the maximum and the minimum value
of the data set and the normal. So that, the
maximum value was normalized to 1, where
the better alternatives have a value between
0 and 1.

)

nally, best alternatives are determined for the
decision maker, in order to develop a building
design with high performance. Steps of the
decision making approach are represented as
a flow chart in Figure 4.
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Listing alternatives with energy and cost results

|

Determination of frontier cases for each material alternative

.

Listing alternatives beyond the cost optimal point

‘

Normalization of energy, cost and environmental impact

performance values of alternatives

‘

Calculation of the sum of normalized performance values
through
Weighted Sum Method (WSM)

v

Determination of the best alternative

Figure 4. Methodology of the Decision Making Process

RESULTS

The analyses were done on a social housing
archetype, considered to be situated in tem-
perate-dry climatic region of Turkey. Five
thermal insulation materials, five thickness
variations, with three glazing types and three
window to wall ratios were analysed result-
ing in a total of 225 scenarios.

Listing the 225 alternatives with energy and
cost results are represented in Figure 5, be-

low. The current requirement level (base case
with reference values), cost optimal level and
the highest energy efficiency levels are also
marked in Figure 5, in order to determine the
key values of the outputs. According to the
results, primary energy consumption varies
between 124.01 kWh/m?.a and 170.62 kWh/
m?.a, where the life cycle cost varies between
588.5 TL/m? and 725.36 TL/m? for a 30 year
life span. The cost optimal case has a 130.89
kWh/m? primary energy consumption and
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588.5 TL/m?.a LCC, where the energy effi-
cient case has a 124.01 kWh/m?.a energy con-
sumption and 625.21 TL/m? LCC. Besides,
the current requirement level has a 167.18
kWh/m?.a energy consumption and 642.68
TL/m? LCC.

Properties of the cost optimal, highest energy

efficient and current requirement levels are
also highlighted in Figure 5. According to
the results, the cost optimal and the highest
energy efficient level have triple glazing with
12cm EPS and 20cm XPS, respectively. The
cost optimal insulation level is determined as
12 c¢m for EPS and 8 c¢cm for XPS, rock wool,
glass wool and foam glass.
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(CR) CURRENT REQUIREMENT LEVEL (4cm EPS + GL01 + 40%WWR)

Figure 5. Primary Energy Consumption and Life Cycle Cost of 225 Alternatives

In the second step, the efficient frontiers of
each insulation material are determined. The
efficient frontiers are computationally deter-
mined within the two data fields (primary

energy consumption and life cycle cost) as
described below:

e the alternatives are sorted by life cycle
cost and ranked by energy consumption.
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e if the ranking of the alternative M is
higher than the previous and highest rank
so far, then it lies on the efficient frontier.

e if the ranking is less, then it does not lie

750
730
710
690 ¢
= '..
Z & 670 .

— e .
PO
cE= 650 x @90

» *.
°E S 630 . B
E = . "
S 610 -
S’ ‘ -----
590 Aeeeig
570
550
110 120 130

on the efficient frontier.

Figure 6 represents the life cycle energy con-
sumption and cost calculation results of 19
efficient frontier cases within the 225 alterna-
tives.

++4++ FoamGlass
Frontier

++Me++ EPS Frontier

seo@ - Glasswool

‘9 Frontier

«+3 -+ Rockwool
Frontier

++IR -+ XPS Frontier

140 150

Primary energy consumption
[kWh//m2.a]

Figure 6. Primary Energy Consumption and Life Cycle Cost of Efficient Frontiers

According to the efficient frontiers, the pri-
mary energy consumption varies between
124.01 kWh/m? and 139.67 kWh/m?. In com-
parison with the current requirement level, all
frontiers occur above the requirement level.
Moreover, the life cycle cost of the frontiers
varies between 695.99 TL/m?and 588.49 TL/
m?. Thus, the alternatives that are selected
through the efficient frontier method repre-
sent a wide range with a high performance

in terms of either energy or cost. In the third
step, frontiers are eliminated according to the
cost optimal threshold level determined in the
first step.

A total of 13 out of 19 frontiers, which are
beyond the threshold (cost optimal point) are
determined and listed in Table 7 below. Ac-
cording to Table 7, the selected frontiers have
an insulation thickness between 12cm and
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20cm with a variation of five insulation ma-
terials. Additionally, the U values of the fron-
tiers vary between 0.15 W/m’K and 0.31 W/
m?K. All cases have W03 window type and
50% window to wall ratio significantly.

In the fourth step, 13 alternatives were listed
with decision making criteria as investment
cost, primary energy consumption and envi-
ronmental performance values. To compare
with each other, all criteria values are normal-
ized by the equation (2). Further, normalized
values of criteria were summed in order to

obtain the total score of the alternatives. In
this step, weighting factors of each criterion
was considered to be equal.

The results of the WSM are given in Figure
7, also showing the distribution of the perfor-
mance criteria values. The total WSM score
varies between 0.904 (best alternative) and
1.574 (worst alternative). It is clear that the
order of the frontiers is significantly changed
by the environmental performance effect. The
frontiers are ordered according to the total
WSM score in Figure 7.

Table 7. Independent Variables of Efficient Frontiers beyond the Cost Optimal Level

Insulation Insulation Ma- Window to
Alternatives Material terial Thickness Window Type Wall Ratio
(cm) (%)
1F* XPS 20 Window type 03 50
2F Foamglass 20 Window type 03 50
3F EPS 20 Window type 03 50
4F XPS 16 Window type 03 50
SF Rockwool 20 Window type 03 50
6F Glasswool 20 Window type 03 50
7F Foamglass 16 Window type 03 50
8F EPS 16 Window type 03 50
9F Rockwool 16 Window type 03 50
10F Glasswool 16 Window type 03 50
11F XPS 12 Window type 03 50
12 F Foamglass 12 Window type 03 50
13 F** Rockwool 12 Window type 03 50

* U Value: 0.15 W/m’K

** U Value: 0.28 W/m’K

157



aization 7,
o

10002

~

Tz s
Ny,
S
&
oo®

L&

Oezip)

OHSAS 18001
N

\ekernatig,

§

()
-
1S0 14001

~—

SN

MTD
www.mtddergisi.com

ULUSLARARASI HAKEMLI TASARIM VE MiMARLIK DERGISi

Ocak / Subat / Mart / Nisan Yil: 2019 Say:: 16 Sonbahar Kis Dénemi
INTERNATIONAL REFEREED JOURNAL OF ARCHITECTURE AND DESIGN
January / February / March / April Year: 2019 Number: 16 Winter Spring Semester

1D:341 K:469
ISSN Print: 2148-4880 Online: 2148-8142

(ISO 18001-OH-0090-13001706 / ISO 14001-EM-0090-13001706 / ISO 9001-QM-0090-13001706 / ISO 10002-CM-0090-13001706)

(Marka Patent No / Trademark)
(2015/04018 — 2015/GE/17595)

Results indicate that, when the environmen-
tal criteria are considered with the proposed
methodology, the highest energy efficient case
(1F: 20cm XPS) moved to 4™ position with its

WSM score. On the other hand, the best alter-
native of the WSM (3F: 20cm EPS) becomes
significant with its low life cycle cost.

1,8
1,6
1,4
1,2

0,8
0,6
0,4
0,2

3F

7

5F

RN

NN

2
Z
%

(O

4F 9F 2F 6F 7F
@ Energy Performance
= Cost Performance

13F

11F

10F 12F

Fl Environmental Impact Performance

Figure 7. WSM Score Distribution According to the Performance Criteria

Within the 13 frontiers, when high energy
performance is targeted, either the cost or the
environmental criteria become significantly
dominant, highlighting that if a high insula-
tion level has a good environmental perfor-
mance then it requires higher costs and if the
cost performance is good then it has a high
environmental impact. This indicates that, the
methodology substantially affects the decision
making by considering multiple criteria.

When the best alternatives of the decision
making are analysed, it is observed that rock
wool and glass wool occur frequently with

mostly 12cm, 16cm and 20cm thicknesses.
Moreover, foam glass insulation, which gen-
erated the highest frontier in the second step,
comes into prominence by its environmental
performance, as seen in Figure 7.

From another point of view, the 8F case (16cm
EPS) is significant with the balance between
the environmental and energy performance
scores. Besides, this case is also significant
with its low LCC (2"1lowest LCC case). Thus,
8F becomes significant by the harmony of
three performance scores, in addition to its
total WSM score. Since the total WSM score
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of the first three alternatives are close to each
other, it can be determined that the 8F has a
higher performance by its sub-scores balance.

In addition, prominent alternatives of the de-
cision making commonly comprise window
type 3, with 50% window to wall ratio, pre-
senting the importance of the window type se-
lection together with the opaque wall design.
When high thickness of thermal insulation is
considered, the cost of opaque walls becomes
significant and should be evaluated with the
whole envelope design.

CONCLUSION

Estimation of building performance might be
essential in building projects where the indi-
cators of building performance are crucial.
Housings, which are buildings such as apart-
ments or units assigned for residence, are one
of the main cases, since the amount of hous-
ing stock within the whole building stock has
a great amount. As analyzed, urbanization and
social housings has an important impact on the
embodiment of ‘housings’.

The requirements of social housings such as
low investment costs for states and low oper-
ating costs for low-income group occupancies
signify the importance of performance estima-
tion for social housings.

The results indicate that proper decision mak-
ing in the selection of thermal insulation mate-

rials for buildings, with different environmen-
tal and economic attributes, ensures higher
performances for buildings. The proposed
approach influences the selection of the best
alternative, which allows the personal prefer-
ences of the decision maker without digress-
ing from the scope of EPBD.

The study was limited with 5 insulation mate-
rials and total 225 scenarios. An extension on
the number of materials, so that the attributes,
will enrich the results of the study.

It is clear that the methodology used in multi-
ple criteria decision making and the weighting
factors of the criteria are quite substantial and
effective on the results of the decision. The
study should be improved by assigning differ-
ent weighting factors to decision making cri-
teria, in order to identify the deviations due to
the different weighting factors. Further studies
can also be conducted with different decision
making methods, and variations of the criteria
and weighting factors can be analysed.
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