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Implementation of a simple additive weighting
method to choose a thermal insulation material

for buildings

Using insulation materials is a solution to reduce energy consumption in buildings and structures. Insulation
materials are chosen on the basis of economic and technical criteria, such as the energy-saving effect, construction
conditions, climatic conditions, durability, price, etc. At present, there are many different methods related to multi-
criterial decisio-making; one of them is the Simple Additive Weighting (SAW) method. This paper explains how to
apply SAW to solve sequence problems in choosing an insulation material.
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INTRODUCTION

oday energy efficiency is key to sustainable

I development not only in Vietnam, but also

around the world. lts mission is to combat cli-

mate change in the conditions of depleting global fos-

sil oil resources® 2 3. Using insulation materials to

make buildings and constructions is one of the solu-

tions to reduce energy consumption by air-conditio-

ning and ventilation systems and improve the quality
of life inside buildings [1, 2].

The choice of an insulation material affects
the insulation capacity, the quality and durability of
the structure of exterior building walls. Multi-criterial
decision making (MCDM) deals with decisions in-
volving the choice of the best alternative among
several potential options to select an insulation ma-
terial with account taken of the following factors:
the energy-saving effect, construction conditions,
climatic conditions, the durability and cost of con-
struction.

The authors introduce the Simple Additive Weigh-
ting (SAW) method to make a decision on the insula-
tion material used to repair exterior walls of buildings in
tropical countries (Vietnam, Indonesia, Thailand, My-
anmar, ...). The next section of the paper is arranged
as follows: Part Il, Literature Review surveys research
papers about insulation materials and some popular
multi-criterial decision-making methods; Part Ill,
Methodology, presents the SAW method; Part IV, Nu-
meric Example applies the SAW method to select in-
sulation materials; and Conclusion is the final part.

LITERATURE REVIEW

Insulation materials have been widely used in Eu-
rope and Russia for the purpose of reducing heat loss
and saving energy in buildings. Some basic categories

of insulation include bulk insulation — vermiculite, per-
lite and expanded clay gravel, mineral wool (basalt
fiber or glass wool), eco-wool, insulation, including
foamed polymers (polyfoam, urea formaldehyde foam
insulation, expanded polystyrene, extruded polysty-
rene, and polyurethane foam) [3—6]. The technical
strengths and weaknesses of different types of materi-
als are presented by several authors (K.S. Kravchen-
ko, T.l. llyasov, G.R. Gafurova and A.G. Dalabaeva).
However, in their research works, the method used to
evaluate and select insulation materials, if the selected
alternatives meet the pre-set criteria, such as insula-
tion efficiency, durability, construction conditions, cli-
matic conditions and material prices, is not provided.
In these works, mineral wool, expanded polystyrene
(EPS) and extruded polystyrene (XPS) have the fol-
lowing noticeable advantages: low thermal conducti-
vity, durability, fire resistance, efficiency, environmen-
tal friendliness, and ease of installation.

However, to choose insulation materials with ac-
count taken of constraints such as insulation efficien-
cy, durability, construction conditions, climatic condi-
tions, material price, MCDM is used to choose the best
alternative among several potential options. Currently,
there are many methods to solve this problem, inclu-
ding the method of simple additive weighting (SAW);
the TOPSIS method; electre | and electre Il methods,
etc. [7-13]. The SAW (Simple Additive Weighting)
method is one of the best-known and widely used
methods of multi-criterial decision making.

METHODOLOGY

In general, the process of finding the best ther-
mal insulation material can be divided into the fol-
lowing steps:

* analysis of materials according to the criteria;

» standardization of the criteria;

1 QCVN 09:2017/BXD. Building structures utilized energy efficiency. Hanoi, 2017.
2 Directive 2002/91/EC of the European Parliament and of the Council of 16 December 2002 on the energy performance of buildings. Official

Journal of the European Communities. 2003; 65-70.

3 On Energy Saving and on Increasing Energy Efficiency and on Amendments to Certain Legislative Acts of the Russian Federation :

Federal Law No. 261-FZ of November 23, 2009.
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> * determining the criteria weight; L;=5.
* determining the rating of materials by multiplying the criteria

. Given that:
values by weights.
The applied method for determining the integral dimensionless L;=L; =3, for which i =
index based on the modified SAW method can be divided into
the following stages. L;=L;=>5, for which i#j.

Step 1: selecting initial comparison criteria (it is necessary to
make sure that the criteria are not duplicated).
Step 2: setting functional comparison goals (maximum or mini-

The weight coefficient of each criterion is identified and the re-
sults are controlled using formulas (2)—(4).

mum values).

Step 3: defining the direction of each criterion and translating w :i @)
the criteria not corresponding to the direction of the functional goal ' ZL,-,
(using the reciprocal of the number).

Step 4: determining the value of dimensionless criteria using 3m’ :ZLU, 3)

the following formula:

-G 00 ) 2W =1, (@)

Fi=<n
Zj:1C/f

where P; is the dimensionless value of criterion i of option j;
C; is the value of criterion i of option j; n is the number of options,
j=1,2,...,n.

Step 5: determining the importance of each criterion in
the comparison.

The use of the Warkentin square matrix and the evaluation of u
criteria on a scale, the use of the e; coefficient means the impor- Yi :; Wi )
tance of BK; criterion according to the rules:

* the level is not important when BK; << BK;

where W, is the weight coefficient of criterion i for all criteria;
L;is the level of importance of criterion i of option j; m is the number
of initial criteria for comparison.

Step 6: determining the dimensionless value for each option
using formula (5):

where V;is the dimensionless value of option j; P; is the dimension-
less value of riterion i of option j; W; is the weight coefficient of cri-
L;=1; terion i in all criteria.

Step 7: analyzing and rating the options by the dimensionless

* the level is less important when BK; < BK;
values.

L;=2;

. A NUMERIC EXAMPLE
* the importance levels are equal when BK; = BK;

The economic and technical criteria, presented in Table 1, are
used to calculate and analyze the heat transfer process through
* the level of importance when BK; > BK; the external wall structure into the buildings and to conduct experi-
ments to assess the suitability of three types of materials (extruded
polystyrene, expanded polystyrene and mineral wool) to the climate
* the level is very important when BK; >> BK; conditions in the Hanoi area. The criteria in Table 1 are used as input

L,.j=3;

L,.j=4;

Table 1. Economic and technical criteria

Criterion Units Option number 1 (XPS) Option number 2 (EPS) Option number 3 (Mineral wool)
GCoefficient of thermal conductivity A W/(m-C) 0.029 0.041 0.038
Material layer thickness & m 0.02 0.02 0.025
Material density p kg/mé 33 10 80
Static load P kg/m? 0.66 0.2 2
Material price rub/m? 118 53 156
Durability Years 70 50 40
Fire resistance — Abnormal Abnormal Perfect
Level of compliance with climate conditions — Perfect Normal Abnormal
Thermal insulation efficiency % 59.16 49.10 58.04
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data for evaluating, comparing and selecting insulation materials for
exterior wall structures and constructions in Vietnam* ® [14—16].
Step 1. Choice of comparison criteria
Table 2 presents the analysis and selection of 7 criteria from
the entire set of criteria (Table 1), in which the properties of the cri-
teria are not repeated.
Step 2. Determining the functional targets for comparison
The choice of maximum values is a functional purpose for com-
parison.
Step 3. Determining the direction of each criterion
According to Table 2, it is necessary to translate the criteria

Table 2. Baseline options for comparison

comparison purposes

(1, 2 and 3) that are contrary to the direction of the functional goal,
using the reciprocal of the number. In addition, the value of crite-
ria 6 and 7 are determined using the method of analysis and
the rating scale. The results are shown in Table 3.
Step 4. Determining the value of dimensionless criteria
The value of dimensionless criteria is determined using formu-
la (1), the results are shown in Table 4.
Step 5. Determine the importance of each criterion used for

The level of importance of the criteria is determined by experts.
1. Coefficient of thermal conductivity — very important (A).

Criterion Units Option number 1 (XPS) Option number 2 (EPS) Option number 3 (Mineral wool)
Coefficient of thermal conductivity A W/(m-C) 0.029 0.041 0.038
Static load P kg/m? 0.66 0.2 2
Material price rub/m2 118 53 156
Durability Years 70 50 40
Fire resistance — Abnormal Abnormal Perfect
Level of compliance with climate conditions — Perfect Normal Abnormal
Thermal insulation efficiency % 59.16 49.10 58.04

Table 3. Results following the translation of the criteria that are contrary to the direction of the functional goal

Criterion Units Option number 1 (XPS) Option number 2 (EPS) | Option number 3 (Mineral wool)

Coefficient of thermal conductivity A W/(m-C) 34.483 24.390 26.316

Static load P kg/m? 1.515 5.000 0.500

Material price rub/m? 0.008 0.019 0.006

Durability Years 70 50 40

Fire resistance — 1 1 5

Level of compliance with climate conditions — 5 2 1

Thermal insulation efficiency % 59.161 49.097 58.041

Table 4. The meaning of dimensionless criteria

Criterion Option number 1 (XPS) Option number 2 (EPS) Option number 3 (Mineral wool)

Coefficient of thermal conductivity A 40.478 28.631 30.891
Static load P 21.598 71.274 7.127
Material price 24.985 56.149 18.866
Durability 43.750 31.250 25.000
Fire resistance 14.286 14.286 71.429
Level of compliance with climate conditions 62.500 25.000 12.500
Thermal insulation efficiency 35.575 29.523 34.901

4 TCVN 9258: 2012. Thermal insulation of residential buildings — Standard projects. Hanoi, 2012.

5 TCVN 4605:1988. Heat engineering — Enclosing structures — Standard projects. Hanoi, 1988.
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2. Static load — less important (P).

3. Material price — important (Pri.).

4. Durability — important (Dur.).

5. Fire resistance — very import (Fir.).

6. Level of compliance with climate conditions — very import (Cli.).

7. Thermal insulation efficiency — important (Eff.).

The results of the application of the Warkentin square matrix
used to determine the weight factor of each criterion are shown in
Table 5.

Step 6. Finding the dimensionless value

We determine the dimensionless values for each option using
formula (1)—(5).

Step 7. Evaluation and rating of options

In order to select the best option, it is necessary to start by ideni-
fying the option that has the largest dimensionless value (Table 6).

Option No. 1 (XPS) has the largest dimensionless value of
35.986 and is ranked as the first one;

Option No. 2 (EPS) has a score of 32.943 and is second in
the ranking;

Option No. 3 (Mineral wool) has a score of 31.071 and is ranked
third.

As it can be seen from the ranking, option No. 1 is the best one,
compared to options No. 2 and No. 3.

CONCLUSION

Hence, the use of expanded polystyrene (XPS) in the renova-
tion of the facade of a building in Vietham not only meets the cli-
mate conditions, but also proves the effectiveness of thermal insu-
lation. It also meets the requirements of evaluation of materials in
the integral system of parameters. As the studies have shown, we
can say that expanded polystyrene (XPS) is the most optimal mate-
rial for repairing the facade of a building and a structure in a hot and
highly humid climate, characterized by long rainy seasons and
heavy precipitation.

Table 5. Matrices for determining the weight factor of each criterion

Criterion A P Pri. Dur. Fir. Cli. Eff. Ly w;
A 3 5 4 4 3 3 4 26 0177
P 1 3 2 2 1 1 2 12 0.082
Pri. 2 4 3 3 2 2 3 19 0.129
Dur. 2 4 3 3 2 2 3 19 0.129
Fir. 3 5 4 4 3 3 4 26 0177
Cli. 3 5 4 4 3 3 4 26 0177
Eff. 2 4 3 3 2 2 3 19 0.129
Control results: 3-7* =YL, =147 and XW =1 147 1

Table 6. The results of determining the dimensionless value of the criterion of options

Option number 1 (XPS) Option number 2 (EPS) Option number 3 (Mineral wool)
Criterion w;

Pi1 Pi1’/Vi P1'2 PIZVVI Pi3 PISVVI
A 0.177 40.478 7.159 28.631 5.064 30.891 5.464
P 0.082 21.598 1.763 71.274 5.818 7127 0.582
Pri. 0.129 24.985 3.229 56.149 7.257 18.866 2.438
Dur. 0.129 43.750 5.655 31.250 4.039 25.000 3.231
Fir. 0.177 14.286 2.527 14.286 2.527 71.429 12.634
Cli. 0.177 62.500 11.054 25.000 4.422 12.500 2.211
Eff. 0.129 35.575 4.598 29.523 3.816 34.901 4.511
35.986 32.943 31.07M
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Peanusauusi npocToro agAMTUBHOIO
BEecoBoOro mertopa

Ons Bbi6opa Tennon3onsaunoHHOro
MaTepuana B 34aHUNAX

Mcnonb3oBaHve TEeMNOM3OoNALMOHHBLIX MaTepuasioB SBASETCS pe-
LUeHMEM A1 CHWXKEHUS SHepronoTpebneHns B 3daHusX U Co-
opyXeHusix. [pn Bbl6Ope TEMNOU3ONALMOHHBIX Marepuanos
MCMOMb3YHOTCA SKOHOMMUKO-TEXHUYECKNE KpUTEpUn: SDAEKT JHEP-
rocbepexeHnsi, COCTOSHNE KOHCTPYKLUMM, KIMMaTu4eckue Yycro-
BUSl, AONITOBEYHOCTb, LieHa MaTtepuana v T.4. B HacTosLee Bpems
CYLLECTBYET MHOXECTBO pasfin4HbIX METOAO0B, CBA3AHHbIX C MHO-
rokpuTepuasnibHON NPO6IEMON NMPUHATUSA PELLEHWUIA, OOHUM U3 HUX
SIBNSETCA METOA MPOCTOro apgAuTUBHOrO B3BelumBaHusA (SAW).
B aTon ctatbe 06bSICHAETCA, kak NpUMeHATb SAW ansa peLueHus
npo6nemM nocnefoBaTenbHOCTU MpU BbIGOpe M30NALMOHHOIO Ma-
Tepvana Aons Kaxxaon ansTepHaTyBbl MO BCEM aTtpubyTam.

Knro4deBble cnoBa: MHOrokputepmasbHbivi aHam3, metog SAW,
TENnI0N30MAUYNOHHBIN MaTepuars, MMHepasbHas Bata, meHornoam-
ctupon (EPS), akcTpyanpoBaHHbvi neHononuctmposn (XPS)
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