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The best choice of energy efficient envelope from variety of available materials is till the
challenge. Therefore, the attempt of thermal performance multi-criteria evaluation of some building
materials of natural origin for energy-efficient envelopesis conducted in present paper. Such types of
walls from natural energy-efficient materials are considered in comparison assessment: hempcrete,
adobe, strawbale panel, earthbag, cordwood, SIP (plywood+ecofiber), hempcretetstraw and energy
efficient block. The influence of thermal inertia time, internal areal heat capacity, as well dimen-
sionlessindex of thermal inertia D, the total thermal resistance of the walls R,,-value, mass of the wall
assembly and its cost have been taken into consideration as important influence factors. The multi-
criteria numerical assessment of envelope’s energy efficiency potential was performed by two popular
methods — Analytic Hierarchy Process (AHP) as the subjective weighting method and Grey Relation
Analysis (GRA) as the objective weighting method. Both of methods allow to arrange the alternatives
and could be applied as decision support tools in decison making (DM) process of choosing the best
alternative in terms of multi-criteria assessment. For more objective analysis, by taking into account
the variety of physical and physical-mechanical parameters of the wall assembly material, the concept
of generalized index of the envelope energy efficiency potential is proposed. Conducted research has
shown that the best envelope typein terms of of generalized index of energy efficiency potential hasthe
hempcrete wall and hemcretetstraw wall, almost three times smaller hasthe wall of the earthbags. The
walls from adobe, cordwood and strawbale panels have practically the equal value of generalized index
of energy efficiency potential. It could be observed that AHP method shown more inhomogeneous
results, than GRA. The possible reason for that is the difference in evaluation attitude in techniques —
AHP is considered as the subjective method with pairwise comparison matrixes, while GRA is
obj ective method of comparison.

Key words: AHP method, energy efficiency potential, envelope structures, GRA method, multi-
criterial assessment, thermal performance

I ntroduction

The global energy saving trend on one hand and the sustainable devel opment concept on the other
increasingly boosted the usage of multi-criteria decision analysis methods (MCDA) in decision-making.
As Wang et a., (2009) stated, “MCDA methods have become increasingly popular ... because of the
multi-dimensionality of the sustainability goal and the complexity of socio-economic and biophysical
systems’. As well in this context the usage of building materid lead to higher comprehensive responsibility
towards further generations. The choice of envelopes construction, elements of ceiling/coating requires
the simultaneous analysis of a number of influencing factors (Stazi, 2017; Blisi, 2001; Wang et a., 2009;
Shimray et al., 2017; Tabunshchikov et al., 2002; Fareniuk, 2009). It should be mentioned that variety of
multi-dimensional criteria to be compared, and what is the “correct” criterion in the decision making
process is still a big issue. The optimal type of envelope's width, type, material for modern building,
which is both energy-effective, low cost and environmentally friendly, is till unsolved problem and the
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challenge (Biks et al., 2019). The same thought has (Stazi, 2017) “...the best solution(s) identification is
still an open issue’. As aresult, there are lot of researches dedicated to the best and appropriate choice of
method(s) to make an adequate assessment of different building constructions in terms of sustainable
development (Hopfe et al., 2013; Shimray et al., 2017; Kheiri, 2018; Wang et al., 2009) and many others.
This paper mainly dealt with the thermophysical parameters of the envelope materials — at steady and
unsteady states: the total value of wall assembly thermal resistance Rg-value (m?K/W), the time of
thermal inertia (hours) by (Korshunov, Zuev, 2011), the internal areal heat capacity (kJ/m?K) by 1SO
13786:2017, the dimensionless thermal inertia indicator D by DBN V. 2.6-31, and some others. The
emphasis in this research is made on comparison of envelope's material, primarily made of organic
materials which are considered as environmentaly friendly. The worldwide trend of multi-criteria
assessment in the research of energy efficiency of envelope constructions on the one hand, and tendency
of eco-materials solutions that meets sustainable devel opment mainstream in dwelling construction on the
other, were the factors, that affected to the writing of present article.

Purpose and tasks of research

To perform a multi-criteria assessment of generalized index of envelope's energy efficiency
potential which will be conducted by two independent methods — the Analytical Hierarchy Process (AHP)
and Taguchi optimization technique, based on the Grey Relational Analysis (GRA).

Materials and resear ch methodology

Analytical hierarchy Process (AHP)

The use of the AHP method for multi-dimensional analysis of the investigated envel opes types could
be significantly helpful in the multi-criteria assessment of an alternative wall type assembly.

The present paper dedicated to the research of the generalized index of the energy efficiency
potentia-the proposed by the authors criterion which in fact is objective function of six influence factors.
Among them are |SO 13786:2017 determined unsteady state thermal performance characteristic — internal
thermal areal heat capacity kJ/m’K, steady state’s characteristics (the time of thermal inertia t, hours, the
dimensionless index of the envelope thermal inertia D, the total thermal resistance of the envelope Ry
value, m*K/W, as well —mass of the wall, kg/m? and costs of the wall materials, €/nm?.

The methodology of creating a hierarchical modd for generalized index of energy efficiency
potentia determining islisted below.

By pairwise comparisons (Saaty, 2009) the advantages of each influence factors have been weighted
on the value of the generalized index of energy efficiency potential.

The AHP method calculation steps of the generalized index are asfollows.

Step 1. Each of the influence factorsis amatrix, which isfilled in the next way (Saaty, 2009):
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where ry, 1y, I's, Iy are the corresponding values of the priorities of the evaluated parameters of the matrix,
which characterize the values of six included parameters (the internal areal heat capacity, the time of
thermal inertia t, indicator of the envelope thermal inertia D, the total thermal resistance of the envelope
Ri-value, mass of the wall and costs of the wall materials).
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By the known line elements of the matrix in Eq. (1), elements of all other lines are calculated. The
arbitrary element a; = r; / r;, with known elements a4 = r/ 1, k, and i =1,...,n. of a certain n-th line, is
calculated asa; = a4 / a4, and j,k=1,...,n.

Step 2. The priority vector of each i-th parameter m as the average geometric value of each line of
matrix elements divided by the sum of all mean geometric values for the estimated parametersis calculated
as below (Saaty, 2009):

r, I r

s/lxixix...xizn’l. 2
Step 3. The priorities vector for the first line of the matrix is obtained by the Eq. (1), taking into

account the mean of geometric elements of each of thelinesis calculated as

Dok, ®
m+m, +...+m,

where Xy, %, ... X, isthe vector of priorities of thefirgt, second, n-th line of the matrix, respectively.

The components of the eigenvector and the vector of priorities for other m, lines are determined
anaogically.

Step 4. As the set of relative weights of the aternative, we use the components of our eigenvector
Amax COrresponding to the maximal characteristic number. Moreover, in order to evaluate the coherence of
the matrix, the condition must be fulfilled. As an indicator of the consistency degree of A matrix’ elements,
the consistency index (Cl) is calculated as (Saaty, 2009):

Cl =(Apm—N)/ n-1, (4

where n isthe rank of the matrix.

Step 5. To evaluate the consistency degree adequacy, the consistency ratio (CR) is used and it is
calculated as

CR=CI / MRClI, (5)

where MRCI — mean random consistency index, is the average value which is randomly calculated for a
large number of pairwise matrices that were generated on afundamenta scale (Saaty, 2009).

The resulting vector of the priorities of a certain matrix of pairwise comparisons is considered as
acceptable, if the CR does not exceed the coherence threshold in the range of 0.10...0.20.

Step 6. The resulting value V of j-th wall’s aternative generalized index in form of normalized
additive composition )Saaty, 2009) is calculated in the following manner:

V=Yaw, ©

where g —i-th criterion priority, i =1,...,nn=6; W — priority vector of alternatives by thei-th criterion.

Grey Relational Analysis (GRA) method

Grey relational method is a branch of grey systems theory developed in 1980 (Lin & Liu, (2004),
October) and has been largely applied to MCDA problems in wide range of facilities (Wang et al., 2008;
Liueta., 2017; Sarpkaya & Sabir, 2016; Daniel at a., 2019). Steps of the calculation are as follows.

Step 1. Set of compared data values to be prepared. Thus x; — analytically calculated value of i-th
parameter for j-thwall aternative, i =1,2,..,n; j=1,2,....m;n=6, j =8.

Step 2. Datato be normalized

Normalization in the theory of grey system projects is called Grey Relational Generating (GRG). The
data normdization is considered to be one of the widely used methods of linear data preprocessing (Wang et
a., 2009; Danid et d., 2019; Sarpkaya & Sabir, 2016). It should be normalized according to the specific
importance (“The Larger — The Better”, “ The Smaller — The Better”) of the obtained series’ criteria

If the maximum x; is sought, normalization should be calculated (Sarpkaya & Sabir, 2016) as

X =t A ™
max x; —minx;
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where minx;,max x; —the minimum and the maximum calculated value of i-th influence parameter for
j-thwall alternative in the series,

If the minimum x; is sought, normalization should be calculated by Eq. (8) as follows (Sarpkaya &
Sabir, 2016)

~ max x; — X;
Xij = e

(8)

max x, —minx; -
Step 3. Calculating of Deviation sequences of normalized by Eq. (7), Eq. (8) data series performed
in manner (Sarpkaya & Sabir, 2016):
ds, = §<ij — max ;(ij . 9
Step 4. Calculating of Grey Relation coefficient (Sarpkaya & Sabir, 2016) asfollowsin Eg. (10)
_ minds; +&-maxds;
ds; +&-maxds;

(10)

ij

where ¢ —isthe distinguishing coefficient 0< £ <1, which isusually 0.5.

Step 5. In order to absence of another output impact on the generalized index’s performance, the
normalized value of Grey Relational Degree is calculated (Sarpkaya & Sabir, 2016) as below:
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e
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(11)

Thermal performance parameter calculation
The concept of thermal inertia (DSTU N B.V. 2.6-190: 2013; Stazi, 2017; Tabunshchikov et al.,
2002; Saulles, 2012) is used as a measure to quantify the heat loss through the building elements.
Thermal inertia value is a measure of envelope’s heat accumulating capability or the time period during
which the temperature stabilization between the external and internal surfaces occurs. As Korshunov &
Zuev (2011) stated, for envelopes, which mainly always are multilayered, “...it is impossible to use the
dependence of the duration of the quasi-stationary heat-process (time of thermal inertia) in the simple
kind for ahomogeneous wall” asfollows:
T, =1 cpdR, (12
where ¢ — specific heat capacity of the wall material, kJ/kg x m; p — the density of the materia of the

layers of the enclosing structures of walls, kg/m? Rzg the thermal resistance of the wall, m?K/W;

o0 — the thickness of the layer of the enclosing structure of the wall, m; A — thermal conductivity of the
envelope material, W/(m-K).

That is a reason, why an analytica dependence for multilayered walls is used for numerical
simulation of the thermal inertiatime of considered envelopes (Korshunov & Zuev, 2011):

t, =1L, (13)
where t, — the thermal inertia time of a homogeneous wall of thickness § with parameters of the first
layer, which is determined by the dependence as below (Korshunov & Zuev, 2011):

T, =c¢,p8% %A, (14)
L, —layering factor of the envelope which is calculated as (Korshunov & Zuev, 2011):

. AS, AS 30, S
L = {35,56,°— 25>+ A PO —+ (L+2—)B3 L+38,., 3, 15
n { tot™'1 1 clpng:CIpl i [ Afl ( 5i )( ;l] )“)]} tot ( )
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where o, — general thickness of multilayered envelope, m; 6, — the thickness of the multilayered envelope's

first layer, m; AS, = Z 0; — the thickness of the multilayered envelope starting from the second layer

j=i+l

i=2,m.
The calculation of the dimensionless index of thermal inertia D was obtained as follows 0)
2.0 =2(SR). (16)
i=1
2n.c,p, . . 5 :
where S = # — the coefficient of heat absorption W/(m“xK), of i-th layer of the envelope,

(Filonenko & Yurin, 2015); T —aperiod of thermal oscillations, sec.
To determine the coefficient of heat absorption, the 24 h diurna period of thermal oscillations has
been considered, i.e. 7' = 24-3600 = 86400 sec.

Numerical analysis

For the numerical simulation and analysis of obtained data were proposed eight types of wall
constructions. There are a hempcrete wall (type “A”), an adobe wall (type “B"), a strawbale pand wall
(type “C"), an earthbag wall (type “D"), a cordwood wall (type “E"), SIP wall (plywood+ecofiber) (type
“F"), combined hempcretet+strawbale wall (type “G”) and energy efficient hempcrete block (Biks, Y. et
al., 2019) wall (type “H"). The width of al the investigated wall types is 500 mm. The cross sectional
schemes of wall types presented as shown below in Fig. 1, 2.

Fig. 1. Cross sectional scheme of considered wall types (1 —internal lime-sand
plaster; 2 — hemcrete; 3 —external lime-sand plaster, 4 —adobe; 5 — strawbale panel:
6 — earthbag; 7 — chopped straw as insulator; 8 — cordwood;

9 —lime-sand plaster; 10 — ecofiber; 11 —lime-sand plaster; 12 — plywood)
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The costs of materials for proposed wall assemblies was taken from Ukrainian maketplaces' sites
with up-to dated averaged prices. The thermophysical and physical characteristics of wall’s materials
were taken (see Table 1) from referenced literature (Stazi, 2017; Blasi, 2001; Filonenko& Y urin, 2015;

DSTU B.V. 2.6-189: 2013; DSTU-N B.V. 2.6-190: 2013; DBN V. 2.6-31: 2006—2016).

Table 1
Thethermophysical, physical and economic char acteristics of the envelope' s material
- The thermal o "
Building material ca-rpr;iif/eg,fi]?(zﬁ) conductivity Ai, De;;zf b ;hni;ﬁr;ggfg;3
W/(mK)
Hemcprete 1700 0.065 350 75.36
Strawbale panel 1675 0.07 80 75.96
Adobe 880 0.4 1400 18.84
Cordwood* 2146.67 0.5 866.67 75.36
Earthbag 837 1.05 1800 18.09
Plywood 2400 0.18 600 325,55
Ecofiber 1880 0.06 55 45.22
Chopped Straw 1675 0.06 60 9.04

Lime-sand plaster 840 0.81 1600 36.17

* For the calculation purpose the exchange rate of National Bank of Ukraine 1€=33.1744 UAH were assumed.

The analytical computation of internal area heat capacity W/(m?K) performed by a free tool for the
calculation of the therma mass of building components of HTflux. Other parameters were found
according to the abovementioned formulae. The total thermal resistance of the envelope Rq.value, m*K/W
were calcul ated assuming the values of internal R, =8.7 mPK/W aswell asexterna R, =23.0 m*K/W hest
transfer resistance, according to Annex B of DSTU B.V. 2.6-189: 2013. The analytical values of all six
significant influence factors of eight wall assemblies have been found and were grouped in Table 2.

Table 2
The calculated features of compared wall assemblies
Total time The Tt-rk:grtr?]l:l Theinterna
of the indicator - ared heat Cost of
resistance of . Mass of
envelope of the capacity of thewall
the the wall -
thermal envelope the > | materials,
R envelope m, kg/m >
inertia T, thermal Recvalue envelope, €/m
H : ot™ Y 2
hours inertia, D m2K/W kJ(mK)
Wall type “A” (Hempcrete) 58.39 12.16 7.14 3757 300.00 3359
Wall type“B" (Adobe) 18.77 7.08 1.28 62.76 720.00 11.10
Wall type “C” (Strawbale panel) 13.38 5.82 6.00 57.02 192.00 33.83
Wall type“D” (Earthbag) 10.84 5.18 0.66 68.53 880.00 10.80
Wall type “E” (Cordwood)* 35.01 7.14 4.09 64.20 272.00 24.29
Wall type"F (SIP panel 12,52 5.84 7.34 49.88 13110 | 27.53
Plywood-+ecofiber)
Wall type“G" (Hempcretet+straw) 47.64 10.31 6.61 4559 248.00 34.43
Wall type “H” (Energy efficient block) 21.17 7.51 6.39 46.45 194.00 34.55

* All calculations for thiswall design are made by taking the following assumptions into account:

1. Theratio of the volumes of clay Vy and wood Vg Of the outer and inner layer is 1/3 to 2/3.

2. Wood chocks are from pine (the fibers parallel to the heat flow), clay — sand mortar.

3. Specific heat capacity ¢; of the mixed layer construction is found as (Cueed X Vaood™ Cat X Ve ) (Moot Var)-

4. Other parameters as well as the density and the average thermal conductivity are found by the same dependencies.

Graphical comparison of obtained in Table 2 values for different envelope types are presented in
Fig. 2—7.
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Fig. 2. Total time of the envelope thermal inertia z, hours
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Fig. 3. Index of thermal inertia of walls, D

From the anaysis of Fig. 2 and Fig. 3 it could be seen that the dimensionless index of thermal
inertia D has a good correlation with the datain Fig. 3. From the one hand, for further researchesit could
be more useful to express one value, for example time of thermal inertia through other, dimensionless
one. From the other hand authors acknowledge and agree with same though of Wang et d., (2009) that
MCDA methods with use of dependent parameters distorts the objectivity of the overal assessment of
generalized index of envelope' s energy efficiency potential.

Fig. 4. Thetotal thermal resistance of thewalls R -value, mPK/W
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Analysis of chart bar graph in the Fig. 4 shown that such walls astype “D” and type “B” could’t be
applicate for new construction because of their low, unacceptable in terms of Ry-value as it should be
(Rymin=3.3 m?-K/W for the First temperature zone, according to Table 3 of DBN V. 2.6-31: 2016). Other
wall types are applicable in terms of thermal resistance value. Here (Fig. 4) the correlation between
thermal inertia time (Fig. 2) and index (Fig. 3) aren’'t obvious, that could be explained by difference in
thermophysical materia’s characteristics of particular wall assembly.

0 10 20 30 40 50 60 70 80

Fig. 5. Theinternal areal heat capacity of the envelope, kJ/m?K, according to IS0 13786:2017

According to (Brief Guide for the calculation of the thermal mass of building components) “The
value of the internal heat-capacity describes the ability of a building component to buffer heat during a
diurnal cycle. The value specifies the amount of heat that can be buffered by one square-meter during one
day on atemperature swing of 1 degree...”. Aswedll, it is highly desirable to maximize the value of the
internal heat capacity, to avoid overheating risks in summer, and/or to reduce related cooling costs. From
this point, according to presented values on Fig. 5 the best wall assembly type is earthbag (type’D") that
correlated to its minimum R-value of all proposed wall assemblies from Fig. 4. Such phenomenon could
be explained by thermophysical characteristics — its high heat capacity mainly determined by its bulk-
density and conductivity, that directly affects the Ry-val ue.

The challenge is to choose such wall assembly that will be as much highly thermal resistant as well
has the biggest areal heat capacity simultaneoudly.

0 200 400 600 800 1000

Fig. 6. The mass of the wall assembly, kg/m?

As it could be considered, the bigger wall assembly mass, obviously, requires more expenses on
foundation arrangement. Thus from this point of view the “D” type wall with 880 kg/m? is the most
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expensive, opposite to it there is wall assembly of “F’ type with the minimum mass of the wall — 131
kg/m® only (see Fig. 6). But in real building practice the correlation between wall mass and fundament
cost could be not so one sized and directly proportional as it being considered in first approximation
attitude of the article.

0 5 10 15 20 25 30 35 40

Fig. 7. The Cost of the wall materials, €/

In order to Kulichenko, (2013) the economic criteria is usualy the main factor in house material
decision making. So, the cheapest / most affordable for construction are wall types “B” and “D” (see
Fig. 7). But, by taking into account other parameters, particularly thermophysical aspects of the different
assemblies that are calculated in this paper, the optimal and appropriate choice is possible only through
processing the MCDA procedure.

To conduct the numerical research and anaysis the dimensionless generalized index was proposed
by the authors which alows multi-dimensional value's estimating of various nature characteristics. In
present case of study there are thermophysical, economical and physical ones. Thus a three-level hierar-
chical model, according to AHP (Saaty, 2009) was built to determine the dimensionless generalized index
of envelope' s energy efficiency potential (Fig. 8).

Fig. 8. Hierarchical model of the generalized index of envelope' s energy efficiency potential
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According to the abovementioned step by step calculation of AHP multi-criteria assessment's
methodology the numbers in Level | rectangles of the hierarchical model are the obtained by Eq. (1)—(6)
values of the dternative wall’s assembly in terms of proposed criteria (Level 11). As well the numbers in
Level 1l rectangles of the hierarchical model are the values of the criteria weight calculated by Eq. (1)—(6)
respectively. The filling and finding of al components of the matrix — its eigen vector An., the pairwise
comparisons, consistency index Cl, as well as consistency ratio CR in example of “Criteria” matrix (Level
I1) of the hierarchical model (see Fig. 9) aregivenin Table 4.

Table 4
The pairwise comparison matrix for “Criteria” (Level 11 of Fig. 1)

Tota The -[Egrtrr?lﬁl The
time of indicator . internal .

the of the resistance areal heat Mass Cost of the o Normalized

Criteria envelope | envelope Oiie capacity of the Wa!l Crlt_enon V"’TI ue_of

thermal thermal envelope of the wall m, materias, weight Criterion
inertia | inertia, R envelope kg/m? e/ weight
7, hours D value, kJ/(mZK)’

' m2K /W

Tota time of the
envelope thermal 1 1 4 1 3 1/2 1.348 0.182
inertia t, hours

The indicator of the
envelope thermal 1 1 4 1 3 1/2 1.348 0.182

inertia, D
Thetotal thermal
resistance of the

1/4 1/4 1 1/3 1/2 17 0.338 0.046
envelope Ry -value,
m?K /W
Theinterna areal heat
capacity of the 1 1 3 1 2 1/3 1.122 0.151
envelope, kJ(m?K)
Mass olzélhrf];"’ al m, 13 13 2 12 1 15 0530 0.071
Cost of the wall
materials, €/m? 2 2 7 3 5 1 2.737 0.369
The eigenvector A= 6.039 Consistency index C1=0.196 Consistency ratio CR=0.158

In this matrix (Table 4), in each cell, the expert assessments of the benefits of the influence factors
has been arranged by the widely popular 9-point Saaty scale (Saaty, 2009). In addition, the filling of the
matrix (Table 4) is carried out according to the rule: the number of more than one is put in a cell if the
evaluated criterion on the left has an advantage over the criterion above it on the desired parameter.
Numbers less than one are placed in the corresponding cells if the evaluated parameter on the left has a
lower advantage over the estimated criterion over the parameter above it. To determine the generalized
index of wall assembly’s energy efficiency potential (level 111, Fig. 9) for particular wall aternative, the
resulted value of each local vector of the normalized criterion weight (the last column in Table 4) of each
of the influencing factors (level 11, Fig. 9) is multiplied by the global vector of alternatives weight and
after thisdl the valuesis summed. Resulted vaues in presented as numbers at Leve | rectanglesin Fig. 9. All
the weights of the criteriaweights for the rest of matrices and factors of influence have been found on the
same manner. For better visualization of results that have been calculated by Eq. (1)—(6), the chart bar
graph is proposed on Fig. 9.

The energy efficiency analysis of wall assemblies performed by AHP reveals, that the best solution
is“G” type wall assembly (hempcretet+straw) with V = 0.188, and the nearest value hasthe “A” type wall
from hempcrete with V = 0.182. The worst solution is “D” type wall from earthbag with value V=0.064,
that isamost three times |ess than the best variant “A”.

To provide an additional comparison of the evaluated by AHP values of generalized index of
energy efficient potentid, the GRA method was applied as described in Eq. (7)—(11) and presented below. In
Table 5 are shown normalized by Eq. (7), (8) values of investigated features of wall assemblies
(Table 2).
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Fig. 9. The generalized index of envel ope’ s energy efficiency potential performed by AHP

Tableb
The normalized features of compared wall assemblies
Total time The .
of the indicator of Theiotal Theintemal Cost of
envelope the . thermal areal heat Mass of the wall
Wwall type thermal envelone resistance of the | capacity of the the wall materials
inertia t therm; envelope R- envelape, m, kg/m* €/n? ,
3 2, 2,
hours inertia, D value, m°K/W kJ(mK)
Wall type “A” (Hempcrete) 1.000 1.000 0.970 0.000 0.774 0.040
Wall type “B” (Adobe) 0.167 0.272 0.093 0.814 0.214 0.987
wall typepacn d()s”a‘"’ bale 0.053 0.091 0.798 0.628 0.919 0.030
Wall type ‘D’ (Earthbag) 0.000 0.000 0.000 1.000 0.000 1.000
Wall type “E” (Cordwood) 0.508 0.281 0513 0.860 0.812 0.432
WaF','l ;3\:5’50 diegiig‘;‘”d 0.035 0.094 1.000 0.398 1.000 0.295
(H\fe\rf'p'ctrgg St‘faN) 0.774 0.736 0.890 0.259 0.844 0.005
Wa”eftf)i/([:)ieen:_'bl (()'CEE)H ay 0.217 0.334 0.857 0.287 0.916 0.000

In Table 6 deviation sequences according to Eq. (9) of abovementioned data (Table 5) are shown.

Table 6
The deviation sequences of compared wall assemblies
Total time The .
of the indicator of The tota The internal Cost of
thermal areal heat Mass of
envelope the . ) thewall
Wall type resistance of the | capacity of the thewall .
thermal envelope 5 materials,
inertia t thermal envelope R envelgpe, m, kg/m €/m?
' e value, m?K/W kJ(mPK)
hours inertia, D
Wall type“A” (Hempcrete) 0.000 0.000 0.030 1.000 0.226 0.960
Wall type“B” (Adobe) 0.833 0.728 0.907 0.186 0.786 0.013
wall typepai d()s"a"’ba]e 0.947 0.909 0.202 0.372 0.081 0.970
Wall type “D” (Earthbag) 1.000 1.000 1.000 0.000 1.000 0.000
Wall type“E” (Cordwood) 0.492 0.719 0.487 0.140 0.188 0.568
Wall type "F" (SIP panel 0.965 0.906 0.000 0.602 0.000 0.705
Plywood+ecofiber)
wall type“G”
(Hemporetersiraw) 0.226 0.264 0.110 0.741 0.156 0.995
Wall type*H" (Energy 0.783 0.666 0.143 0.713 0.084 1.000
efficient block)
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Table 7 shows the GRA coefficients and grades according to Eg. (10), (11).

Table 7
The GRA coefficients and nor malized grades of wall assemblies
Total The Thetotal .
time of indicator thermal The internal Normalized
. ared heat Mass Cost of
the of the resistance . Grey values of
capacity of of the the wall .
Wwall type envelope | envelope of the . relation Grey
the wal m, | materials, .
thermal thermal envelope 2 2 Grade relation
- N envelope, kg/m €/m
inertia inertia, Rigi-value, KI(m2K), Grade
7, hours D m?K/W
Wwall type A 1.000 1.000 0.943 0.333 0689 | 0343 | 0718 0.155
(Hempcrete)
Wwall type*B 0375 | 0.407 0.355 0.729 0389 | 0975 | 0538 0.116
(Adobe)
Wall type"C 0346 | 0.355 0.713 0.574 0860 | 0340 | 0531 0.114
(Strawbale panel)
Wwall type“D 0333 | 0333 0.333 1.000 0333 | 1.000 | 0556 0.120
(Earthbag)
Wall type"E 0504 | 0410 0.507 0.782 0727 | 0468 | 0566 0.122
(Cordwood)
wal type " F (SIP
panel 0341 | 0.356 1.000 0.454 1000 | 0415 | 0594 0.128
Plywood+ecofiber)
Wall type”G 0689 | 0654 0.820 0.403 0762 | 0334 | 0610 0.131
(Hempcrete+straw)
Wwall type “H”
(Energy efficient 0390 | 0429 0.778 0.412 0856 | 0333 | 0533 0.115
block)

Comparison of obtained values of generalized index of walls energy efficient potential conducted
by two MCDA techniques are shown in Fig. 10.

Fig. 10. Generalized index of envelope' s energy efficiency potential
which is calculated by AHP and GRA techniques
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From the Fig. 10 it could be concluded that AHP method shown more inhomogeneous results, than
GRA. The possible reason for that is the difference in evaluation attitude in techniques — AHP is
considered as the subjective method, while GRA is objective method of comparison.

Discussion of theresults of the study

Analysis of results (Fig. 10) reveals that only the “E” wall type (cordwood) has the minimal value
divergence. The larger difference in assessment approximately twice as much, are observed in the “D”
wall type (earthbag). The probable reason for such difference in values could be explained by the biased
subjective evaluation that took place in pairwise comparison matrixes. The values obtained for “H”, “C”
“F" wall type has dight differences between results according to proposed techniques. From the other
hand in both multi-criteria comparison techniques the first two types of wall assemblies are the “A” and
“G" alternatives. Without detracting from the above it should be mentioned that the more MCDA
methods will be involved into comparative research, the more objective will be the evaluation
performance.

Although the presented results for this particular analysis cannot be applied to every choice case,
and assessment of the generalized index of energy efficiency potential should be verified and improved in
some aspects, for example in the supplement, further development and “correct” detecting of the
significant evaluation criteria (climate factor, the lifetime of the wall construction / whole building
without overhaul, etc.), it is believed that if this procedure is applied correctly and in combination with
other MCDA techniques, such as the combination weighting method, this multi-criteria model approach
can become a powerful tool to help the decision making person to make an optimal selection in particular
application.

Conclusions

1. The application of MCDA methods is widely popular in modern researches which deal with
uncertain datain field of energy efficiency assessment.

2. AHP method of assessment of the generalized index of envelope's energy efficiency potentia
shown more inhomogeneous results, than GRA. The possible reason for that could be the difference in
evaluation attitude in specific techniques — in AHP method it could be the biased subjective evaluation
which took place in pairwise comparison matrixes.

3. According to results analysis, both of the multi-criteria comparison techniques shown the best
two types of wall aternatives —the hempcrete and hempcrete+straw.

4. The worst wall assembly is still uncertain, because of significant differences in compared
values.
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BiHHUTIbKUIT HAIIIOHAEHUH TEXHIYHUHA YHIBEPCHTET,

! kadenpa GymiBHUIITBA, MiCHKOTO TOCIIOAPCTBA Ta APXITEKTYPH,
21<a¢)ez[pa €KOHOMIKH MiJIPHUEMCTBA Ta BUPOOHUYIOTO MEHEIKMEHTY

BUKOPUCTAHHS METOY AHAJII3Y IEPAPXIH (AHP)
TA CIPOI'O PEJISIHIMHOI'O AHAJII3Y(GRA) /151 OLIIHKU EHEPTOE®EKTUBHOCTI
OI'OPOJIXKYBAJIBHUX KOHCTPYKIIIHI 3 IPUPOTHUX MATEPIAJIIB

© bikc 10. C., Pamywmnsax I'. C., Pamywnsax O. I'., Panonos I1. C., 2020

Haiixpamuii BuOip eHeproeeKTUBHUX OTrOPOKYBAIBHUX KOHCTPYKIIN 3 PI3HOMAHITHUX JOCTYITHHX
MaTepialliB 3aJMIIaeThCs mpodiemMoro. ToMy B I1iif po0OoTi mpoBeneHa crpoba GaraToKpuTepiaabHOI OIIHKU
TEIUIOTEXHIYHUX XaPAKTEPUCTUK ACSKNX OyIiBENLHUX MaTepialiB IPHUPOAHOTO TOXOPKEHHS ISl €HEepro-
e(EeKTUBHHUX OTOPOKYBAJIHLHUX KOHCTPYKLiH. HacTynHi THIM CTiH 3 IPUPOJHNX €HEProeEeKTUBHUX MaTe-
piayiB pO3MJIAHYTO B MOPIBHSUIBHIA OLIHIN: apOomiT, caMmaH, MaHelb i3 COJOM SHMX OJOKiB, 3eMJIEOHT,
yypkoOeroH, CIII manens 3 ekoBaroro, apboitiT+conoma Ta eHeproeeKTuBHUN Ternoo1ok. [IpoananizoBano
BIUIMB Yacy TEIUIOBOI iHEPIii T, TETIOEMHOCTI BHYTPIIIHBOI TUTOMTI, TOKa3HUKA TerIoBoi inepmii D, 3arams-
HO{ BEIMYMHHU TEPMIYHOTO OTMOPY Ry, BAPTOCTI MaTepialiB CTiH Ta {XHIO Bary. bararokpurepialbHy 4nceNb-
Hy OIIIHKY HOTCHIIady €HeproeeKTUBHOCTI OTOpPOJUKYBAIBHOI KOHCTPYKIii NMPOBOAMIN IABOMA MOMYJIIp-
HHUMHU METOJaMH — METOJIOM aHaui3y iepapxiit (MAI) sik cy0’' eKTHBHUM METOJOM Ta METOIOM CipOro pesi-
mittnoro anamizy (CPA) sk 00’ exTuBHUM MeTogoM. OOMIBA METOIM JO3BOJISIOTH YIOPSIKYBAaTH AJbTep-
HATHBH Ta MOXYTh OYTH 3aCTOCOBAaHI SIK IHCTPYMEHTH MIATPUMKH NPUHHSATTSA pilIeHb y MpPOIeci NPUITHATTS
pitreHs y BUOOpi HalKpamioi albTepHATUBU 3 TOYKH 30py OaraTokputepiaidbHOI oliHKH. [IpoBeseHi 3a qBoMa
HE3aJIe)KHUMHU METOJIMKAaMH JIOCHIKCHHS MOKa3aH, 0 HAHKPaIXM THIIOM OTOpPOJKYBabHOI KOHCTPYKIIiT
3 TOYKH 30py 3alpOIIOHOBAaHMX KPUTEPIiB, € CTiHA 3 apOoNiTy a TaKoX 3 apOOJITy+COJIOMH, Mai)Ke BTpHUUi
MCHIINH NOTEHIiall Ma€ CTiHa i3 3emsieOuty. CTiHN 3 4ypKkoOETOHY, eHeproe()eKTUBHOTO TEIIO0I0KY Ta CO-
JIOM' STHUX TIaHeJIeH, 110 OLiHeHi 3a JBOMa METOANKAMH MalOTh MPAKTUYHO OJJHAKOBHH y3arajJbHEHHH iHIEKC
nmoTeHIiany eHeproedexktuBHoOCTi. s 6inbIn 06’ €KTHBHOTO aHaii3y, Oepydd 1O yBarm pi3HOMaHITHICTh
¢bi3nuHEX Ta (Pi3UKO-MEXaHIYHUX MapaMeTpiB Marepialy OropoKyBaJIbHUX KOHCTPYKIIN CTiH, 3alpONOHO-
BaHO y3araJlbHEHHUH 1HJICKC MOTEHIaly eHeproedeKTHBHOCTI OTOPOKYBAIBHIX KOHCTpYyKLii. OIiHKa y3a-
TaJIbHEHOTO 1HIEKCY TMOTEeHIIaTy eHeproeeKTUBHOCTI po3paxoBaHa 3a ABOMAa METOAMKAMH IOKa3aia, 1o 3a
MAI noka3HUKH MaroTh O1JIIIT HEOHOPIAHI 3HAUEHHS BEJIMUMH, 1110 MOXe OYyTH MOsSICHEHO CY0’ EKTUBHICTIO B
OIIHIII P TPOBEJICHHI MPOIETyPH TAPHUX MOPIBHIHD aJTbTCPHATHE.

Kurouosi ciioBa: MAI, norenuiaj eHeproegeKTUBHOCTI, OTOPO:KYBaJIbHI KOHCTPYKUii, MeTO] ¢
y3arajabHeHuii iHaexc norenmiany, CPA, 6aratokpurepiajbHa OLiHKa, TeIIOTeXHiYHI XapakTepuc-
THKH.



