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ABSTRACT. Sustainable development has taken on a new concept: building maintenance,
materials production, buildings demolition to determine the amount of energy and resourc-
es. This paper presents the process of effective selection of building elements for renovation
which are important for energy effectiveness of buildings. Multi-criteria MOORA and MULTI-
MOORA methods has been adapt for problems solving with interval data. The paper presents
a theoretical model of practice design renovation solutions evaluated. The theoretical model
can also be applied to practical solutions to assess new construction planning stage, and other
life-building processes.
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1. INTRODUCTION

Construction is one of the major industries in
which sustainable development is developing
rapidly (Konstantinou and Knaack, 2011; Bo-
jic et al., 2012). At present time, special at-
tention is allocated to residential and public
buildings renovation processes. According to
EU directives, refurbishment process will ac-
celerate and will continue until 2020, when all
new and reconstructed buildings will be zero
energy consumption. Most dwelling-houses in
Lithuania were built in 1960-1990. Although
heating costs were high, the costs were not
as high as they are presently. Therefore the

energy performance category of the dwelling-
houses built is low. According to the Lithu-
anian regulation Requirement (STR 2.01.09,
2005), the energy performance of a building is
the amount of energy, which is expressed by
a building energy performance class, required
when a building is to be used as a dwelling.
The energy performance class of a building, or
part of a building, is determined according the
value of a qualifying indicator and the require-
ments of the Lithuanian Regulation Require-
ment (STR. 2.01.09, 2005). It should be noted
that during building design, necessary to as-
sess: environmental, architectural, design and
engineering factors, which will impact living
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Figure 1. The model of sustainable buildings
refurbishment

condition in the future (Kalibatas et al., 2012;
Hong et al., 2009).

The main results, expected from public
buildings refurbishment, are (Mickaityte et al.,
2008; Short et al., 2010):

— Energy savings;

— Increase of comfort;

— Healthy working environment

assurance;

— Extension of building life cycle;

— Economized exploitation;

— Environment protection.

After building reconstruction, generated
property value during exploitation time is
increasing, but expenses during exploitation
time are decreasing. Property value decreas-
ing intensity depends on the characteristics of
the materials used in their durability, design,
technical solutions, building maintenance and

—

\

building deterioration |

Value of the building, Lt.

Encreaae,inyalue
_building refurbishment

intensity during operation (Falk et al., 2009).
During reconstruction, worn out structures are
changing to new ones, but over time sets the
limit of the building restoration value is eco-
nomically expedient (see Figure 1) (Venckus et
al., 2012; Zavadskas et al., 2009a).

In some cases, building value after refur-
bishment could be increased, but with time,
after second refurbishment process value will
not reach up the initial value (Figure 2) — it
1s important to mention that building is not
classified as heritage building and is not con-
sidered a building location.

Normally residential and public buildings
envelope lifetime are 50 years, engineering
systems 30 years, for bridges, viaducts du-
rability assessed 80 years. Lifetime is given
according to building intended use and con-
structed material type: residential large- pan-
el building life time is 100 years, residential
monolith building 120 years, brick or mixed
structure building life time is 100 years (STR
1.12.06:2002). Most of the buildings were built
in Lithuania during period of 40 years, some
structures of building are already obsolete,
and therefore it is necessary change to new
once. Currently most buildings in Lithuania
are in period before renovation stage — ¢;.
Where ¢, — is building renovation duration;
t, — building lifetime after renovation. Next
chart lines indicates ¢, building life cycle after
renovation and ¢, replicated building renova-
tion. Therefore, it is very important before the
renovation process, to clarify which structures

t, L t,

Figure 2. Building depreciation timetable
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(alternatives) should be changed and further
to select most suitable insulation layer type
(Golic et al., 2011; Atkinson et al., 2009). The
authors have developed a conceptual model for
sustainable refurbishment of buildings. The
model was created basing on sustainable in
decision-making processes and on the factors
which influence the model’s efficiency.

Multi-criteria decision making methods
help to assess all alternatives at the same
time. Although using multi criteria decision
methods alternatives cannot be determined
precisely, therefore authors have suggested
to express criteria’s in the form of intervals
(Zavadskas et al., 2009b; Chatterjee and
Chakraborty, 2012; Maity et al., 2012). After
expression interval values should be calculated
using Multi-Objective Optimization on the ba-
sis of Ratio Analysis (MOORA) method (Brau-
ers and Zavadskas, 2006). During the inter-
mediate calculation action, value from rational
interval should be selected and recalculated
using MOORA and MULTIMOORA methods
(Brauers and Zavadskas, 2010; Bitarafan et
al., 2012).

2. AMETHOD OF MULTI-
ALTERNATIVE ASSESSMENT USING
MOORA METHOD WITH INTERVAL
DATA

In order to check a larger number of parame-
ters and options, the author of the data defined
intervals. Later, re-applied the algorithmic ac-

tion again and recalculate values but only with
an optimal range of existing values. All calcu-
lations were made using MOORA and MUL-
TIMOORA methods (Brauers and Zavadskas,
2006). In accordance with Chakraborty (2011)
MOORA method (Table 1) is more applicabil-
ity, potentiality and flexibility in comparison
with Analytic Hierarchy Process (AHP) (Saaty,
1990), Technique for Order Preference by Simi-
larity to an ideal solution (TOPSIS) (Hwang
and Yoon, 1981), VIKOR (VlseKriterijumslca
Optimizacija) (Opricovic and Tzeng, 2004),
Preference Ranking Organization METHod
for Enrichment Evaluations (PROMETHEE)
(Brans et al., 1984) and ELimination and
Choice Expressing REality (ELECTRE) (Roy,
1968).

Multi-Objective by Ratio Analysis (MOORA)
was introduced by Brauers and Zavadskas in
2006, later these authors have extended the
method to MULTIMOORA (Brauers and Za-
vadskas, 2010). These methods have been men-
tioned in different type of the world problem
decisions, starting from investment manage-
ment, construction, property management and
etc. (Brauers et al., 2012).

According to Chen (1985), the decision-
making systems, the theory of intervals, in-
terval values can be defined:

1. An integer expresses the exact informa-

tionx =x";

2. Contingent figure — does not signify any

information ¥ — o andx’ — ©;

3. Number in the range[x';x"].

Table 1. Comparative performance of some popular MODM methods (Chakraborty, 2011)

MODM method Computational Simplicity Mathematical  Stability Information
time calculations type
involved

MOORA Very less Very simple Minimum Good Quantitative
AHP Very high Very critical Maximum Poor Mixed
TOPSIS Moderate Moderately critical Moderate Medium Quantitative
VIKOR Less Simple Moderate Medium Quantitative
ELECTRE High Moderately critical Moderate Medium Mixed
PROMETHEE High Moderately critical Moderate Medium Mixed
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An integer +o0
—

values ,. "

X =X
Undefined +00
values of x > o x = o
indicators
Indicator +o0
values in <G
range x' x"

An interval fuzzy number is fully char-
acterized by a pair of real numbers (x1,x2)
Where x1 and x> are the lower and upper
bounds. A fuzzy number A = (x,,x,)is shown
on Figure 3.

®x =[x,x"]=[«x ex|x' <x<x'] 1)

Authors review basic definitions of fuzzy
sets and fuzzy numbers for the purpose of rep-
resenting the proposed algorithm.

® x

xi x5
Figure 3. Membership function of fuzzy number
A =(x',x'y) (Stanujkic et al., 2011)

An interval number is characterized by a
pair of numbers x; andx,. Where lower value
is x; and bigger value is x,. (x}, %, € R;x; < ).
The membership function ®x is thus defined as:

e 1, x e[x;,x,5],
0, otherwise.

Let A and B are two positive fuzzy num-
bers. The main algebraic operations of any two
positive fuzzy numbers can be defined in the
following way (Moore, 1966):

_ Distance between A=(x},xy)and
B =(x,",x;) then, the distance between two
bands and the center will be given by the fol-
lowing formula:

X F Xy X+

d(A,B) = 5

= 5 =) + (o~

2.1. Ratio system with interval data of
the MOORA method

Multiple criteria method connection with in-
terval system helps to approve a large amount
of information (Balezentis and Zeng, 2013;
Stanujkic et al., 2012; Balezentis et al., 2012).
Performance ratings are not known exactly
and we only know their minimum x, and
maximum x; values, which are also the lower
and upper interval boundaries. Interval data
x;; € [x;,%;;] concisely expressed in matrix as:

C, G, C,
[%12,% 5]

(1,51, ]
D= Ay [x91,%1]  [%9,%3,] [%3,,%5,] |-(8)

Ay | [xyg,%0]

A %% ] [XgoXa] o [0 %]

For normalization of the interval is using,
below mention formulas Jahanshahloo et al.
(2006) Internal data normalization by compar-
ing an alternative of an objective to all values
of that objective.

— X

12
X.. = J ;

Y m m
\/Z ()% + Z(x, )2 ©)
j=1 j=1

where: the normalized value in the range of

the xlj minimum and xU maximum range.
— X

m ;

X = J ;

Y m m
JZ%V IC
j=1 j=1

(10)

Addition: A®B=[x,,x,]®[x",x"y] = (&) +x",x, +x5); (2
Subtraction: A-B=[x,,x5]-[x",x"] = (x] -« —&",); 3)
Multiplication: ~ A®B=[x},x,]®[x',x'5] = (' xx',xy xx'n); (4
Division: AlB=[xy,x,]/[x",x" 5] = (xy /&'y, x5 1 'y); (5)

Multiplication by E®A=E®
real number k: h

[x,,%5] = [Rxx;,kxx,] . (6)
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where: X — i=1,n; j=1,m. The normalized
values include in interval [0;1]. The indicators
are aggregated — if the values are maximized,
or reduced — if the values are minimized. If the
method 1s used for significance of indicators,
their use would be carried out after normaliza-
tion parameters.

To calculate the upper limits of the inter-
vals, which represent the overall rating of
benefit criteria S;" are using below mention
formulas:

no__
s = D | e (1)
j=1
" n —
s =) xg|j e Jmax, (12)
j=1

where: S * and SF * are values of lower and
upper limits of intervals.

n ___
s = zx;j jedJmax (13)
j=1
" n ——
s% = inj |j € Jmax , (14)
j=1

where: S ¥ and S " are values of lower and
upper bounds of intervals. In order to specify
accurate alternatives in intermediate interval
calculation, new arithmetic action was adapt-
ed for new purpose. In next step using arith-
metic average result is recalculating of pervi-
ous steps — maximizes and minimizes ranges
of values.

1 , , . .
S(S7.S7) = Gl =57+ (s =571 19)
Sequence principle alternatives are ar-
ranged in descending order corresponding to
receive calculation results. The most effective
option would be the value of the maximum.

2.2. The reference point with interval
data

The fuzzy reference point approach is based
on the fuzzy ratios. Every element of the ratio
matrix is recalculated and final rank is given
according to deviation from the reference point
and Min-Max Metric of Tchebycheff (Karlin
and Studden, 1966, p. 280).

min|maxlr =) a9
where: =1, 2...,n are the objective; j=1, 2,...,m
are the alternatives; r; — the it" co-ordinate of
the maximal objective reference point; each co-
ordinate of the reference point is selected as
the highest corresponding co-ordinate of the
alternative; x;; — the normalized objective i of

alternative j.

2.3. The full multiplicative form with
interval data

|

I | RAW DATA

|

P! v

| I Matrix of responses with inerval data
|

I | v v

I | Full multiplicative Ratio system in

| form with interval data interval data

| |

. ¥

en . .

£ Reference point approach with

| ! interval data

;e ¥

| | MOORA with interval data
|

|

| [ A v

I | MULTIMOORA with interval data

| |

P! Y

| | Ranking optimal interval

— -1

o (7

| | Ranking values from optimal interval
|

|

P! y

| | Matrix of responses |

| [ v v

I | Full multiplicative Ratio system

| | form

2 Y

| < Reference point approach |

- v

Q

;2| MOORA
|

|

o ‘ !

| | MULTIMOORA

| |

P! v

| | Ranking alternatives
|

—_ —

Figure 4. A graphical MULTIMOORA with
interval data block
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Utility of the i-th alterative can be expressed
as dimensionless number:

o "
U - X+ X
J - 2 ’
i=1

where: j = 1,2,...,m; m the number of alterna-
tives; i = 1,2,...,n; n being the number of ob-
jectives; x;;— the lower interval value, x;—is
higher interval value responses of alternative j
to objective i; UJ overall utility of alternative j.

After rational results reception from inter-
val data, values are recalculated again using
MOORA and MULTIMOORA methods.

In the first stage values are selected and
sorted into intervals (see Figure 4). Until it
is unknown the exact range of accessories,
values ranged can be provided in your own.
Using MOORA and MULTIMOORA meth-
od with intervals values are calculated and
ranked optimal interval. In the second stage
values are selected from the optimal interval
and filled in the matrix for further calculation
with MOORA and MULTIMOORA methods.

3. APPLICATION MOORA AND
MULTIMOORA METHODS WITH
INTERVAL DATA TO ASSESSMENT OF
PANEL BUILDING REFURBISHMENT

Panel buildings in Lithuania were built during
last 40 years period. The thermal insulation

Table 2. Raw data

performance, microclimate, relative humidity,
air movement of such building is rather poor
and does not comply with the current Lithu-
anian hygienic requirements (HN 42:2004).
The main important areas are situated along
the wall and slab juncture (Bieksa et al., 2011;
Zavadskas et al., 2008). Authors will consider
a numerical example in order to explain the
panel buildings refurbishment using multi cri-
teria method with intervals. Heating energy
losses and inflows were calculated using equa-
tions from the technical construction regula-
tion (STR 2.05.01:2005). A five storey building
was selected for the analysis. From a ceiling to
a ceiling, the height of a storey is 2.85 m. The
building has 90 windows in total. 45 windows
face north and the remaining 45 — face south.
The building is naturally ventilated. Heating
in the building is supplied through heat net-
works from the central heating boiler- house
of the city.

Table 2 shows building envelope assessment
options. Building walls assessment depends on
the: thermal resistance, structure refurbish-
ment price, energy savings, payback time. Be-
cause of the lack of free space, was selected
wall assessment example. Final building as-
sessment are calculating using all building
structures (roof, windows, doors, cellars, ther-
mal bridges, etc.) and engineering systems
(heating, cooling, ventilation), but using the
same method for final results calculation.

Criteria
Partition Thermal Structure Prices for  After Savings  Losses Payback
name resistance refurbishment the entire refurbishment per year Euros time

price area saved energy per year
consumptions

m2xK)/K euro/m? euro (Wh | m? X year) euro euro years

max min min max max min min
Existing 0,90 0,00 0,00 45,59 0,00 5658,31 0,00
wall value
Al 2,00 80,00 114892,80 25,25 2525,08  3133,23 45,50
A2 3,00 90,00 129254,40 16,81 3571,60 2086,71 36,19
A3 4,00 95,00 136435,20 12,62 4091,63  1566,68 33,34
A4 5,00 100,00 143616,00 10,10 4404,77  1253,54 32,60
A5 6,00 110,00 157977,60 8,43 4612,04  1046,27 34,25
A6 6,50 120,00 172339,20 17,78 4692,71 965,60 36,72
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Table 3. Matrix with interval normalization

Criteria
Partition Thermal Prices for the After refurbishment Savings per  Losses Euros  Payback time
name resistance entire area  saved energy year per year
consumptions
(m2xK)/K euro/m? (Wh | m? X year) euro euro years
®x,; ®xy ®xq ®x, ®x; ®xg
x) X, Xy Xy Xy xy X, Xy x5 Xy Xg Xg
max min max max min min
Al [0,90:2,00]  [0,00; [0,00; 20,35] [0,00; [5658,31; [0,00;45.50]
114892,80] 9525,08] 3133,23]
A2 [2,00;3,00] [114892,80; [20,35; 28,78] [2525,0; [3133,23; [45,50;34,18]
122073,60] 3571,60] 2086,71]
A3 [3,00;4,00] [122073,60;  [28,78; 32,97] [3571,6; [2086,71; [34,18:32,99]
134999,04] 4091,63] 1566,68]
A4 [4,00:5,00] [134999,04;  [32,97; 35,49] [4091,6; [1566,68; [32,99:33,26]
146488,32] 4404,77] 1253,54]
A5 [5,00;6,00] [146488,32; [35,49; 37,16] [4404,7; [1253,54; [33,26:34,88]
160849,92] 4612,04] 1046,27]
A6 [6,00;6,50] [160849,92;  [37,16; 37,81] [4612,0; [1046,27; [34,88:37,34]
175211,52] 4692,71] 965,60]
Table 4. Normalized decision-making matrix
®x; ®x, ®xq
Pessimistic Optimistic Pessimistic Optimistic Pessimistic Optimistic
Al 0,095 0,210 0,000 0,375 0,000 0,289
A2 0,210 0,315 0,375 0,399 0,289 0,408
A3 0,315 0,420 0,399 0,441 0,408 0,468
A4 0,420 0,525 0,441 0,479 0,468 0,503
A5 0,525 0,630 0,479 0,526 0,503 0,527
A6 0,630 0,682 0,526 0,573 0,527 0,536
®x, ®x; ®xg
Xy X X5 x5 Xg Xg
Pessimistic Optimistic Optimistic Pessimistic Optimistic Pessimistic
Al 0,095 0,210 0,000 0,375 0,000 0,289
A2 0,210 0,315 0,375 0,399 0,289 0,408
A3 0,315 0,420 0,399 0,441 0,408 0,468
A4 0,420 0,525 0,441 0,479 0,468 0,503
A5 0,525 0,630 0,479 0,526 0,503 0,527
A6 0,630 0,682 0,526 0,573 0,527 0,536
Table 5. Ranking efficient interval
MOORA method with interval Full multiplicative MULTIMOORA

Partition  Ratio system with Reference point with form with interval

name interval interval

Al 6 6 6 6
A2 2 5 5 5
A3 1 2 4 2
A4 3 1 3 1
A5 4 3 2 3
A6 5 4 1 4
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Table 5. Ranking efficient intervals 3, 4
and 5 show intermediate results of multi cri-
teria calculation with intervals. We are select-
ing interval between values A4 to A3. Interval
upper boundary is A4 = 5.0 and interval lower
boundary is A3 = 4.0. In our case it is enough
to select values in two hundred precision. In
the next step using multi criteria methods
MOORA and MULTIMOORA will be ranked
the most efficient alternative (see Table 6).

According to the calculation results (Tab-
le 7), ranking order of alternatives is as fol-
lows: A4> A5> A3>A2> Al. This means that

Table 6. Selected values from efficient interval

the best alternative in sleeted interval is A4
with thermal resistance value 4.6 (m? x K) / K,
the worst alternative with the result 4.0 (m?2 x
K)/ K.

In such way also were calculated other
building partitions values: roof, windows, cel-
lar, doors as well as in example in this paper
(see Table 8). This way is the best solution to
calculate effective partitions alternatives in
building refurbishment process. Model can
be easily extended to provide usage of the in-
terval data numbers (Rezaeiniya et al., 2012;
Hajiagha et al., 2012).

Partition = Thermal Structure After refurbishment Savings Losses Payback
name resistance refurbishment saved energy per year  Euros per time
price consumptions year
m?2xK)y/K  euro/m? (Wh | m? x year) euro euro year
max max max min min
x Xy xg X, x5 Xg
Al 4,00 134999,04 32,97 4092,00 1566,31 32,991
A2 4,20 137871,36 33,57 4166,47  1491,84 33,091
A3 4,40 140743,68 34,13 4235,97 142233 33,226
A4 4,60 143616,00 34,63 4298,03 1360,28 33,414
A5 4,80 146488,32 35,09 4355,12 1303,19 33,636
Table 7. Ranking the most efficient alternatives
Partition MOORA method Full multiplicative MULTIMOORA
name Ratio system Reference point with interval form with interval
Al 5 5 5 6
A2 2 4 4 5
A3 1 3 3 3
A4 3 1 2 1
Ab 4 2 1 2
Table 8. Most effective building partitions results
Partition Wwalls roof cellar ceilings windows
name (m2xK)/K Verse. (m?xK)/K Verse. m?xK)/K Verse. m?xK)/K Verse.
No No No No
Al 4,00 6 5,00 6 5,00 5 0,59 2
A2 4,20 5 5,20 5 5,20 4 0,59 3
A3 4,40 3 5,40 1 5,40 2 0,50 5
A4 4,60 1 5,60 2 5,60 1 0,50 4
A5 4,80 2 5,80 3 5,80 3 0,50 1
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4. CONCLUSION

With the help of multi-objective decision-
making methods, the investigation aims were
made to create a technique for an effective
selection of insulation and further refurbish-
ment process, for panel building structures, by
applying MOORA and MULTIMOORA meth-
ods with intervals and new algorithmic action.
The experimental data and presented results
in this paper show that the proposed method
can be used to evaluate building refurbish-
ment and to determine does it meet standards.
This study proved that the proposed theoreti-
cal model was effective in real life and could
be successfully applied for a solution of similar
utility problems in construction as well as in
other fields.
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