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abstract. the aim of our study is to present the decision model for selection of optimal combinations of modernization 
measures. the presented algorithm of decision synthesis method comprises method for integrated significance determi-
nation of efficiency indicators and multiple criteria decision methods. the paper also presents the case study illustrating 
the application of proposed model. as the alternative modernization measures can generate many alternative combina-
tions the decision tree model was proposed as an efficient tool facilitating the analysis of big data and included in algo-
rithm. three multiple criteria decision support methods based on quantitative measurements included in algorithm used 
to increase the reliability of the decision. the proposed algorithm is very suitable for evaluation of modernization deci-
sions of the building and enables decision-maker to select the best performing alternative in terms of energy consump-
tion, cost of instalment and other relevant criteria.
Keywords: modernization, passive building constructions, decision synthesis method, SyMAD-3, TOPSIS, SAW,  
COPRAS.

corresponding author: tatjana vilutiene
E-mail: tatjana.vilutiene@vgtu.lt

124 Copyright © 2016 Vilnius Gediminas Technical University (VGTU) Press
www.tandfonline.com/tcem

Introduction 

the recast of Directive 2010/31/Eu on the Energy Per-
formance of Buildings (EPBD 2010) introduces a Euro-
pean-wide definition of “nearly zero energy buildings” 
and indicates that the new buildings will have to be near-
ly zero energy buildings by 31st December 2020 with 
public buildings having to fulfil this standard two years 
earlier. nearly zero energy buildings are now defined in 
the ePBD as constructions that have “a very high energy 
performance”. Directive encourages architects and plan-
ners to consider properly the optimal combination of im-
provements in energy efficiency and search for more sus-
tainable solutions. the vision of sustainable building was 
discussed in the last decade (Gimenez et al. 2012; Wang, 
Adeli 2014; Žėkas et al. 2014; Kang 2015; Medineckiene 
et al. 2015 and others) pointing that a successful creation 
of sustainable infrastructure systems and environmentally 
conscious designs requires a holistic, integrated, and mul-
tidisciplinary approach.

the buildings sector is the largest energy-consum-
ing sector, accounting for over one-third of final energy 
consumption globally and an equally important source of 
co2 (carbon dioxide) emissions (iEa 2013). trends of 
energy use in buildings are directly related to the reno-
vation of energy supply infrastructure, new construction, 

refurbishment of old buildings, maintenance and replace-
ment of heating, ventilation and cooling equipment. Yet, 
by far most energy is consumed not for construction but 
during the use the buildings. currently, space heating and 
cooling together with water heating are estimated to ac-
count for nearly 60% of global energy consumption in 
buildings. they therefore represent the largest opportu-
nity to reduce buildings energy consumption and reduce 
co2 emissions.

Poor thermal performance of building envelope dur-
ing use has also influence on high-energy consumption 
for heating and high heating expenditures. the building 
envelope determines the amount of energy needed to heat 
and cool a building, and hence needs to be optimised to 
keep heating and cooling loads to a minimum. interna-
tional Energy agency (iEa 2013) estimated that a high-
performance building envelope in a cold climate requires 
just 20% to 30% of the energy required to heat the current 
average building. More than 40% of the savings expected 
in heating and cooling energy demand under a low-car-
bon scenario can be directly attributable to improvements 
in the building envelope. 

Recent studies (Mahdavi, tahmasebi 2015; Marti-
naitis et al. 2015) revealed that occupants’ behaviour sig-
nificantly affects building energy consumption and have 



Journal of Civil Engineering and Management, 2016, 22(1): 124–133 125

also be taken into account in predicting energy consump-
tion of buildings even on design stage. Many studies re-
ported that the assurance of comfortable indoor conditions 
is the main goal of the building modernization (Dzeng 
et al. 2015; aja et al. 2015; Friege, chappin 2014; Mjo-
ernell et al. 2014). the indoor climate has become a big 
concern due to more indoor time spending (Wang et al. 
2011). the thermal comfort parameters of the majority of 
old construction buildings do not meet the requirements 
of hygiene norms, and that is the one of the reasons why 
buildings need to be modernized. it is known that small 
temperature fluctuations cause the movement of air and 
very large temperature difference causes cold symptoms. 
it is necessary to avoid the peaks of temperature for the 
microclimate to be more comfortable. the ventilation is 
necessary in order to eliminate unpleasant odours and to 
reduce the accumulated moisture. the indoor humidity 
is also important, because if it exceeds 70% and if less 
than 40% the conditions are considered as negative. the 
installation of the additional thermal insulation allows 
saving energy for heating. Significant decrease in ener-
gy consumption could be achieved if the building before 
refurbishment was not insulated (ham, Golparvar-Fard 
2015; Kim et al. 2009; lombera, Rojo 2010; Wong, Fan 
2012). 

Although scientific community recently discuss-
es the concept of ecological modernization (Bayulken, 
huisingh 2015) the developing countries with emerging 
economies are forced to short-sighted urban develop-
ment models due to significant economic pressures. As 
a rule, the income of residents living in old apartment 
buildings is almost equal to the expenses for heating, and 
in some cases, the amount paid for heating exceeds the 
rent. then the state is obliged to cover the heating costs 
of socially supported residents with low-income level. 
in such situation the governments more likely to ignore 
ecological implications and inclined to give importance 
to the energy, social and economic aspects of moderni-
zation (Stankevičius et al. 2014). therefore, the studies 
focusing on economic aspects of modernization are still 
relevant. Bearing in mind the financial constraints Bucoń 
and sobotka (2015) developed a decision-making mod-
el for choosing the repair solutions for the most cost-
effective scope supporting the decision-maker in multiple 
criteria building appraisal and the choice of the optimal 
repair solution. taking into account the aforementioned 
regional specifics, the authors raised the aim to find the 
most suitable decision model to evaluate the moderni-
zation alternatives in term of energy conservation and 
economic aspects. the paper presents the decision model 
for selection of alternative combinations of moderniza-
tion measures and case study illustrating the application 
of proposed model.

1. The decision model

Decision-making based on the analysis of a number of 
problems or their synthesis often requires the integration 

of several problems into a coherent whole (Šarka et al. 
2008). the concept of synthesis in decision-making was 
used in number of researches (srdjevic, B., srdjevic, Z. 
2013; simanaviciene et al. 2012; simanaviciene, usti-
novichius 2012 and others). Decision-making by using 
the methods of synthesis requires step-by-step selection 
of the most effective option from a generated set of al-
ternatives. the decision model used for selection of al-
ternative combinations of modernization measures in this 
study presented in Figure 1.

First, building and energy experts perform the build-
ing audits and collect the data on existent condition of 
building. collected building data stored in database to-
gether with data on available construction materials, tech-

Fig. 1. the proposed decision model
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nologies, etc. after that, the experts select possible alter-
native measures for modernization taking into account 
the result of building energy audit, the state of building 
structures and specific problems found in exact building. 

Experts together with building managers determine 
the criteria set for analysis of alternative modernization 
measures. on next step the experts, using pairwise com-
parison set the values and weights of criteria. Formation 
of alternative combinations of modernization measures 
were made with help of decision tree model (Fig. 2). this 

model identifies the combinations of insulation options 
for the plinth, walls and roof. several options can be used 
in combination with each other. Multi-criteria evaluation 
of alternative combinations authors propose to perform 
by using syMaD-3 method, as it belongs to the group of 
synthesis methods and enables step-by-step selection of 
the most effective option from a generated set of alterna-
tives. Decision tree generates many alternative combina-
tions. to minimize the computing routine the analysis of 
building energy demand is performing for several alterna-
tives from the priority order list. the analysis of building 
energy demand shows how the alternative combinations 
of modernization measures influence the energy con-
sumption in exact building. Decision-maker selects the 
best performing alternative in terms of energy consump-
tion, cost of instalment and other relevant criteria.

2. The set of criteria

Factors determining the necessity of public buildings re-
furbishment are related to the problems encountered in 
particular building. although the problems are unique 
to a particular case, the studies show often encountered 
ones: indoor temperature is too low or too high, the floor 
temperature is too low, relative humidity is too low or 
too high, indoor airflow is too high, carbon dioxide con-
centration in premises is too high, high energy consump-
tion for heating, hot water and electricity production, high 
physical depreciation of building constructions, windows, 
doors, engineering systems, poor building external ap-
pearance. the criteria selected for the evaluation of pub-
lic building modernization measures are defined in ta-
ble 1.

Setting the values and weights of criteria. the 
weights of criteria are determined using pairwise com-
parison. numerical values of subjective criteria weights 

( 1, )jq j n=  are determined by solving optimization task:
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Fig. 2. a fragment of decision tree used for selection of 
alternative combinations of modernization measures

table 1. criteria set for analysis of alternative modernization 
measures

no criteria Measuring units

1R Heat transfer coefficient W/m2K

2R the cost of measure EuR

3R Predicted lifespan of the measure years

4R construction work possibility not 
depending on the seasonality points

5R annual savings kWh/m2/m

6R simple payback period years

7R thickness of structure* mm

Note: * only for plinth, exterior walls and roof.
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here ijb  is the pairwise comparison of criteria iR  and jR  

),1,( nji =  made by experts. this indicator is the ratio of 
experts’ ratings of the ith and jth criteria:

 
j

i
ij q

qb = . (2)

the information collected was systematized using 
pairwise comparison matrices and the weights for each 
building constructional part were set after the calcula-
tions were made and the criteria are ranked. the results 
are shown in table 3. A sufficient compatibility has been 
established, so the further calculations can be performed.

3. SyMaD-3 the synthesis method of modernization 
decisions for the building envelope

Decision-making is the process of defining the goals, 
determining possible alternatives, gathering information 
about relevant criteria and selecting the optimal alterna-
tives. Making decision on basis of one criterion is unre-
liable, as real world problems are usually complicated 
due to diverse information on object under consideration 
and often conflicting aims of decision-makers. Finding 
the right decision for a complicated problem could be the 
challenge if appropriate tools are absent. there is opin-
ion, that each model can be evaluated with help of multi-
ple criteria methodology and, therefore, results could be 
more helpful and practical (Zolfani et al. 2015). in this 
article the authors are applying a new multistage method: 
Synthesis of Multiple Attribute Decisions by three meth-
ods – SyMAD-3 (simanaviciene et al. 2012). this method 
is addressed to combine multiple criteria decisions into 
a single solution. authors believe this method is very 
suitable for evaluation of modernization decisions of the 
building envelope. the presented algorithm comprises 
method for integrated significance determination of ef-
ficiency indicators and multiple criteria decision methods 
COPRAS (Zavadskas, Kaklauskas 1996), TOPSIS (Yoon, 
hwang 1981) and SAW (churchman, ackoff 1954). three 
multiple criteria decision support methods based on quan-
titative measurements used to increase the reliability of 
the decision.

a multiple criteria complex proportional assess-
ment of the projects method (COPRaS) (Zavadskas 
et al. 2004; Kaklauskas et al. 2005). the significance 
and priority, examined using this method, directly and 
proportionally depends on the system of criteria that ad-
equately characterizes the alternatives, efficiency indica-
tors’ values and their weights’. the experts determine the 
system of criteria and calculate the criteria values and 
the initial significances. the groups of interest (customer, 
consumer, etc.) according to their goals and opportunities 
may adjust all this information. therefore, alternative as-
sessment results provide a detailed outline of the general 
original data of the experts and groups of interest:
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the relative significance of the comparative options 
(efficiency) is determined by characterizing positive (pro-
ject “plus”) iS+ and negative (project “minus”) iS−  fea-
tures. the higher the iQ , the higher the project efficiency 
(prioritizing).

Technique for Order Preference by Similarity 
to Ideal Solution method (TOPSIS). Yoon and hwang 
(1981) developed the methodology based on the concept 
that the optimal alternative is at the minimum distance to 
the ideal solution and the greatest distance to the worst 
solution. this method is called the technique for order 
Preference by similarity to ideal solution method (toP-
sis). the relative distance of each (i) option to the ideal 
is determined:
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here iL+  is the distance between the comparative (i) and 
the ideal option. iL−  is the distance between the compara-
tive (i) and the worst option. the closer the iK  value is 
to 1, the closer the (i) option is to +a , i.e. rational option 
will be the one that iK value is the highest.

Simple additive Weighting (SaW) method. sim-
ple additive weighting (saW) is well known, the most 
simple and most widely applied. Maccrimmon (1968) 
presented principle rules of this method. the normalized 
values are multiplied by significances and summed when 
determining the rationality of the option. the maximum 
sum of products shows the rational option:
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here ijx  is normalized decision matrix.
The SyMaD-3 method. the purpose of this meth-

od is multi- objective decision synthesis by using three 
multiple criteria decision methods (simanaviciene et al. 
2012, 2014). the multistage decision tree model (Fig. 2) 
represents the structure used for analysis of alternative 
solutions being on different stages of decision making 
process. the model represents a decision tree and uses 
the following notations:

 – K ={k}, (k = 1, 2,…, c) is the set of stages in the 
decision analysis, k is the stage number; c is the 
number of stages;

 – mk (k = 1, 2, 3) is the number of decision tree nodes 
in each stage, determined depending on the number 
of the decision tables;

 – z = mc is the number of decision tree branches con-
necting the root node with the terminal node (leaf 
node), where mc is the number of the last decision 
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tree branches. number of the branches is the number 
of the alternative combinations. 
By using the decision tree model and the required 

initial data the analysed alternatives can be grouped and 
ranked by selecting the appropriate algorithm. the algo-
rithm of SyMAD-3 method consists of two stages.

Stage 1 is used to determine the object, the prima-
ry effectiveness of alternatives and to set the calculation 
data. there are six steps on this stage:

1. Determining the number of solution stages and cre-
ating a system of efficiency criteria for each stage k 
of the solution. K ={k}, (k = 1, 2, …, c) is the set of 
stages in the decision analysis, k is the stage number, 
c is the number of stages. in addition, decision tables 
for each stage of the solution are made, where mk is 
the number of decision tree nodes in each stage at 
the k stage determined depending on the number of 
the decision tables. using these data tables, decision 
matrices are constructed:

 , 1, ; 1, ; 1,t
t ij t kX x t m i a j n = = = =  , (6)

here t is the number of the decision tables, ta  is the num-
ber of alternatives in the t decision table and kn  is the 
number of the efficiency criteria at the k stage.

2. Filling the matrices of pairwise comparison, used to 
determine the significance of efficiency criteria:

 { } , 1, 2,..., pE p p e= = , (7)

here E is the group of experts, p – the expert number, 
ep – the total number of experts. 

3. setting the coherence of the pairwise comparison. 
the degree of compatibility S  is calculated for eve-
ry matrix:

 
A

I
S
SS = , (8)

here IS  is the matrix compatibility index, AS  is average 
of the random index. if S < 0.1 matrix compatibility is suf-
ficient and matrix is used to determine the significance, if 
not, matrix data are not used for further calculations (saaty 
1994). 

4. Determining the significance of criteria for the k 
stage. the values of integrated significance kjq , 

cknj ,1,,1 ==  are calculated using the matrixes 
of pairwise comparison filled by experts and pro-
cessed using the method of least squares. the com-
patibility of experts’ opinions on the significance of 
criteria is checked by calculating the coefficient of 
concordance. if the compatibility of experts’ opin-
ions is sufficient, the integrated significance *

kjq , 
cknj k ,1,,1 ==  are calculating. if the expert opin-

ions’ compatibility is insufficient, experts’ group 
composition is reconsidered. the calculations are 
repeated with the data obtained from renewed ex-
pert group.

5. the rationality of alternatives is being deter-
mined by three methods: toPsis, saW, co-
PRas, using the earlier formed decision matrixes 

[ ] kt
t
ijt njaimtxX ,1;,1;,1, ====  and values of in-

tegrated significance *
kjq , cknj k ,1,,1 == .

6. after performing the calculations by all three meth-
ods, the results are presented in the form of relative 
importance:

 ( [ , , ]) ( , , )i i i i
k kT kS kCA TOPSIS SAW COPRAS R R R= ,  (9)

 kmick ,1,,1 == .

Stage 2 is used to form the alternative combinations 
and evaluate their rationality. the alternative combina-
tions , 1,sB s z=  are created from the alternatives com-
posed at the first stage using the decision tree model and 
presented in decision tables kA . this stage consists of the 
following three steps:

1. alternative combinations can be presented as a vec-
tor:
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2. the obtained alternative combinations are recorded 
into decision table (table 2) and this data will be 
used for further calculations.

table 2. Decision table for alternative combinations of modernization measures

stages i stage ... c stage
criteria

alternatives R[1] R[2] R[3] ... ... ... R[7] R[8] R[9]

B1 R1
c,T R1

c,S R1
c,C ... ... ... R1

s,T R1
s,S R1

s,C

B2 R1
c,T R1

c,S R1
c,C ... ... ... R2

s,T R2
s,S R2

s,C

... ... ... ... ... ... ... ... ... ...
Bz Rn1

c,T Rn1
c,S Rn1

c,C ... ... ... Rn3
s,T Rn3

s,S Rn3
s,C

optimality direction Max Max Max ... ... ... Max Max Max
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3. Each alternative combination is evaluated by the 
toPsis, saW and coPRas methods. using the 
data from the decision table (table 2) the decision 
matrix is being compiled: 

 [ ], 1, , 1,slY y s z l k mt= = = × , (11)

here mt is the number of the used methods (in our case 
mt = 3), k – stage number, )...,,2,1( ck = . in this case s 
is the number of the rows of Y matrix, l – number of the 
columns of Y matrix:

 ,( ) ( ),

1, , 1, , 1, , 1, , 1, ,

i
sl k Mr

k r

y R

s z l k t i m k c M t

=

= = × = = =
 (12)

here Mr  is the number of the used methods.

a set of criteria { }, 1,2,...,lR R l k mt= = ×  required 
to evaluate the alternatives presented in the matrix Y is 
made. the optimal value of these criteria are maximum 
and their significance values are the same, since they are 
affected neither by subjective nor objective factors. the 
significance values of criteria have to satisfy the follow-
ing condition:
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here k is the number of stages and mt is the number of 
methods.

after evaluating the effectiveness of the alternative 
combinations by each of above mentioned methods, their 
values and ranks are presented in a table.

the described method can be used for various multi-
stage, multi- objective decision-making challenges where 
information on alternatives is given in the quantitative 
form. in this case, the syMaD-3 method is used for the 
analysis and synthesis of replacement solutions for exter-
nal walls, roof, plinth insulation and windows.

4. Case study

4.1. Description of the object
the building of vaidotai railway station was built in 
1980. it has 2,168.00 m2 of total area and the five floors. 
the heating of building was provided by a local gas 
boiler located in the basement. the roof is superposed, 
covered with the membrane. the existing roof structure 
formed from aerated concrete 200 mm on the reinforced 
concrete floor slab. the building exterior walls are built 
of 510 mm silicate bricks, inside surface is plastered and 
painted. Building audit determined the 25% physical de-
preciation of building. the finishing of the walls and ceil-
ings is worn out. the facade has visible cracks of 1.0–
1.4 mm. the ventilation chimneys’ tinning is worn out. 
Mechanical condition of the floors and the foundation is 
satisfactory. the basement aboveground wall (plinth) is 
constructed of 400 mm thick reinforced concrete blocks. 
the finishing of plinth is in several places crumbled, has 
visible cracks of 0.7–0.9 mm. Building experts recom-

mended to install the heat insulating layer and a rolled 
covering on the roof during the repair works. the tinning 
works of the worn out chimneys must be performed. the 
building examination showed that the structural condi-
tion of the exterior walls of the building is in satisfac-
tory condition. it is recommended to restore the masonry 
walls and parapet tinning, to install the insulation and the 
exterior finishing layer. it is also proposed to insulate the 
plinth and to install the exterior finishing layer. experts 
recommended replacement of the windows and doors.

4.2. Data analysis and optimization
Possible modernization measures were considered tak-
ing into account the results of building audit and rec-
ommendations provided by experts. the multistage deci-
sion model is compiled, taking into account the basement 
aboveground wall (plinth), exterior walls and roof insu-
lation options. Four insulation options for each element 
were considered. two replacement options for windows 
were selected.

all modernization measures (the plinth, walls and 
roof) are characterized by the equal set of criteria. all 
alternative combinations of plinths, walls and roofs were 
assessed taking into account those criteria. the values of 
criteria characterizing the alternative measures are pre-
sented in table 3.

at the beginning, alternative measures were evalu-
ated separately, using the toPsis, saW and coPRas 
methods. then the results were moved into new decision 
matrix and the evaluation of alternative combinations of 
modernization measures is performed using same meth-
ods. intermediate results, obtained after the first iteration 
by applying the calculation algorithm, are presented in 
table 4. the 64 alternative combinations of measures 
were comprised on the basis of intermediate results (ta-
ble 5). calculation results show that the rational combi-
nation is B38, which consists of 3rd plinth, 2nd wall and 
2nd roof options.

4.3. The building energy demand analysis
taking into account the above presented roof, walls and 
plinth insulation decisions and in order to achieve char-
acteristics of the low energy building, the building engi-
neering systems were analysed additionally. these calcu-
lations are carried out using the Passive House Planning 
Package, hereinafter – PhPP. 

As air infiltration is relatively small in airtight low 
energy building, a mechanical ventilation system should 
be installed, in order to ensure comfortable indoor condi-
tions. the most important part of the ventilation system 
is an exchanger with the efficiency ratio not less than 0.8. 
so the ventilation system with heat recovery was consid-
ered with the efficiency of at least 0.8 and the ventilation 
system fan power use shall less than 0.75 Wh/m3. the 
building tightness should not exceed 0.6 h–1, so for the 
building to meet the low energy building standard the 
0.52 h–1 value is accepted. 
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alternative 
measures

criteria

1R 2R 3R 4R 5R 6R 7R
1 2 3 4 5 6 7 8

Plinth 1 0.18 9,155.17 30 2 3.00 12 600
Plinth 2 0.16 9,408.31 25 2 3.66 12 630
Plinth 3 0,14 9,745.72 27 6 3.78 15 670
Plinth 4 0,12 10,167.40 25 2 3.89 14 720
Wall 1 0.15 104,699.95 25 3 58.80 12 690
Wall 2 0.14 107,155.06 26 4 59.75 12 710
Wall 3 0.11 122,949.49 27 6 62.59 15 780
Wall 4 0.10 141,751.33 25 3 63.54 13 820
Roof 1 0.12 31,511.24 25 6 33.05 17 520
Roof 2 0.11 33,008.28 25 5 33.30 17 540
Roof 3 0.10 34,520.68 25 4 33.54 22 590
Roof 4 0.09 35,744.03 25 6 33.78 20 620

Window 1 1.0 87,197.21 25 5 42.91 14 –
Window 2 0.7 104,635.98 28 5 50.23 14 –
Min/max min min max max max min min

Significance of criteria
Plinth 0.121 0.254 0.151 0.046 0.173 0.175 0.080
Wall 0.140 0.245 0.136 0.047 0.162 0.172 0.097
Roof 0.136 0.260 0.132 0.049 0.155 0.216 0.052

Windows 0.147 0.253 0.131 0.052 0.209 0.208 –

table 3. alternative measures and values of criteria

table 4. the significance of the alternatives and ranks obtained using tOPSiS, SAW and COPRAS methods

        Method

alternatives
Rationality Rank

toPsis saW coPRas toPsis saW coPRas
Plinth 1 0.395 0.876 0.243 4 4 4
Plinth 2 0.447 0.887 0.248 3 3 3
Plinth 3 0.604 0.907 0.260 1 1 1
Plinth 4 0.486 0.894 0.249 2 2 2
Wall 1 0.550 0.892 0.246 3 3 3
Wall 2 0.609 0.910 0.253 1 1 2
Wall 3 0.557 0.909 0.255 2 2 1
Wall 4 0.434 0.889 0.245 4 4 4
Roof 1 0.629 0.954 0.255 2 1 1
Roof 2 0.671 0.946 0.254 1 2 2
Roof 3 0.303 0.895 0.239 4 4 4
Roof 4 0.512 0.937 0.251 3 3 3

Window 1 0.423 0.911 0.487 2 2 2
Window 2 0.577 0.958 0.513 1 1 1

additional measures reducing the overheating of the 
building in the summer time were considered. the 19.2% 
probability that the indoor temperature to be higher than 
+25 °c in summer is obtained assessing all the input data. 
this problem can be solved by installing the blinds on the 
eastern, southern and western windows that would cover 
50% of the glazing.

the heating system pipeline design features, as well 
as the temperature of the rooms, through which these 
pipelines run, and other data are entered. the heating 
system and water pipeline heat losses were calculated. 

the condensing gas boiler of 85 kW capacity, which 
will provide hot water and will perform additional func-
tions of the heating system, was selected at the building 
owner’s request.

the quantity of electrical appliances is counted: 
lamps, office equipment and other devices. taking into 
account the purpose of the premises the comfortable 
lighting is selected.

the initial data was entered into input data window 
(Fig. 3).
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table 5. Fragment of the alternative combinations of modernization measures

Building element Plinth Wall Roof
criteria

alternative  
combination

RT
[1] RS

[2] RC
[3] RT

[4] RS
[5] RC

[6] RT
[7] RS

[8] RC
[9]

B1 0.395 0.876 0.243 0.554 0.892 0.246 0.629 0.954 0.255
B2 0.395 0.876 0.243 0.554 0.892 0.246 0.671 0.946 0.254
B3 0.395 0.876 0.243 0.554 0.892 0.246 0.303 0.895 0.239
B4 0.395 0.876 0.243 0.554 0.892 0.246 0.512 0.937 0.251
B5 0.395 0.876 0.243 0.609 0.910 0.253 0.629 0.954 0.255
B6 0.395 0.876 0.243 0.609 0.910 0.253 0.671 0.946 0.254

...... ….. …… ….. ….. ….. ….. ….. ….. …..
B35 0.604 0.907 0.260 0.554 0.892 0.246 0.303 0.895 0.239
B36 0.604 0.907 0.260 0.554 0.892 0.246 0.512 0.937 0.251
B37 0.604 0.907 0.260 0.609 0.910 0.253 0.629 0.954 0.255
B38 0.604 0.907 0.260 0.609 0.910 0.253 0.671 0.946 0.254
B39 0.604 0.907 0.260 0.609 0.910 0.253 0.303 0.895 0.239
B40 0.604 0.907 0.260 0.609 0.910 0.253 0.512 0.937 0.251
….. ….. ….. ….. ….. ….. ….. ….. ….. …..
B63 0.486 0.894 0.249 0.434 0.889 0.245 0.303 0.895 0.239
B64 0.486 0.894 0.249 0.434 0.889 0.245 0.512 0.937 0.251

Optimality direction Max Max Max Max Max Max Max Max Max
Significance 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111

Fig. 3. input data window

the program calculates all the energy used in the 
building. it is also applies a certain rate for each differ-
ent type of energy and recalculate the actual amount of 
energy into primary annual energy demand.

Finally, the energy demand for space heating is ob-
tained and assessed whether the foreseen modernization 

measures allow reaching the characteristics of the low 
energy building. Final evaluation of the selected build-
ing modernization measures using the PhPP program is 
shown in Figure 4.

Fig. 4. Evaluation of the building energy demand using the PhPP program
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Conclusions 

the aim of our study was to present the decision model 
for selection of optimal combinations of modernization 
measures. to analyse the building modernization meas-
ures and to form all possible combinations of these meas-
ures the decision tree model was applied. the presented 
algorithm of decision synthesis method comprises meth-
od for integrated significance determination of efficiency 
indicators and multiple criteria decision methods. three 
multiple criteria decision support methods based on quan-
titative measurements used to increase the reliability of 
the decision.

this study has some limitations that should be point-
ed out. Decision tree generates many alternative combi-
nations. to minimize the computing routine the analysis 
of building energy demand was performed at the final 
stage of analysis and only for several alternatives from 
the priority order list received after assessment of so 
called “passive” modernization measures (insulation so-
lutions for building envelope and windows replacement). 
the analysis of possible alternative building engineering 
systems was not included in our case study. the only one 
of accordingly ventilation, heating, cooling and shading 
systems was considered for all combinations. as such, 
future research could consider the inclusion of different 
alternatives of building engineering systems and exten-
sion of decision model with new subsystems enabling the 
fast processing of big data. such analysis will show more 
precisely how the alternative combinations of  “passive” 
modernization measures together with “active” measures 
influence the energy consumption in exact building. 

Despite these limitations, our study makes some im-
portant contributions to existing research. our results show 
that methods of synthesis, like syMaD-3 method, could 
be successfully applied for step-by-step selection of the 
most effective option from a generated set of alternatives. 
the syMaD-3 method can be used for various multistage, 
multi-objective decision-making challenges where infor-
mation on alternatives is given in the quantitative form. 
our results also have some implications for building 
owners and building managers. authors believe that this 
method is very suitable for evaluation of modernization 
decisions of the building and enables decision-maker to 
select the best performing alternative in terms of energy 
consumption, cost of instalment and other relevant criteria.

the successful creation of sustainable building, in-
frastructure systems and environmentally conscious de-
signs requires a holistic, integrated, and multidisciplinary 
approach. therefore, the special emphasis should be giv-
en to collaborative approaches. in the building design, 
operation and maintenance, and especially in the modern-
ization processes, the cooperation of architects, engineers 
and experts of construction technology is very important. 
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