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Abstract. At the time when the demands of customers for quality construction are growing, the problem of 
evaluating the inner climate in a building and analyzing it from various perspectives becomes particularly important. 
The article is focussed on the analysis of inner climate, its influence on human beings and problems caused by the 
parameters of inner climate not meeting the standards. The condition of the spaces is determined by making the 
required measurements. The factors causing the deviation from the standards are identified and rational dwelling 
alternatives are offered. By using the method MOORA (Multi Objective Optimization on basis of Ratio Analysis), the 
best alternative is chosen from the available options. The multicriteria analysis is based on the data obtained in the 
investigation of inner climate. 
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1. Introduction The information obtained may be also used for 
identifying the causes of inner climate deviation from 
the standards specified. The development of building construction, emb-

racing new technologies, building materials and the 
growing demands of customers, raises the problem of 
evaluating the inner climate of a building as a final 
product. Most of the people purchasing newly built 
houses or apartments pay attention only to their price, 
maintenance costs, living space, location, etc., igno-
ring such parameters as inner climate, which largely 
determines how healthy and able-bodied the residents 
would be, and other important factors [4-11, 15]. A 
balanced inner climate prevents from spreading of 
bacteria as well as human immune system and the 
inner surfaces of a building from vapour condensing 
and molding [6, 7]. The analysis of inner climate is a 
time-consuming task. It requires special skills and 
knowledge as well as special equipment to obtain the 
data. The data obtained should be properly processed 
and evaluated. To facilitate the process of evaluation, 
decision support systems, which can help not only to 
process the data but to compare the alternatives and to 
make a rational solution, may be used.  

The authors of the present paper made a compa-
rative analysis of premises based on the criteria 
describing inner climate.  

2. Factors influencing inner climate 

In this section, factors influencing inner climate 
are described. They mainly refer to ventilation and air 
conditioning systems.  

2.1. Ventilation and air conditioning systems  

The main structural and technical parameters on 
which inner climate depends refer to windows, doors, 
wall insulation, acoustic and air conditioning systems 
and the size of premises [10]. Some measures aimed at 
changing the inner climate, which consisted in mecha-
nical ventilation, temperature and relative air humidity 
regulation, had already been taken in the last century.  

In this way, the inner climate favourable for the oc-
cupants of the rooms was created. The risk for people 
to get ill increases when the air is saturated with 
carbon dioxide (CO2), aerosol or other substances. The 
effect of the rate of air turnover on the human fitness 
to work was studied by EUROVEN [13], the Euro-
pean research group. Having analyzed more than 

Computer-aided technologies should be used for 
processing large amounts of the data collected. This 
makes decisions more effective and increases the 
amount of data which can be selected and processed 
per unit time [8]. Given the data, generalized and sys-
temized according to specified criteria, a customer can 
quickly choose desirable premises. 
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hundred papers, they made a conclusion that ventila-
tion directly affects the inner climate. Proper ventila-
tion helps to limit the risk of infection and short-term 
sickness rate as well as other negative effects. The 
research group has also determined that the increase of 
the rate of air turnover largely increases air quality. 
When the rate of air turnover is lower than 25 l/s 
(90m3/h) the possibility of a building to acquire “a 
sick building syndrome” increases [13]. Many viruses 
and bacteria spread through the air. The more people 
in the room, the more varied the viruses. The smaller 
the space of the room per working place, the higher 
the concentration of viruses. Additional ventilation of 
the room reduces the concentration of viruses and bac-
teria in the air, which can penetrate the human body 
through the respiratory tract.  

Unfortunately, most of the above data are unavail-
able because real estate enterprises either do not have 
such information or do not provide it on their web-
sites. It is particularly difficult to get the information 
about building materials and technologies used in 
buildings constructed some years ago. Therefore, it is 
very important that real estate enterprises should 
provide information about building quality not only to 
agents selling real property, but to customers as well. 
Then, they would be able to compare buildings by 
using intelligent computer-aided systems. A potential 
owner should be provided with comprehensive infor-
mation about a particular building, thus allowing 
him/her to get a “technical passport” of this building, 
containing all necessary characteristics and parameters 
of the structure.  

When an air conditioning system does not operate 
properly, the sickness rate can also increase [14]. This 
happens when the room is not properly ventilated and 
because of it air pollution is increased. It is recom-
mended the temperature difference between the adja-
cent rooms to be not higher than 5ºC.  

To perform multicriteria analysis based on quanti-
tative and qualitative criteria is a complicated prob-
lem. The use of expert evaluation is insufficient, there-
fore, decision support systems should be employed 
[11]. In expert systems, a comparison of various 
objects is based on a smaller set of criteria than in 
decision support systems, giving thereby the answers 
only in a particular field. 

It can be stated that the rate of air turnover in the 
premises (15m3/h) specified by the hygienic norms [3] 
is not sufficient to provide comfortable thermal condi-
tions, ensuring good health and fitness to work of the 
occupants.  

3.  The applying of the method MOORA for 
comparing the inner climate in the premises 

When air humidity in the premises does not meet 
the requirements, the sickness rate also increases. At 
working places where air humidity is much lower than 
the specified values (40%-60%) illnesses of the respi-
ratory tract are more often [13].  

To compare the inner climate in various premises, 
a multicriteria optimization method MOORA [2] was 
used in the present research. In a short article it is not 
possible to illustrate why this method is the best or 
more preferable to use. More details are given in W.K. 
Brauers book [1] and in Brauers et al article [3]. The 
assessment operations of inner climate variants are 
performing in the order as is shown in Fig 1. 

2.2. Building materials 

Today, when new buildings are in great demand, 
they are erected quickly. To save time and get higher 
profit, cheaper building materials and technologies as 
well as unqualified labor are used. As a result, a low 
quality product (building) is obtained. To eliminate the 
defects, great efforts and large sums of money are 
required. It may be stated that the best alternative is 
when low cost is achieved not at the expense of 
quality [7].  

The most preferable alternative is found according 
to K from the formula: 
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where m is the number of alternatives, n is the number 
of criteria, g is the number of maximizing criteria, 

ijx are normalized non-dimensional values of  criteria.  
Therefore, choosing the premises, one should 

know what building materials and elements were used 
in construction and if the working places in the 
premises he/she is going to purchase satisfy the re-
quirements of Lithuanian hygienic standards, building 
codes and other legislative documents. To check it up, 
the following criteria may be used: 

The result of measurements of various dimensions 
were normalized and turned into non-dimensional 
values (the square root of the sum of squares of each 
alternative per criterion) by the formula:  
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• thermal resistance standards; 
• noise level; 
• fire protection requirements; 
• illumination intensity standards; 
• inner climate and air pollution level; First, maximizing criteria values (criteria with 

maximal preferable values) are given in decision 
making matrix and then they are followed by 

• other criteria of comfort and safety. 
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minimizing criteria (criteria with minimal preferable 
values) values. 
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Determining complex 
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Figure 2.  A decrease of work efficiency depending on 
temperature (our interpretation [12] – square mediocre 

quadratic values) 

5. Evaluating the inner climate in the 
premises by the method MOORA based on 
the selected criteria 

The study of the inner climate was performed in 
November 2006 in a five-storied house in Naujoji 
Vilnia. The house was constructed in 1982. The walls 
of the building are 51 cm thick. The house has 
reinforced concrete floor slabs, wooden windows, a 
basement and bitumen roll prepared roofing. 

Ranking the alternatives 

Figure 1. Sequence of operations performed in the 
framework of multicriteria decision support system 

MOORA The required measurements were made by using 
Metrel equipment MJ6201EU having a calibration 
certificate. The data obtained are presented in Table 1. The ranking of the alternatives follows the prin-

ciple that the best alternative has the highest  value, 
while the worst alternative has the lowest  value. 

jk

jk
The results obtained in using the method, which 

was described in Section 3, are given in Table 2. 
Given the data on the criteria describing the inner 
climate, rational solutions about its improvement and 
maintenance cost reduction can be made. The studies 
performed help to identify the inner climate para-
meters of the workplace which do not meet specifica-
tions. The data obtained can also be used for develo-
ping and implementing measures aimed at maintaining 
favourable inner climate at workplaces. The research 
aims to determine the inner climate at the premises 
where people relax and to define measures to be taken 
to improve their environment.  

Then, the criteria for evaluating the inner climate 
in the premises have to be selected.  

4.  Selecting a set of criteria for evaluating 
inner climate 

Based on the analysis of the material presented in 
Sections 2 and 3 of the present paper, we suggest the 
following criteria for inner climate evaluation: 
• Air turnover in the premises - x1, optimal x1≥15 

m3/h;  The calculations made by formula (1) show that 
the most favourable inner climate is in living room 
No.7.  

• Air humidity - x2, x2≥0, optimal x2=50 %; 
• Air temperature - x3 , x3≥0. As shown in     fig. 2, 

the most comfortable temperature is in the range 
24-25 °C. Investigated values are in the range 16-
21 °C. On the base of this we can state: 

The results obtained (quality percentage of living 
room alternative according to its rank) represent inner 
climate characteristics with some error.  

An ordinary customer making a decision about 
purchasing or renting a real estate unit cannot get 
generalized data on the inner climate in premises 
because he lacks the respective qualification, 
knowledge and time required to carry out research, 
formalize and generalize the data, etc. 

a) maximal investigated value is the most 
preferable; 

b) with a small error can be assumed that it is 
linear function (in graph red line). 

• Illumination intensity - x4; 
• Air flow rate - x5, x5≤0.05 m3/h; 
• Dew point - x6. 
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Table 1. Measurement results 

Living room 
No. 

The amount 
of air changed 

per head 
(m3/h) 

Relative air 
humidity (%) 

Air 
temperature 

(°C) 

Illumination 
(during work 

hours) 
(lx) 

Rate of air 
flow 
(m/s) 

Dew point 
(°C) 

 x1 x2 x3 x4 x5 x6 
1 7.5 46 18 400 0.10 11 
2 6.7 50 16 250 0.05 10 
3 7.1 49 19 280 0.10 12 
4 5.2 48 20 300 0.05 11 
5 5.3 32 21 300 0.05 11 
6 3.9 38 19 260 0.10 8 
7 8.1 44 20 400 0.05 6 
8 4.5 46 18 300 0.10 7 
9 3.8 42 16 250 0.10 5 

10 5.4 37 19 200 0.05 9 
Optimum max max max max min min 

Table 2. Normalized matrix 

Living 
room 
No. 

x1 x2 x3 x4 x5 x6 k Rank 

1 0.40 0.33 0.30 0.42 0.40 0.37 0.68 4 
2 0.36 0.36 0.27 0.26 0.20 0.34 0.71 2-3 
3 0.38 0.36 0.32 0.29 0.40 0.41 0.54 8 
4 0.28 0.35 0.33 0.32 0.20 0.37 0.71 2-3 
5 0.28 0.23 0.36 0.32 0.20 0.37 0.62 5 
6 0.21 0.28 0.32 0.27 0.40 0.27 0.41 10 
7 0.43 0.32 0.34 0.42 0.20 0.20 1.11 1 
8 0.24 0.33 0.30 0.32 0.40 0.24 0.55 7 
9 0.20 0.30 0.27 0.26 0.40 0.17 0.46 9 

10 0.29 0.27 0.32 0.21 0.20 0.31 0.58 6 
Optimum max max max max min min   

 
This is the work of highly qualified specialists. Gi-

ven the graphs of the inner climate provided with 
some comments, a customer can make a rational solu-
tion about purchasing a real estate unit with much 
lower losses which he/she could suffer trying to 
restore it.  

Inner climate should be taken into account in real 
estate valuation because some data obtained in the 
research reveal significant drawbacks and defects of 
buildings, thereby helping to avoid the potential ex-
penses in the case of purchasing low quality real pro-
perty. 

The study of the inner climate in the living rooms 
and a comparative analysis of the obtained data with 
the values provided by the hygienic norms allowed us 
to state that most of the investigated parameters do not 
meet current specifications. Forced ventilation should 
be installed in these living rooms to ensure the re-
quired rate of air turnover. 

6. Discussion of results and conclusions 

A survey of literature made by the authors has 
shown that inner climate is a significant criterion of 
real estate valuation. Its main parameters are as 
follows: 

The evaluation data obtained by using the 
MOORA method may be used in determining the 
market value of particular apartments or flats in 
Lithuania as well as in other countries. 

• Air turnover in the premises - x1, 
• Air humidity - x2, 
• Air temperature - x3, 
• Illumination intensity - x4, 
• Air flow rate - x5, 
• Dew point - x6. 

82 



Multicriteria Evaluation of Inner Climate by Using MOORA Method 

References 

 [1] W.K. Brauers. Optimization Methods for a Stakehol-
der Society. A Revolution in Economic Thinking by 
Multiobjective Optimization, Kluwer Academic 
Publishers, Boston, 2004. 

 [2] W.K. Brauers, E.K. Zavadskas. The MOORA me-
thod and its application to privatization in a transition 
economy. Control and Cybernetics, Vol.35, No.2, 
2006, 443–468. 

 [3] W.K. Brauers, E.K. Zavadskas, Z. Turskis. J. An-
tucheviciene. Evaluating redevelopment alternatives 
of buildings with an application of the MOORA 
method. Simulation and optimisation in business and 
industry, Kaunas, Technologija, 2006, 131-135. 

 [4] Ch. Isaksson, F. Karlsson. Indoor climate in low-
energy houses – an interdisciplinary investigation. 
Building and Environment, Vol.41,  2006, 1678–1690. 

 [5] T.J. Lintner, K.A. Brame. The effects of season, cli-
mate, and air-conditioning on the prevalence of Der-
matophagoides mite allergens in household dust. 
Journal of Allergy and Clinical Immunology, Vol.91, 
Issue 4, 1993, 862–867. 

 [6] Lithuanian hygienic norm HN 42:2004 ‘Microclimate 
of residential and administrative buildings’. Vilnius, 
2004 (in Lithuanian). 

 [7] S. Maekawa, F.  Toledo. Sustainable climate control 
for historic buildings in subtropical climates. Manage-
ment of Environmental Quality: An International 
Journal, Vol.14, Issue 3, 2003, 369–382. 

 [8] P.Malinauskas, D. Kalibatas. The selection of ra-
tional constructional technology processes variants 
using COPRAS method. Technological and economic 
development of economy, Vol.XI, No.3, Vilnius: 
Technika, 2005, 197–205. 

 [9] M.A. Matos. Formal requirements for utility and 
value functions for security-related decisions. The 
International Journal for Computation and Mathema-
tics in Electrical and Electronic Engineering, 2004, 
Vol.23, Issue 1, 225–236. 

[10] A. Saari, T. Tissari, E. Valkama, O. Seppanen. The 
effect of a redesigned floor plan, occupant density and 
the quality of indoor climate on the cost of space, 
productivity and sick leave in an office building–A 
case study. Building and Environment, 2006, Vol.41, 
No.12, 1961-1972. 

[11] A.T. Jr. Schroeder. Digitizing a real estate document 
library. Records Management Journal, 2006, Vol.16, 
Issue 1, 34–50. 

[12] O. Seppanen, W.J. Fisk, D.  Faulkner. Cost benefit 
analysis of the night-time ventilative cooling in office 
building. Healthy buildings 2003, ISIAQ seventh 
international conference, Singapore, 2003, Vol.3,  
394–399. 

[13] O. Seppanen, M. Vuolle. Cost effectiveness of some 
remedial measures to control summer time tempe-
ratures in an office building. Healthy buildings 2000, 
ISIAQ sixth international conference, Espoo, Finland, 
2000, Vol.1, 665–670. 

[14] J. Smolander, J. Palonen, M. Tuomainen, P. Kor-
honen O. Seppanen. Potential benefits of reduced 
summer time room temperatures in an office building. 
Healthy buildings 2003, ISIAQ seventh international 
conference, Singapore, 2003 Vol.3, 388–393. 

[15] W.L. Tse, T.P. Albert W.L.  Chan, K.Y.  Ida. The 
validity of predicted mean vote for air-conditioned 
offices. Facilities, 2005, Vol.23, No.13/14, 558–569. 

Received August 2007. 

83 



DOI: 10.5755/j01.itc.37.1.11901


