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Environmental aspects are of high priority for the identification and evaluation of
the parameters that affect the design and construction of buildings. Their improve-
ment in case of the existing European building stock while considering and main-
taining the occupants’ comfort sensation in high levels, is imperative for creating
an environmental friendly building. The combination of those aspects can upgrade
the indoor conditions leading to the creation of an appealing workspace where the
well fair of the occupants is established. In this line of approach, an integrated
evaluation of the indoor environmental parameters was conducted in office build-
ings, located in Thessaloniki, Greece, based on the occupants’ comfort sensation.
Main goal of the study is the determination of the existing correlations between the
perceived comfort sensation and a variety of environmental parameters considered
in building rating certification schemes. Those correlations can outline the weight
of every aspect based on the occupants' view and also help the policy makers to
accomplish the vision of an environmental sustainable, not only concerning the
energy consumption but also the occupants, building.
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Introduction

Achieving environmental sustainability of both working and living areas is extremely
important as it can affect the occupants’ health and well-being. Despite the significant improve-
ment of the energy performance of new buildings in the 1990 and 2000, the bulk of older,
less efficient buildings, leads to an increase of the energy consumption by the building sector
(38% of the total final energy) in order to establish the optimal thermal comfort and indoor air
quality [1]. This highlights the potential for energy conservation without reducing, or probably
even increasing, the occupants’ comfort [2, 3]. In this framework, international standards (EN
ISO 7730, EN ISO 15251) and European Directives (91/2002, 31/2010) have been issued over
the last decades, emphasizing the importance of upgrading the occupants’ comfort, increasing
the buildings’ energy performance and reducing respectively their energy consumption [4-7].
However, the implementation of the institutional framework faces certain difficulties as the vast
majority of the European building stock dates before 1990 and only 16.7% was constructed
from 1991 to 2010 [8]. In case of Greece, until today, only two regulations regarding the energy
upgrade and the thermal insulation have been published [9, 10]. On the other hand, regarding
comfort only the attainment of high satisfaction on each comfort parameter (thermal, visual,
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acoustic and air quality) based on the respective international standards is established [10].The
classification of Greek building stock is similar to the European one with 68% of the buildings
were constructed before 1981 and hence prior to the introduction of the first thermal insulation
regulation [11, 12].There is, therefore, a profound need to evaluate the indoor environment
conditions of existing buildings, and especially of office buildings, as they affect the occupants’
concentration and productivity levels, as well as their health and well-being [4]. In order to
achieve the indoor conditions’ evaluation, research shows that in situ monitoring is needed [13,
14]. Still, an integrated evaluation can only be achieved when not only thermophysical param-
eters are determined, but also a personalized research is conducted [15, 16].

The evolution in this scientific discipline can be determined based on a series of lit-
erature reviews conducted over the years regarding thermal comfort. In detail, the initial up-
date of the developed methodologies regarding the traditional perception of thermal comfort
[17-21] has developed nowadays into a multiparameter perception and determination of com-
fort [22-24]. In this case, more parameters are taken into consideration such as individual char-
acteristics and the occupants’ perception. Therefore, further analysis on the buildings’ evalua-
tion and occupants’ interaction is appropriate.

Moreover, another aspect that should firmly be considered, is the environmental,
which is in depth included and evaluated in the building rating systems, which are environ-
mental and management tools that aid in focusing on the construction sector and aiming at
sustainability, as well as at economic and social benefits. Rating systems for buildings have
incorporated the expertise and knowledge from environmental methodologies, decision making
and management tools, which have been used in other productive sectors and were therefore
influenced by those.

In this sense, rating systems are scoring systems designed to evaluate new and exist-
ing buildings based on a selected standard of assessing environmental performance. The most
popular certification schemes based on the number of certifications accredited are building
research establishment environmental assessment method (BREEAM) [25]: It is a European
rating system developed in the UK, but available and applicable to any other country, with
measurable evaluation characteristics and practical to be implemented for the users. Together
with leadership in energy and environmental design (LEED) [26], they are the most widespread
schemes.

Within this study, three main goals are to be met; (a) the monitoring of indoor air
quality in cases of office buildings, (b) the evaluation of environmental aspects through qual-
itative analysis and (c) the linkage of the occupants’ perception of comfort to environmental
parameters. This approach enables both the quantitative and qualitative evaluation of the indoor
environment, specifying the parameters that the policy makers need to consider so that the
appropriate strategies and plans can be applied for achieving in the near future net zero energy
building (nZEB) status.

Finally, during the qualitative evaluation, except for the traditional indices of thermal
comfort, as set by Fanger, probable relation between the occupants’ perception of comfort and a
variety of environmental characteristics are studied [27]. In this line of approach, an integrated
evaluation of the office buildings is presented, considering both the buildings’ energy and struc-
tural capabilities, along with the occupants’ needs and well-being.

Environmental evaluation

In order to determine a more personalized comfort approach in case of office build-
ings, an integrated methodological framework has been developed leading to the determination
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of the integrated personalizes comfort model of office buildings (IPCMOB) index [28]. As
stated by Antoniadou and Papadopoulos [28], the structure of this index, has three main com-
ponents; the building characteristics, the environmental conditions and the occupants’ attitude.
Regarding the indoor environmental aspect except for the indoor and outdoor thermophysical
parameters that are taken into consideration, a variety of direct and indirect measured environ-
mental aspects are considered.

Main target considering thermal comfort is to promote occupants’ productivity, com-
fort, and well-being by providing living quality connected to thermal sensation and energy effi-
ciency. In this line of approach, a variety of international rating systems have been established
considering those aspects in their evaluation process. The determination of those parameters
can help the designers and policy makers create more comfortable and environmental friendly
buildings, achieving even the vision of green buildings. However, the determination of those
aspects is not always easy, as a variety of psychological and individual parameters need to be
considered.

Regarding the environmental aspect, LEED assesses the overall performance of
buildings using environmental aspects such as energy efficiency, water consumption, indoor
air quality, pollution, transport and sustainable sites selection, awarding credits for each envi-
ronmental criterion according to the building’s performance [29]. Moreover, as it is clear from
those assessment criteria, a variety of environmental parameters have to be taken into consid-
eration during certification as they influence the occupants’ well-being and health [25, 26].
Also, the comfort parameter is evaluated. In detail, provide individual thermal comfort controls
for at least 50% of individual occupant spaces is a criteria to be implemented when a build-
ing is certified by LEED. Furthermore, provide group thermal comfort controls for all shared
multioccupant spaces, and for any individual occupant spaces without individual controls is
evaluated. Thermal comfort controls allow occupants, whether in individual spaces or shared
multioccupant spaces, to adjust at least one of the following in their local environment: air
temperature, radiant temperature, air speed, and humidity. Moreover, a lot of emphasis is given
to new materials used for new constructed buildings relating the issues of thermal comfort and
energy efficiency with buildings’ sustainable construction.

In case of BREEAM certification, fourteen parameters are considered for the eval-
uation of the environmental aspect. Those parameters are concentrating on the indoor envi-
ronment conditions (air quality, lighting, acoustics, ventilation and comfort), office space, and
windows’ view; parameters that establish preferable work environment conditions [18]. Addi-
tionally, in the framework of a firmed environmental evaluation, aspects as neatness and waste
management are of high priority with recycling, composting and reuse of material being the
most popular and green applied methodologies. Furthermore, an evaluation of thermal comfort
is indicated in the BREEAM rating system, with one point thermal modelling (or an analytical
measurement/evaluation of the thermal comfort levels of the building) carried out using the
predicted mean vote (PMV) and predicted percentage of dissatisfied (PPD) indices in accor-
dance with ISO 7730:2005 taking full account of seasonal variations. Local thermal comfort
criteria have been used to determine the level of thermal comfort in the building, in particular
internal winter and summer temperature ranges will be in line with the recommended comfort
criteria within ISO 7730:2005, with no areas falling within the levels defined as representing
local dissatisfaction.

Therefore, the determination of the relation between the environmental aspects and
occupants’ comfort constitute an important aspect of the analysis. In order to achieve an in
depth evaluation, both the indoor air quality and the occupants’ perception are to be considered.
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In this line of approach direct and indirect measured parameters are evaluated. Regarding the
direct measured parameters, thermophysical parameters along with direct evaluation the occu-
pants’ is preferred, whereas for the indirect parameters, a different approach is implemented. In
the second case, a questionnaire survey is conducted where the determination of environmental
criteria, as specified through BREEAM and LEED rating systems, evaluated by the occupants.

In detail, for the determination of the direct measured aspects, in situ measurements
were carried out for both winter and summer period. During the measurement period special
equipment was implemented and its placement along with its special characteristics were in
compliance with the specifications of ISO 7726 [30].

Regarding the qualitative analysis, a revealed preference survey was carried out, spec-
ifying the occupants’ perception of indoor environment conditions during winter and summer
period. The implementation of this methodological approach is exceptionally popular and wide-
ly applied for the specification of indirect conditions and goods [31]. The applied methodology
is divided in four different stages; (a) evaluation of criteria, (b) construction of questionnaires,
(c) data collection and (d) data analysis.

Main goal of the analysis is the deduction of the environmental parameters and their
influence on the occupants’ comfort sensation during winter and summer period, leading to a
sustainable indoor environment. In detail, the respondents were asked to evaluate the indoor
environmental conditions and to express through a Likert scale their opinion concerning seven
indirect measured environmental parameters that as outlined from green building certifications,
BREEAM and LEED, affect the occupants’ well-being. Those parameters are; (a) how pro-
ductive the occupants feel during their stay in their offices, (b) in which scale does the indoor
environment conditions contribute to their concentration level, (c) whether they are satisfied
with their work environment conditions (decoration), (d) neatness and (e) window view of their
offices, (f) the frequency of recycling and finally (g) their satisfaction concerning indoor air
quality.

An implementation of the methodological approach is conducted in the framework of
this study. Main outcome of this analysis is the determination of preliminary results indicating
possible correlations between the occupants’ comfort sensation and the environmental parame-
ters, enabling both designer and policy makers to upgrade the existing buildings stock.

Case study

The aforementioned methodological approach has already been applied in three build-
ings evaluating the occupants’ thermal comfort satisfaction and individual aspects. Main out-
come of this initial implementation was that very promising results were attained regarding the
relation between the occupants’ comfort perception and a variety of individual characteristics
[28]. However, an important component of the determination of the IPCMOB index is the en-
vironmental aspect.

Therefore, in addition to the implementation presented by Antoniadou and Papado-
poulos [28], an implementation regarding the correlation among direct and indirect environ-
mental aspects and the occupants’ comfort is conducted on the same buildings through this
study. The collected sample size is 106 questionnaires with an error of 4% and a confidential
interval of 95% based on the population.

The under evaluation buildings, fig. 1, are two floor office buildings located in in
Thessaloniki, Greece. The climate characteristics of the area based on the latest World maps
of Koppen-Geiger Climate classification in 2017 are similar to a variety of coastal cities in
the Mediterranean region [32-34]. All under evaluation building cases have openings in every
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(a)
Figure 1. The under evaluation commercial buildings; (a) building A, (b) building B and (c) building C

facade and central heating and cooling systems. Also, they are all constructed in compliance with
the thermal insulation regulation and their operation schedule is from 7.00 a. m. to 4.00 p. m.

More information for every case is also presented in tab. 1. Moreover, the case study
is implemented in office buildings.

Table 1. Characteristics of the under evaluation buildings [35]

Building o o o
characteristics Building A Building B Building C

Construction year 1998 1995 2002
Conditioned , 518 g44 4564
floor area [m?]
Openines Double glazed, aluminum Tinted, double glazed, Double glazed,

pening framed windows aluminum framed windows | aluminum framed windows
Insulation The roof, ground floor and bearing structure are

externally insulated and the brickwork in the cavity
Heatine svstem Central gas boiler Central gas boiler that
£5Y that feeds radiators Central geothermal system feeds radiators
Localb with heat pumps and
Cooling system oca’heat pumps fan-coils as terminal units | Central natural gas chiller
(room air-conditioners)
Ventilation Natural Natural Natural and mechanical
Shadowing Internal No. Internal and external
Results

In-situ monitoring

To achieve an integrated evaluation of indoor air conditions, the levels of CO,, as a
reliable representative index for indoor air quality are determined. The poor air quality in a
building can lead to a variety of health problems on occupants and to a productivity decrease
regarding their work [36]. Therefore, the monitoring of indoor CO, level is essential and can im-
prove the indoor environment conditions and well-being of occupants in a building. To conduct
this analysis, scientific laboratory equipment has been used. In detail, the CO, concentration
sensor of Testo 480, with range from 0-10,000 ppm and accuracy at +75 ppm has been imple-
mented [37].

The results of the measurement period are presented in fig. 2 for the under evaluation
buildings. Based on ASHRAE 62.1:2013, the indoor CO, levels are evaluated based on the out-
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door CO, conditions. Therefore, accepted levels of CO, concentration of indoor environment
are recommended from 1000-1200 ppm. However, extremely dangerous can be characterized
conditions where the levels of CO, exceed 5000 ppm [36].

Regarding Building A, an office area of four permanent occupants and an important
number of visiting citizens, has been monitored. The measurements during winter noted that
the CO, concentration levels varying from 400-1200ppm, reaching even 1600 ppm. Those con-
centration levels can be considered as pleasant, as only temporarily they reached and exceed
the maximum recommended by ASHRAE 62.1:2013. A similar CO, concentration pattern is
monitored in case of Building B, fig. 2. Those outcomes are a result of the lack of an established
central mechanical ventilation system and the differentiation of the population density in the
under evaluation area. Moreover, the lack of a centralized mechanical ventilation system can be
observed from the monitoring of the summer period. In this case, the CO, concentration levels
are decreased as occupants tend to ventilate their offices for a longer period and also due to
the reduction of occupants’ density as a result of the vacation leaves of the employees and the
reduced visits by the public.

Finally, the analysis of
Building C outlined that the CO,
° concentration levels, in both sea-
sons, vary from 400-1200 ppm.
In the area under evaluation, two

. - H people are working permanently

8 8 whilst on a typical day fifty vis-

i itors enter on average the office

i' é area. The slight differences mon-

itored between the two seasons

are mainly a result of the con-

Byldnas SydngA Bulngs Sydnes Buidwo  oydngc stant ventilation of the area by

Figure 2. The CO, concentration levels of under evaluation means of the mechanical ventila-
areas during winter and summer monitoring tion system.
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Questionnaire survey

In addition to the in situ monitoring, a mathematical analysis based on a questionnaire
survey is conducted. In detail, the implemented statistical analysis is divided in two main ap-
proaches, where a descriptive and an inferential statistical analysis are conducted. The latter is
focusing on the correlations among comfort sensation and environmental parameters. The oc-
cupants of each building evaluated the aforementioned environmental aspects in a Likert scale
from 1 (least satisfactory) to 7 (most satisfactory).

The final sample of the analysis, is composed of both male and female occupants with
43.4% of the respondents being men and 56.6% women. The age range of the respondents’
specified is typical for office buildings as it varies from 26-73 years old occupants with a mean
45 years and a standard deviation of 8.239.

The evaluation of the indoor environmental conditions for winter and summer period,
focused on the occupants’ perception concerning air temperature, indoor air quality, lighting,
noise and comfort conditions. In detail, in case of Building A, the indoor air quality is evaluated
and the analysis denoted that 57.9% and 66.6% of the respondents describe it as moderate for
winter and summer period, respectively. Moreover, the analysis stated that the majority of the
respondents feel productive in their offices (72.7%) and characterize their satisfaction regarding
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their concentration levels as moderate (63.6%). Furthermore, the indoor environment condi-
tions and especially the decoration of the area along with the neatness are evaluated. In both
cases, most of the respondents by 63.6% and 68.2% are moderate satisfied with the indoor dec-
oration and the neatness of the area, respectively. Also, the parameters of the window view and
the frequency of recycling are analyzed and it is outlined that the majority of the respondents
(59.1%) are not satisfied with their window view and they recycle every day (72.7%).

In case of Building B, the analysis documented that 76.2% and 57.1% of the respon-
dents are moderately satisfied with the indoor air quality during winter and summer, respective-
ly. Furthermore, high productivity and concentration levels are denoted from the majority by
85.7% and 66.6%. Other parameters under evaluation are the occupants’ satisfaction regarding
the indoor decoration, the neatness and the window view. Regarding the indoor decoration of
the area, the majority of the respondents are moderately satisfied, whereas 28.6% are neutral
and 42.8% moderately to satisfied, regarding the neatness, while 61.8% are highly satisfied
with their window view. Moreover, the frequency of recycling is investigated and as specified,
52.4% of the respondents recycle every day.

In addition, the analysis in Building C showed that majority of the respondents are
satisfied with the indoor air quality during winter and summer period, by 60.7% and 51%, re-
spectively. Moreover, concerning the rest under evaluation parameters of productivity and con-
centration levels along with the satisfaction regarding decoration, neatness and window view,
in this case, the majority of the occupants are satisfied. Another parameter that is considered
is the frequency of recycling where the analysis stated that 55.7% of the respondents recycle
every day.

Except for the descriptive analysis, an inferential analysis is carried out, determining
probable correlations among perceived comfort sensation during winter and summer period
and a variety of environmental parameters. The respondents were asked to determine their
perceived level of comfort for both winter and summer in a Likert scale from 1 (unsatisfactory)
to 7 (satisfactory) and their satisfaction regarding the under evaluation environmental aspects
in the same Likert scale. Due to the nature of the data, a nonparametric Wilcoxon analysis is
conducted and the results of the analysis are depicted in tab. 2.

Table 2. Correlations among occupants’ comfort perception and environmental parameters

Total comfort Total comfort
sensation during winter sensation during summer
Correlations
7 Asymp. 7 Asymp.
Sig. (2 tailed) Sig. (2 tailed)
Satisfaction of indoor air quality -3.485 0.000 -2.475 0.013
Felt of productivity in the office —2.063 0.039 —-3.082 0.002
Concentration in the office -2.272 0.023 -1.129 0.259
Point of view for work 3.923 0.00 2,990 0.003
environment (decoration)
Point of view for neatness —2.454 0.014 —1.255 0.209
Window view —2.872 0.004 —2.084 0.037
Frequency of recycle —4.859 0.000 —4.033 0.000
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As deduced from the analysis the correlations presented in tab. 2 are statistically im-
portant correlated with a confidence interval of 99% (sig. < 0.05) but for the occupants’ con-
certation and point of view about neatness in correlation to the total comfort sensation during
summer. In detail, the analysis depicts a positive correlation among the occupants’ perception
of comfort during winter and summer period and the environmental parameters. Moreover, for
both periods a positive correlation is documented between the occupants’ satisfaction for indoor
air quality and the comfort perception, figs. 3(a) and 3(b).

Total comfort Total comfort
sensation sensation
100,0%] during winter e m during
M Unsatisfactory summer
E; B Unsatisfactory
u 3
0s
80,0%] i 0,0% 5;
I Satistactory = 1
% [ Satistactory
£ 600% ¥ 600%
3 3
o o
o Q
40,0% 40,0%
20,0% 20,0%
0,0%~ 0,0%: - —
1-Unsatisfactory 7-Satisfactory 1-Unsatisfactory 5 7-Satisfacotry
2 4 [ 2
(a) Indoor air quality satisfaction during winter (b) Indoor air quality satisfaction during summer

Figure 3. Relation between the IAQ and the total comfort sensation during; (a) winter and (b) summer

Furthermore, the analysis depicted that, the higher evaluation the occupants’ credit
their productivity, the higher their comfort perception is for both under evaluation seasons,
figs. 4(a) and 4(b). Moreover, the more concentrated the occupants consider themselves in
their office area, the higher their comfort sensation during winter is. Another environmental
parameter under evaluation is the work environment conditions. In this case the majority of the
respondents as presented in figs. 5(a) and 5(b) are satisfied with their work environment con-
ditions (plants, pictures efc.) and as deduced from the analysis the more satisfied the occupants
are with the indoor decoration and office environment, the higher the level of comfort sensation
in both seasons is.

Moreover, the neatness of the area is evaluated and the analysis outlined that the more
satisfied the occupants are with the neatness of their office area, the higher their comfort sen-
sation during winter is. Regarding the occupants’ satisfaction concerning their window view,
the analysis outlined that the more satisfied the occupants are with the existing view, the higher
their comfort sensation during winter and summer period is. The final correlation under evalu-
ation is the one between the frequency of recycling and the comfort sensation. In this case, the
correlation among the variables is once more positive with increase of the comfort sensation
when the recycling frequency is high.

Therefore, it is safe to say that as expected and depicted from the literature research
those environmental parameters are strongly and positively correlated with the occupants’ com-
fort sensation, but for two parameters during summer.
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Figure 4. Relation between the occupants’ productivity and the total comfort sensation during;
(a) winter and (b) summer
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Figure 5. Relation between the point of view for the work environment and the total comfort sensation
during; (a) winter and (b) summer

Conclusions

Environmental sustainability is essential and constitutes a main goal of the existing leg-
islation, whilst it is expected to become even more important in forthcoming legislation consid-
ering the energy upgrade of the existing and new buildings. In this line of approach, an integrated
methodological approach have been established by Antoniadou and Papadopoulos [28] where the
existing indoor and outdoor conditions along with the environmental aspects are considered. In
this line of approach, preliminary results regarding the environmental aspect are demonstrated
in this study. In detail, an in depth determination and evaluation of the indoor environmental pa-
rameters is considered, along with the parameters that affect the occupants’ perception of comfort
sensation in office buildings, creating environmental friendly buildings with low energy footprint.
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Regarding the results of the study, an in-situ monitoring was carried out, along with
a revealed preference survey, leading to an in depth evaluation of the indoor environment con-
ditions by means of directly and indirectly measured environmental parameters. The in situ
monitoring denoted adequate indoor air quality conditions during summer and moderate during
winter, in cases where ventilation is occurred by natural means. This outcome was also ver-
ified through the mathematical analysis by the occupants during the qualitative evaluation.
Moreover, the results from the initial descriptive analysis are in compliance with the in situ
monitoring as in cases of Buildings A and B the occupants’ satisfaction regarding the environ-
mental aspects is moderate and only in certain indirect measured parameters high. Main cause
of this outcome is the lack of a centralized mechanical ventilation system. However, in case of
Building C and in every under evaluation environmental parameter, a high satisfaction by the
occupants’ is specified.

In addition, an inferential statistical analysis was conducted, determining the exis-
tence and nature of probable correlations among the occupants’ comfort sensation and a variety
of environmental parameters. The analysis depicted that all parameters under evaluation are
positively correlated with the occupants’ comfort sensation during winter. In case of summer
period, all under evaluation parameters but the concentration and neatness in the office area are
specified as statistically important correlated. The deduced correlations also during summer are
positive with the upgrade of any environmental parameter leading to an upgrade of the occu-
pants’ comfort sensation.

In conclusion, the analysis highlighted the need to determine and evaluate the existing
correlations between the perceived comfort sensation and the environmental parameters that
affect the occupants’ well-being and productivity. Linking those parameters to the decision
making stage of the design and construction process, is essential. Moreover, the adaptation and
creation of a healthy and comfortable work environment that fosters the occupants’ productiv-
ity and well-being is imperative, as they can help the policy makers accomplish the vision of
a green building, not only concerning energy consumption but also the occupants, as the pre-
liminary results of this study indicate. The study also showed, that further and more extensive
analysis is needed, in order to document the interrelations between personal and thermophysi-
cal parameters.
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