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a  b  s  t  r  a  c  t

In recent  years,  the  construction  industry  has  been  comprehensively  focusing  on  energy  performance
of  buildings  and  on achieving  higher  standards  of living  comfort.  One  of  the  most  sophisticated  ways
to  attain  both  at  the  same  time  is  (re)achieving  building’s  climate  balance  by  using  bioclimatic  design.
Therefore,  the  main  goal  of  this  paper  was to present  a bioclimatic  potential  prognosis  and  to  show  its
application  on  an  example  of the Alpine-Adriatic  region.  The  bioclimatic  potential  prognosis  was  made  for
21 characteristic  locations.  For  this  purpose,  bioclimatic  chart  plots  were  made  using  elementary  weather
data  and  additionally,  the  actually  received  solar  irradiance  was  precisely  considered  at  every  location.
The latter  was shown  to  have  a large  influence  on  the analysis  results.  Furthermore,  an  evaluation  of
performed  bioclimatic  potential  prognosis  was  made  with  simulations  of  a  generic  building  model  using
Energy  Plus.  The  generic  building  model  was  tested  in  five  selected  locations  and  the heating  and  cooling
demand  results  were  compared  with  the  bioclimatic  potential  analysis.  The  results  showed  that  the
application  of  the  presented  method  can  indicate  which  passive  solutions  should  be  applied  in building
design  at a specific  location  in  order  to  facilitate  smaller  energy  usage  and  consequential  higher  indoor
comfort.  In  addition,  the  presented  approach  can  be  used  in  order  to incorporate  the  latest  or  predicted
climate  data  into  bioclimatic  potential  analysis.  The  latter  has  a  significant  influence  on the  design  of
buildings  of  the  future.

©  2017  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Bioclimatic building design is an engineering practice most
commonly defined as using climatic “resources” of a particular
location with the help of building envelope elements to ensure
living comfort, while energy sources are efficiently utilized [1,2].
In general, it is considered that traditional vernacular architec-
ture is “perfectly” adapted to climatic characteristics of a given
location and/or region and, therefore, represents to the design-
ers a source of bioclimatic design strategies [3,4]. For instance,
traditional architecture of cold and temperate climates is largely
determined by the application of bioclimatic design elements that
increase indoor thermal comfort when outdoor air temperatures
are low. The reflected bioclimatic approaches applied to vernacu-
lar architecture are, thus, easily recognised (e.g. compact buildings,
high thermal mass, equatorially-oriented windows, box windows,
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etc.). Nonetheless, uncritical replication of design strategies from
the vernacular architecture in contemporary buildings might not
unequivocally result in better performing buildings, because solu-
tions of the past might not be the best for the present and the
future. According to Szokolay [5], the designer’s task is to objec-
tively and critically examine the given environmental conditions
(site, climate, etc.) to establish the satisfactory conditions and to
try to control these variables by passive means (building itself) as
far as achievable. Therefore, it is recommended to start the biocli-
matic design with a regional “climate resources” analysis, which
uses basic climatic data to determine best suited passive solutions.
One way to initially predict the suitable and/or possible bioclimatic
measures is to analyse climate with a bioclimatic chart presented
and developed by Olgyay [6], or in a different form by Givoni [7].
Bioclimatic charts in their basic form adequately serve to investi-
gate whether at a specific location with a specific climate, human
thermal comfort can be achieved or not. Since its introduction the
relatively well-known methodology for creating the bioclimatic
charts has been continuously developed and its variations have
been presented by several authors [7–13]. Nevertheless, its primary
purpose, to determine potential bioclimatic strategies using only
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environmental temperature and relative humidity, has remained
roughly the same as shown by Olgyay [6].

Although the bioclimatic chart was introduced decades ago
and it was a well-known tool, it was, unexpectedly, rarely used.
However, the use of bioclimatic analysis approach in general has
significantly increased in the last years. Several studies have been
made, where a bioclimatic analysis was used to assess thermal
comfort [3,4,9,14–22] and/or passive cooling and heating poten-
tial of a location [3,4,16,23–26]. In most of the cases psychrometric
charts or Givoni’s charts were used, while Olgyay’s were seldom
utilized. Nonetheless, the obtained results are the same and inde-
pendent of the type of chart used. Hence, similar conclusions can
be drawn. Hyde et al. [14] performed a study with a focus on bio-
climatic analysis of a building (i.e. La Casa de Luis Barragán) built in
1948 in Mexico City. The authors resolve that the considered build-
ing is a potentially strong passive/low-energy building for its time
in history. Although the study conclusions reference the impor-
tance of timeless adaption of building to user requirements, it does
not address it’s wider applicable value in the form of recommen-
dations to others. In a similar way, Lomas et al. [17] performed
a case study analysis of thermal comfort conditions in an office
building in Southern Europe. They used Givoni’s bioclimatic charts
to produce climatic boundaries for passive cooling system design
on the basis of climate data. Since the original bioclimatic chart is
generally intended for residential buildings, the bioclimatic chart
was adapted to analysed building type. It was concluded that stud-
ies of wider climatic conditions range are recommended. Another
example of a specific building analysis with bioclimatic charts was
conducted by Pozas and González [22]. They emphasized the link
between the vernacular architecture and energy efficiency due to
its adaptation to climate and location. Moreover, preserving of bio-
climatic strategies that benefit summer conditions in the occasion
of building renovations was emphasized (e.g. thermal mass). In
this perspective, Hudobivnik et al. [27] showed that in particular
climate ignoring the building’s construction type can result in sig-
nificantly different building thermal behaviour. In a similar way,
Košir et al. [28] presented the importance of building envelope con-
figuration (e.g. window to wall ratio), which is highly dependent
on analysed location and corresponding received solar irradiation.
Furthermore, design approaches with different cooling and shad-
ing strategies, heat storage concepts and passive solar systems were
introduced by Pohl [29] and Goulding et al. [30]. To summarise, a
number of different bioclimatic strategies can be applied to build-
ing in order to achieve comfortable conditions. In addition, such
applications can simultaneously result in lower energy consump-
tion.

However, all the above stated analyses either dealt with a spe-
cific building case at a micro location or some general design
guidance was proposed. Differently, other studies approached the
problem in a top bottom manner and made bioclimatic analysis of
wider locations or regions. Such classification supports basic design
decisions and is very useful to assure responsive building design
and the corresponding adequate thermal comfort and energy con-
servation. For example, Givoni’s charts were used by Ajibola [31]
for regional climate analysis in Nigeria. He delivered emblematic
conclusions about the recommended bioclimatic approaches; how-
ever profound, no interpretation of the analysed data was made.
In contrast, Katafygiotou and Serghides [15] used Olgyay’s biocli-
matic charts to analyse climate zones in Cyprus. In the conducted
study the influence of solar radiation was taken into consideration
as well, by comparing the required and the available solar energy.
The results showed that a particular bioclimatic analysis for each
climatic region is necessary and that the influence of solar radia-
tion on the conclusions of bioclimatic analysis can be substantial. A
comparable study of bioclimatic features implemented in vernacu-
lar architecture of the island of Sardinia was performed by Desogus

et al. [3]. They performed a bioclimatic analysis following the proce-
dure outlined by Szokolay using psychrometric charts, but omitting
the influence of the solar radiation. The authors conclude that the
results of the study can be used to identify which passive solutions
are best suited for a specific region and can thus be implemented
in energy efficient building design. It has to be stressed that the
exclusion of the influence of solar radiation represents a drawback
of the study, as bioclimatic strategies designed for solar control (e.g.
shading, passive solar heating, etc.) might therefore be underrepre-
sented in the results. Several other authors developed bioclimatic
zones [16,18,25] or even bioclimatic atlases [21] for their coun-
tries as a result of bioclimatic location analyses. Lam et al. [16]
additionally investigated the passive solar design potential in 18
cities in China, which ranged from 7% to 50% of the colder half of
the year. However, when making the bioclimatic charts, only basic
characteristics (e.g. air temperature, relative humidity, air veloc-
ity, etc.) were considered by Lam et al. [16], Morillón-Gálvez et al.
[21] for Mexico and Singh et al. [25] for north-east India, while
the actual solar irradiation was not taken into account. Nonethe-
less, solar irradiation was  considered in the study conducted by
Mahmoud [18] for the bioclimatic design of outdoor built environ-
ments in Egypt. Furthermore, on the basis of bioclimatic charts,
Bodach et al. [32] showed that in Nepal vernacular architecture is
very well adapted to the local climate conditions, while its patterns
should be adapted to modern comfort requirements. Nevertheless,
the authors do not provide any specific solutions for the application
of traditional bioclimatic strategies in modern buildings, but rather
conclude that further research in this field is needed. Although bio-
climatic design is regarded as common knowledge, the still existing
lack of information about the relation between climate and popular
architecture was  emphasized by Cañas and Martín [33].

To summarise, systematic and analytically conducted bio-
climatic analyses are relatively rare, although the number of
publications is on the rise. While psychrometric charts are more
commonly used than bioclimatic charts, this is of minor impor-
tance as both charts basically produce similar results. What is more
interesting is that systematically conducted investigations of clima-
tological regions as regards their bioclimatic potential are relatively
scarce. It is even more surprising that the influence of solar radia-
tion is rarely factored into the conducted analysis. This is of great
importance as solar radiation is the single most important clima-
tological parameter influencing the design of buildings, especially
so in temperate and hot climates. Additionally, the investigation
of direct association between energy performance and bioclimatic
conditions of a region has almost never been investigated in the
literature.

With the above information taken into consideration, the main
goal of the presented study was to perform a bioclimatic poten-
tial prognosis in a selected region and show its implications for
the design of new energy efficient buildings. In order to perform
such evaluation, elementary weather data were obtained to plot
Olgyay’s bioclimatic charts [6] of the selected locations. Because
the focus of the paper was not on the evaluation of the thermal
comfort but on the determination of, e.g., the passive solar design
potential of different locations, the Olgyay’s method is by far the
simplest and the fastest, due to its use of only dry-bulb air tem-
perature and relative air humidity [34]. On the other hand, if the
focus of the study was  exclusively on the thermal comfort analy-
ses, different approaches to the evaluation of indoor environment
would be encouraged [35,36]. This was  shown by Jamaludin et al.
[37] with the analysis of two buildings in Malaysia, where biocli-
matic design strategies had a significant beneficial impact on the
satisfaction level of the residents. In the next step the generated
bioclimatic charts were modified in order to account for the influ-
ence of solar radiation. This is a crucial step that has a substantial
impact on the results of the performed bioclimatic analysis and
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