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ABSTRACT: Bioclimatic Design aims to design buildings, based on the local microclimate of the area, by
utilizing the energy of the sun and other sources of the environment, as well as the various natural phenomena
of the climate. The result is a reduction in energy consumption in the building sector while at the same time
providing thermal comfort to building users. In this study, bioclimatic analysis of regions of Greece with
different climatic characteristics is performed. According to KENAK 2017, the Prefectures of Greece are
classified in four different Climatic Zones A, B, C and D. The bioclimatic analysis is implemented by using the
bioclimatic charts of the buildings that were first used by the brothers Victor & Aladar Olgyay. With the help of
the required climatic data from the National Meteorological Service, the quantitative and qualitative
bioclimatic charts of Victor & Aladar Olgyay are drawn for two Prefectures of each climate zone. From the
analysis of the quantitative bioclimatic charts, the average values of the passive needs for solar radiation,
shading, wind and humidity for each month and for each climate zone are calculated. The analysis of the
qualitative bioclimatic charts, defines passive heating and cooling strategies. The charts of solar, radiant, wind
and humidity needs per month are then plotted for each climate zone from which the regression lines are
derived and the second degree polynomials equations. These equations serve to quickly calculate the passive
thermal and cooling needs for each month and for each climate zone. The results can be used in areas with
similar climatic conditions. This study, therefore, can be a guide for building designers. Depending on the
climatic zone of each building, they will be aware of the passive heating and cooling strategies they have to
implement in order to ensure thermal comfort conditions for the occupants of the buildings.
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I. INTRODUCTION

Buildings of households and services, consume large amounts of energy, accounting for about
40% of the total energy that is consumed in Europe, with increasing trends, resulting in large amounts of
carbon dioxide emissions [1].

Gorz (1980) had aptly predicted that, the end of our world is coming and if we continue as before,
the oceans and the rivers will dry up, the ground will become barren, the air will become unbreathable in
the cities, and life will be a privilege for the selected samples of a new race of humans, adapted to the
chemical conditions and genetic planning to survive in a new ecological reality, engraved and supported by
biologic engineering [2].

Brundtland (1987) on behalf of the World Commission on Environment and Development in a
report presented at a meeting in Rio in 1992 introduced the concept of Sustainable Development, which
aims to meet the needs of today's generations in a way that does not compromise the ability of generations
of the future to meet their own needs [3]. Expanding the above definition in the building sector, the
concept of a sustainable or otherwise a building is emerging to cover the needs of today's users, without
compromising the future generations to satisfy their own needs [4].

Euthymiopoulos (2017), also refers to the danger of the butterflies disappearing, as during their
migratory journey in warmer climates, the change of the climate and the cold and strong rains kill them, at
the end of his book writes that, if the butterflies are in danger, the human species may be in danger as well.
The society of people, however, is the only one with knowledge and sensitivity to prevent the worst
scenario. The butterflies, unfortunately, cannot [5].
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So people need to take drastic measures to protect the environment and therefore all living
organisms. In the building sector, the over-consumption of energy and the unfavorable environmental
impacts have occupied and continue to occupy the building professionals, on a global scale [6]. Thus, in
the architectural design of buildings, they follow the principles of bioclimatic architecture. The main
objective is to provide thermal comfort inside the buildings and to minimize the additional energy required
for heating and cooling [7, 8]. This can be achieved by taking advantage of the favorable climatic
conditions prevailing in each area and adapting the architectural design to the prevailing environmental
conditions [9].

The term Bioclimatic design of buildings, means the architectural and urban design of buildings
and residential complexes which aims at adapting them to the local climate conditions and the natural
environment and aims at utilizing the desired environmental parameters in order to minimize their energy
needs throughout the year and to reduce the consumption of conventional energy [10].

Il. ABRIEF REVIEW OF BIOCLIMATIC CHART ANALYSIS

Since antiquity, people have tried to adapt their homes to climatic conditions, looking for the
appropriate building shell to provide them with comfort. The Greek philosopher Socrates, in 400 BC,
referred to the ways in which buildings in Athens were constructed, both in shape and in the form they
were supposed to have, in order to ensure thermal comfort conditions by exploiting the external climatic
conditions, the sun and the wind [11]. This is the "Socratic House" [12]. Then, Vitruvius, in the 1st century
BC in his book VI, gave guidelines for designing buildings in areas with different climatic conditions and
ensuring health and comfort for people [13].

Later, in the industrial revolution (1760-1860), emphasis was placed on the “form-function”
concept of the buildings, while the guarantee of thermal comfort was achieved by the massive use of
auxiliary heating and cooling appliances consuming conventional forms of energy and resulting in energy
crisis [14].

Heberden (1826), was concerned with the feeling of thermal comfort and said it was not only
dependent on air temperature but also on other factors such as humidity and air movement, radiant heat
load and occupants clothing [15]. Haldane (1905), later in England, made the first serious study of thermal
comfort and referred mainly to the effect of high temperatures [16]. Houghten and Yagloglou (1923), at the
ASHVE research laboratories at Pittsburg (American Society of Heating and Ventilating Engineers), set up
the comfort zone and drew the comfort lines on the ASHRAE chart [17, 18].

Afterword, the brothers Victor and Aladar Olgyay, from the beginning of the 1950s founded
bioclimatic architecture as a science. They created bioclimatic charts and linked the zone of thermal
comfort of people with the meteorological data of the region, such as temperature, humidity and air
velocity, solar radiation, mean radiant heat and evaporation cooling [19, 20]. They created the quantitative
and the qualitative bioclimatic chart for the climate conditions of the United States and people with light
clothing and limited activity at an altitude of less than 305m above sea level and 40° latitude [21].

In the 1980s, people became aware of the environmental disaster, so emphasis was placed on the concept
of sustainability and the design of bioclimatic buildings [22].

I11. THE CONCEPT OF THERMAL COMFORT

The concept of thermal comfort is used to determine the conditions that must prevail in a particular thermal
environment so that the person does not feel too hot or too cold [23].
The definition of thermal comfort can be approached in three different ways [24]:
1. the psychological definition,
2. the thermo physiological definition and
3. the energetic definition

The international standard 1SO7730 refers to the definition of the psychological approach to
thermal comfort "thermal comfort is defined as a condition of the mind which expresses satisfaction with
the thermal environment", which is the sense of satisfaction that people feel during their station in a
particular thermal environment [25]. In the American standard ASHRAE 55 (American Society of
Heating, Refrigeration and Air Conditioning Engineers), thermal comfort is defined as "that condition of
mind that expresses satisfaction with the thermal environment and is assessed by subjective evaluation”.
So, in the definition of the sense of satisfaction of the mind in the thermal environment, the concept of
subjectivity is added. This is because people are different from each other, both physiologically and
psychologically, and the environmental conditions required to ensure thermal comfort are not the same for
everyone [26].
Also, according to ASHRAE 55, the factors that affect the feeling of thermal comfort of living organisms
are as follows [26]:
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the metabolic rate,
the clothing,

the air temperature,
the radiation,

the speed of the air,
the humidity
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The thermo physiological approach to thermal comfort suggests that a person's thermal perception
is due to the sensitivity of the nerve ends to temperature or temperature change. The nerves are on the skin
and reach to the hypothalamus of the brain [27].

Finally, according to the latter type of approach, thermal comfort is related to providing a thermal
balance between inputs and outputs of heat to the human body so that body temperature and sweat levels
are within the tolerable limits, depending on the metabolic activity [28]. Under normal conditions, the
feeling of thermal comfort is the result of proper body function, i.e. a body temperature of 37°C and a skin
temperature of 31-34°C [29].

According to the European Standard EN15251, "An energy declaration without a declaration
related to the indoor environment makes no sense". Therefore, the indoor environment of buildings
(temperature, ventilation and lighting), which is directly related to the health, productivity and comfort of
the occupants, determines the measures to be taken in the design of energy-efficient buildings. There is
therefore a need to identify all the criteria that determine the good quality of the indoor environment and
the thermal comfort conditions when designing buildings with reduced energy consumption [30]. Thus,
the thermal comfort requirements inside a building play a key role in designing it [23].

Therefore, securing inside buildings, thermal comfort conditions, has a beneficial effect on the
health and well-being of people. That is why it should not be considered as a luxury and privilege of a
limited population, but a right of all [31].

IV. THE CLIMATE OF GREECE

Climate is defined as the average of weather conditions, i.e. rainfall, temperature, humidity,
sunshine, wind speed, and other weather measurements in an area, over a specific period of time, usually
30 years [32]. The climate of a place depends on geographic location, height above sea level, topography
and flora [33].

Greece is located in the southern part of Europe, between the 34th and 42nd parallel of the
northern hemisphere, drenched from the Mediterranean Sea. It is characterized by a particularly intense
topographic relief, with great altitude differences as there are several mountainous volumes. Also, a large
part of the country is bordered by the sea. As a result, the climate is different from place to place [34].

According to the Kdppen-Geiger classification system, Greece, for the most part of its surface, has
"Warm Mediterranean Climate" [35].

Consequently, according to the National Meteorological Service (HNM), in the largest part of
Greek land, the climate can be classified as Mediterranean, i.e. mild winters with rains and snow at the
higher altitudes and summers relatively hot and with rare rainfall. Two seasons are distinguished during the
year [34]:

* Winter, which lasts from mid-October to the end of March and is characterized by cold and
rainy weather, and

» Summer, which lasts from April to mid-October and is characterized by heat and drought.

Greece is also a country that sun is shining almost throughout the year [34]. In the summers, on
warm and dry days, there are cool winds called "meltemia”. In the mountainous parts of the country the
climate is cold. The winters in the lowlands do not experience particularly low temperatures and snow,
while in the mountains usually snow [36].

Given that the climatic conditions, play a key role in minimizing conventional energy used for
heating, cooling, air conditioning, lighting and hot water production in buildings, and taking into account
the different climatic conditions prevailing in the various regions of Greece, at KENAK 2017, which is the
current legislative framework for the design of energy-efficient buildings, Greece is subdivided, in the four
climatic zones of Table 1 The schematic representation of the climatic zones in the Greek map is given in
Fig. 1 [37].
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Climatic Zones Prefectures

Heraklion, Chania, Rethymnon, Lasithi, Cyclades, Dodecanese, Samos, Messinia,
Zone A Laconia, Argolida, Zakynthos, Kefallinia and Ithaca, Kithira and the Saronic
Islands (Attica), Arcadia.

Attica (excluding Kithira and Saronic islands), Korinthia, lleia, Achaia,
Zone B Aitoloakarnania, Fthiotida, Fokida, Viotia, Evia, Magnisia, Lesvos, Chios, Corfu,
Lefkada, Thesprotia, Preveza, Arta.

Arcadia (mountainous), Evritania, loannina, Larissa, Karditsa, Trikala, Pieria,
Zone C Imathia, Pella, Thessaloniki, Kilkis, Khalkidhiki, Serres (except BA), Kavalla,
Xanthi, Rodopi, Evros.

Zone D Grevena, Kozani, Kastoria, Florina, Serres (NE section), Drama.
Table 1. Integration of the Prefectures of Greece into the climatic zones.
[Source: Energy Performance Regulation of Buildings (KENAK 2017) [37]].
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Fig. 1. Map of Greece with climate zones
[Source: Energy Performance Regulation of Buildings (KENAK 2017) [37]]

V. THE OLGYAY BIOCLIMATIC CHARTS

In the present study, the bioclimatic analysis is carried out by applying the method of the Olgyay
brothers.

Bioclimatic charts or otherwise bioclimatic diagrams aim at correlating the local climatic
conditions prevailing in each area with the feeling of thermal comfort of the occupants. They are presented
in a psychometric diagram, where temperature and humidity are combined at every moment with human
comfort. Thus, building design guidelines are defined to maximize comfort inside without the use of
mechanical means. In all these charts, the ‘comfort zone’ is defined which is the range of climatic
conditions in which the majority of people feel thermal comfort [38].

The bioclimatic charts of the Olgyay brothers were redesigned and adapted to the climatic
conditions of Cyprus by Katafygiotou and Serghides (2014), so they apply to regions of the temperate
north zone, where there is little difference between indoor and outdoor climatic conditions, for light
clothing and sedative activity [19, 20], [39]. Similar climatic conditions prevail in Greece.

Other assumptions made for the design of bioclimatic maps are as follows:

« Heat transfer to the body of people is affected by clothing. For this reason, the thermal resistance of
clothes was determined in clo units. The thermal resistance of a clo (0,155m2K/W) corresponds to suit
clothing [29]. In the bioclimatic analysis, thermal resistance of clothes was considered 0.4 clo for
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summer clothing and 0.8 clo for winter clothing [26, 40]
e The values of solar radiation in the bioclimatic diagram were determined for the mean altitude of the
sun 52°. The data came from the Cyprus Meteorological Service [20].

VI. CLIMATIC PARAMETERS FOR THE CLIMATIC ZONES A, B, CAND D
According to Table 1 the climatic parameters of the following regions per climatic zone are sought:

Zone A: Messinia and Heraklion,
Zone B: lleia and Aitoloakarnania,
Zone C: Evros and Larissa,
Zone D: Drama and Kastoria.

These prefectures represent all the others of each zone, as they are characterized by similar
climatic conditions [37, 41]. The measurements of the Hellenic National Meteorological Service (HNMC)
were used [42]. The averages of the mean maximum and minimum monthly temperatures in °C, as well as
the mean maximum and minimum monthly relative humidity values in %, were calculated (Table 2).

e Climatic Zone A

For the prefecture of Messinia, the measurements of the meteorological station in Kalamata with
latitude 37° 04', longitude 22° 00', and altitude 11.1m were used [41].

For the prefecture of Heraklion, the measurements of the meteorological station in the area of
Timbaki with latitude 35° 00', longitude 24° 46', and altitude of 6.7m and the measurements of the
meteorological station in the area of Heraklion with latitude 35° 20", longitude 25° 11', and altitude 39.3m
were used [41].

e Climatic Zone B

For the prefecture of lleia, the measurements of the meteorological station in Andravida with
latitude 37° 55, longitude 21° 17, and altitude 15.1m were used [41].

For the prefecture of Aitoloakarnania the measurements of the meteorological station in the area
of Agrinio with latitude 38° 37", longitude 21° 23', and altitude 25.0m were used [41].

e Climate Zone C

For the Prefecture of Evros, the measurements of the meteorological station in Alexandroupolis
with latitude 40° 51', longitude 25° 56', and altitude 3.5m were used.
For the prefecture of Larissa, the measurements of the meteorological station in the city of Larissa with
latitude 39° 39', longitude 22° 27', and altitude 73.6m [41].

e Climate Zone D.

For the Prefecture of Drama, the measurements of the meteorological station in Drama with
latitude 41° 09', longitude 24° 09', and altitude 104.0m and for the meteorological station in Doxato, with
latitude 41° 09', longitude 24° 23', and altitude 100.0m [41].

For the prefecture of Kastoria, the measurements of the meteorological station in Kastoria with latitude 40°
27', longitude 21° 17' and altitude 660.9 m [41].

VIlI. BIOCLIMATIC CHART ANALYSIS IN A, B, C AND D CLIMATIC ZONES

The values of the monthly average temperature in °C and the corresponding values of the mean
monthly relative humidity in % (Table 2), are identified in a x/y-coordinate system with relative humidity
(RH) in % as x-axis and the dry bulb temperature (T ) at °C as y-axis [38, 43].
These are the quantitative and the qualitative bioclimatic charts where the following points are highlighted:
e Point 1: Maximum monthly relative humidity with minimum monthly air temperature.
e Point 2: Minimum monthly relative humidity with maximum monthly air temperature.
The line formed by the union of the two-points is the mapping of the external conditions for each month.
Each month, is imprinted in a different color (Table 3).
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Month ‘ Jan ‘ Feb ‘ Mar ‘ Apr | May ‘ Jun ‘ Jul | Aug | Sep | Oct | Nov | Dec
Climatic Zone A

Prefecture of Messinia

o | max RH(%) X1 919 919 922 923 911 887 864 848 883 910 915 0915
E min T(°C) Yl 54 62 70 91 125 166 190 196 17,2 133 100 6.4
¢N_- min RH(%) X2 543 51,1 483 434 401 375 344 333 399 469 512 533
E max T(°C) Y2 151 16,0 178 21,3 252 295 323 329 293 246 208 16,8
Prefecture of Heraklion

o | max RH(%) X1 892 886 889 871 860 831 783 751 826 848 868 874
E min T(°C) Yl 91 93 97 12,1 153 19,2 22,1 222 200 176 145 111
¢N_- min RH(%) X2 533 509 504 454 454 465 429 422 450 526 559 56,7
E max T(°C) Y2 159 16,7 179 21,1 244 280 31,0 31,3 28,7 244 213 17,2
Climatic Zone B

Prefecture of lleia

o | max RH(%) X1 90,0 893 906 904 890 894 871 859 880 90,1 905 90,1
'Dg_ min T(°C) Y1l 6,0 6,5 7,4 10,1 135 171 196 198 17,8 13,7 10,2 6,9
¢N_- min RH(%) X2 55,7 532 51,1 466 416 39,7 395 352 412 490 53,0 547
E max T(°C) Y2 143 151 170 206 246 286 31,3 323 286 238 199 158
Prefecture of lleia

o | max RH(%) X1 921 90,7 921 931 880 798 767 762 860 918 880 959
'D'g_ min T(°C) Y1l 3,0 4,6 5,9 8,2 120 16,4 19,1 18,7 159 119 7,7 4,7
~ min RH(%) X2 550 602 538 579 418 345 298 278 338 502 526 624
';g_ max T(°C) Y2 13,7 144 18,7 212 256 323 358 359 319 240 203 150
Climatic Zone C

Prefecture of Evros

o | max RH(%) X1 91,7 900 90,1 889 883 853 766 768 839 893 903 898
';g_ min T(°C) YT 15 36 52 82 128 173 201 205 16,3 109 75 35
c: min RH(%) X2 64,0 59,7 550 484 454 425 344 32,7 399 524 602 617
';g_ max T(°C) Y2 89 11,2 13,7 186 241 284 323 329 276 209 16,2 114
Prefecture of Larissa

< | max RH(%) X1 948 949 949 0936 911 835 748 76,7 876 927 96,7 96,2
E min T(°C) Yl 09 29 44 76 122 169 196 193 158 109 63 19
S\J min RH(%) X2 58,7 53,1 475 391 313 265 24,7 264 340 44,7 556 579
‘Dg_ max T(°C) Y2 103 131 16,1 212 26,8 313 344 340 292 223 172 118
Climatic Zone D

Prefecture of Drama

< | max RH(%) X1 96,6 96,1 956 952 944 949 90,8 90,3 94,7 96,1 969 96,9
E min T(°C) Yr 18 29 55 90 140 182 204 203 160 113 6.8 25
~ min RH(%) X2 323 279 246 226 248 241 234 244 258 290 329 331
';g_ max T(°C) Y2 93 11,8 155 20,1 257 30,0 325 32,7 277 214 156 99
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Prefecture of Kastoria

= max RH(%) X1 998 993 993 983 981 954 949 946 982 992 99,7 99,6
E min T(°C) Y1 -20 -10 17 51 9,2 128 151 148 112 7.3 3,0 -0,9
N min RH(%) X2 353 238 158 184 218 203 16,2 172 221 259 311 337
'g max T(°C) Y2 6,7 9,2 134 178 22,7 27,7 308 308 251 192 136 8,1

a
Table 2. Mean maximum and minimum monthly temperature in °C and mean maximum and
minimum relative humidity in % for A, B, C, D climate zones of Greece.

Jan Feb

Mal

r Apr May Jun Jul Aug Sep Oct

Nov Dec

Table 3. Color display of months in qualitative and quantitative Bioclimatic Charts [46].
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Fig. 2. Quantitative Bioclimatic chart of Messinia. Adapted to temperate climatic conditions,

redrawn by the authors [19, 20].
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Fig. 3. Quantitative Bioclimatic chart of Heraklion. Adapted to temperate climatic conditions,

redrawn by the authors [19, 20].
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Fig. 4. Qualitative Bioclimatic chart of Messinia. Adapted to temperate climatic conditions,

redrawn by the authors [19, 20].
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Fig. 5. Qualitative Bioclimatic chart of Heraklion. Adapted to temperate climatic conditions,

redrawn by the authors [19, 20].

80%

90%

100%

Radiation needs (W/m?) Shading needs (%) Wind needs (m/sec) Moisture needs (gr/Kgr)
Month M.O

1) (2) 1) ) M.O. 1) 2 M.O. 1) 2) M.O.
Jan 560 440 500 0 0 0 0 0 0 0 0 0
Feb 550 430 490 0 0 0 0 0 0 0 0 0
Mar 520 420 470 0 0 0 0 0 0 0 0 0
Apr 440 320 380 0 0 0 0 0 0 0 0 0
May 300 180 240 37 43 40 0 0 0 0 0 0
Jun 140 40 90 70 89 79,5 0,5 04 0,45 1,0 0,5 0,75
Jul 50 0 25 90 100 95 1,0 0,85 0,93 3,0 25 2,75
Aug 30 0 15 95 100 97,5 12 0,85 1,03 32 25 2,85
Sept 110 10 60 69 97 83 0,5 0,5 0,50 1,0 1,0 1,00
Oct 260 100 180 35 58 46,5 0 0 0 0 0 0
Nov 410 220 315 0 0 0 0 0 0 0 0 0
Dec 550 360 455 0 0 0 0 0 0 0 0 0

Table 4. Recording of maximum passive needs, derived from the analysis of quantitative
bioclimatic charts of Messinia and Heraklion. Exporting medium term for Climate Zone A.
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Fig. 6. Quantitative Bioclimatic chart of lleia. Adapted to temperate climatic conditions, redrawn
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Fig. 7. Quantitative Bioclimatic chart of Aitoloakarnania. Adapted to temperate climatic

conditions, redrawn by the authors [19, 20].
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conditions, redrawn by the authors [19, 20].
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Month Radiation needs (W/m?) | Shading needs (%6) Wind needs (m/sec) ?S?/ilit;:)e needs
o ) @) Mo. | @ | @ MO. | () @) Mo. | |@ |[MO
Jan 560 560 560 0 0 0 0 0 0 0 0 0
Feb 550 560 555 0 0 0 0 0 0 0 0 0
Mar 500 560 530 0 0 0 0 0 0 0 0 0
Apr 400 480 440 0 0 0 0 0 0 0 0 0
May 260 320 290 36 37 36,5 0 0 0 0 0 0
Jun 120 0 60 72 100 86 0,4 1,0 0,7 0,5 3,0 1,75
Jul 30 40 35 95 93 94 0,75 2,0 1,38 2,0 40 3
Aug 20 70 45 96 89 92,5 1,0 2,0 15 3,0 4,0 35
Sept 100 160 130 76 72 74 0,4 0,75 0,58 0,5 2,0 1,25
Oct 250 320 285 31 28 29,5 0 0 0 0 0 0
Nov 400 500 450 0 0 0 0 0 0 0 0 0
Dec 530 560 545 0 0 0 0 0 0 0 0 0

Table 5. Recording of maximum passive needs, derived from the analysis of quantitative
bioclimatic charts of lleia and Aitoloakarnania. Exporting medium term for Climate Zone B.
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Fig. 13. Qualitative Bioclimatic chart of Larissa. Adapted to temperate climatic conditions,
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Mont Radiation needs (W/m?) Shading needs (%) Wind needs (m/sec) Moisture needs (gr/Kgr)
h 1) 2 M.O. | (1) 2) M.O. 1) 2) M.O. 1) ) M.O.
Jan 560 560 560 0 0 0 0 0 0 0 0 0
Feb 560 560 560 0 0 0 0 0 0 0 0 0
Mar 560 560 560 0 0 0 0 0 0 0 0 0
Apr 480 500 490 0 0 0 0 0 0 0 0 0
May 300 320 310 31 41 36 0 0 0 0 0 0
Jun 130 120 125 72 76 74 04 0,5 0,45 0,5 15 1,0
Jul 0 40 20 100 94 97 0,9 1,0 0,95 25 3,0 2,75
Aug 0 60 30 100 92 96 1,0 1,2 1,1 30 3,2 31
Sept 150 170 160 63 65 64 0 0,45 0,23 0 0,7 0,35
Oct 380 360 370 0 14 7 0 0 0 0 0 0
Nov 500 560 530 0 0 0 0 0 0 0 0 0
Dec 560 560 560 0 0 0 0 0 0 0 0 0

Table 6. Recording of maximum passive needs, derived from the analysis of quantitative
bioclimatic charts of Evros and Larissa. Exporting medium term for Climate Zone C.
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Radiation needs (W/m?) Shading needs (%) Wind needs (m/sec) Moisture needs (gr/Kgr)

Month 1) 2 M.O. | (1) ) M.O. ()] 2) M.O. ()] ) M.O.
Jan 560 560 560 0 0 0 0 0 0 0 0 0
Feb 560 560 560 0 0 0 0 0 0 0 0 0
Mar 560 560 560 0 0 0 0 0 0 0 0 0
Apr 440 500 470 0 0 0 0 0 0 0 0 0
May 240 440 340 43 11 27 0 0 0 0 0 0
Jun 80 300 190 82 46 64 0,5 0 0,25 1,0 0 0,5
Jul 0 200 100 100 65 82,5 0,75 0,5 0,63 2,0 1,0 15
Aug 0 200 100 100 64 82 0,75 0,5 0,63 2,0 1,0 15
Sept 160 340 250 62 32 47 0 0 0 0 0 0
Oct 340 500 420 0 0 0 0 0 0 0 0 0
Nov 540 560 550 0 0 0 0 0 0 0 0 0
Dec 560 560 560 0 0 0 0 0 0 0 0 0

Table 7. Recording of maximum passive needs, derived from the analysis of quantitative
bioclimatic charts of Drama and Kastoria. Exporting medium term for Climate Zone D.

The result from the analysis of the bioclimatic charts for the 4 climatic zones of Greece A (Fig2,
Fig3, Fig4, Figh) B (Fig6, Fig7, Fig8, Fig9) C (Figl0, Figll, Figl2, Figl3) and D (Figl4, Figl5,
Figl6, Figl7) are presented in the tables (Table4, Table5, Table6, Table7).

e Climatic Zone A

Analyzing the bioclimatic charts shows that in the prefectures of Messinia and Heraklion,
mechanical means are not required for heating during the winter as the temperatures are not very cold, nor
are mechanical means required for cooling during the summer. For January, February, March, April,
November and December, due to low temperatures, heating strategies are required such as avoiding heat
loss and increasing sunlight demand, from 0 to 560W/m?2. During May and October, passive heating is
required with sun radiation up to 300W/m? and avoiding thermal losses usually in the morning and evening
hours, there are also periods with shading needs, usually at noon where high sunshine is observed, while
there are periods with thermal comfort. During September and June, a large part of the lines are in the
comfort zone, in the morning mainly due to low temperatures, passive heating is required, with solar
radiation needs up to 140W/m?, shielding of the outer shell to avoid heat loss and during noon there are
shading needs. At times, however, the cooling achieved by shading is not enough, so there is a need for
natural ventilation at wind speeds of up to 0.5m/sec and evaporation cooling with humidity requirements of
up to 1.0gr/Kgr, as well as an increase in thermal mass with simultaneous night ventilation. During July
and August, no section is within the comfort zone due to the extremely high temperatures. The
requirements for solar radiation are as low as 50W/m?. Therefore, there should be shading during almost
all sunshine period (up to 100%), natural ventilation with wind speeds up to 1.2m/sec, evaporative cooling
with a moisture requirement of 3.2gr/Kgr, passive cooling with an increase in the building's thermal mass
and ventilation overnight.

e Climatic Zone B

The prefectures of lleia and Aitoloakarnania are located in the climatic zone B, which is colder
than the A zone. Analyzing the bioclimatic charts shows that in Aitoloakarnania there is a need of
mechanical heating during the winter (January, February and December). In January, February, March,
April, November and December, due to low temperatures, heating strategies are also necessary such as
passive solar heating with solar radiation ranging from 0 to 560W/m? and avoiding heat loss. It is also
noticed that mechanical means are not required for cooling during the summer. In May and October,
monthly lines fall within two zones, so in the morning and in the evening, because of low temperatures,
passive solar heating up to 320W/m?, is required and heat losses must be avoided. At midday hours
shading is required due to high sunshine, while there are periods of thermal comfort. During September
and June most part of the monthly lines are within the thermal comfort zone. Passive heating, with solar
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radiation up to 160W/m?, ensures thermal comfort. At midday, shading is mostly required. In some
intervals the shading is not sufficient to ensure thermal comfort, so natural ventilation is required at wind
speeds of up to 1.0m/sec and evaporation cooling with humidity requirements up to 3.0gr/Kgr, as well as
an increase in the thermal mass with simultaneous night ventilation. During July and August, particularly
elevated temperatures, lead the monthly lines outside the thermal comfort zone. There are minimal solar
radiation requirements of 70W/m?, with a shading need of about 96% of the day, with simultaneous natural
ventilation with wind speeds of up to 2.0m/sec, evaporation cooling with a moisture requirement of up to
4,0gr/Kgr, passive cooling with increasing building's thermal mass and overnight ventilation.

e Climatic Zone C

The prefectures of Alexandroupolis and Larissa are located in the climatic zone C, characterized
by temperatures lower than the climatic zones A and B. From the observation of the bioclimatic charts, it
appears that in the cold months of January, February, March and December, passive heating strategies,
such as, using the sun's radiation to the fullest, of 560W/m? and the avoidance of thermal losses from the
building shell are not enough. In addition, mechanical heating means are required. However, it is noticed
that mechanical means are not required for cooling during the summer. In the months of April, October
and November, low temperatures can be addressed by applying only passive heating strategies, avoiding
heat losses and increased levels of solar radiation, ranging from 0 to 560W/m?. During May and
September, solar radiation of the order of 320W/m?, is required, mainly in the morning. The high levels of
sunshine of the midday are treated by shading, while there are periods of thermal comfort. In June, solar
radiation up to 130W/m? is required to provide a desired indoor climate. Also, much of the day is within
the thermal comfort zone. High sunshine at noon can be treated by shading. When shading is insufficient,
ventilation is applied at an air velocity of up to 0.5m/sec, evaporation cooling, increased thermal mass and
night ventilation. Drought in the atmosphere is treated with humidity up to 1.5gr/Kgr, to ensure comfort.
During July and August, solar radiation is not required and the most of the sunshine period, shading is
required, with simultaneous natural ventilation at wind speeds of up to 1.2m/sec, evaporation cooling with
a moisture requirement of up to 3.2gr/Kgr, passive cooling by increasing the building's thermal mass and
ventilation during the night.

e Climatic Zone D

The prefectures of Drama and Kastoria are in climatic zone D, which is the coldest climate zone.
From the bioclimatic charts, it is noted that in January, February, March and December, due to low
temperatures, except passive solar heating with maximum solar radiation up to 560W/m? and the
avoidance of thermal load leakage, are also needed engineering heating devices at intervals. Mechanical
heating means are also required in April and November in Kastoria. In the summer months no passive
cooling measures are required. In April, October and November, passive heating and solar radiation of 0-
540W/m? is sufficient. During May, June and September, part of the monthly lines is within the comfort
zone. There are times that there is a need for solar heating from 0 to 440W/m?. Overheating at noon can be
treated with shading. In June, similar conditions prevail in Drama with the requirements for solar radiation
minimal, 0-80W/m?. Also, much of the day is characterized by favorable indoor climate conditions and
shading needs. When shading is not sufficient, natural ventilation with wind speeds of up to 0.5m/sec,
evaporation with humidity up to 1.0gr/Kgr, increased thermal mass of the building for passive cooling and
night ventilation is necessary. During July and August, high temperatures prevail, so in Drama no solar
radiation is required and in Kastoria solar radiation of 0-200W/m? is required. The hot sun rays can be
treated with shading, natural ventilation with a wind speed of up to 0.75m/sec, passive cooling with
increased building mass and evaporation cooling with humidity up to 2.0gr/Kgr. Also there are times that
the night ventilation is not enough in Drama because of the large amounts of moisture, so dehumidification
of the atmosphere is required. This strategy is applied when there are high levels of humidity, and is
achieved by mechanical means.

VIIl. BIOCLIMATIC EQUATIONS FOR CLIMATIC ZONES A, B, CAND D

In the Tables 4, 5, 6, 7, which resulted from the analysis of the quantitative bioclimatic charts of
the two regions per climatic zone, are contained, the maximum values of the needs of solar radiation
(W/m?), shading, wind (m/sec) and moisture (gr/kg). The average of passive needs for each climate zone
was then calculated. Then the following figures were designed:
1. average solar radiation needs in W/m? per month
2. average shading needs in % per month
3. average wind needs in m/sec per month
4. average moisture needs in gr/Kgr per month
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In the vertical histograms, the x axis only includes the months that each strategy is required to
apply, with unit gradients (where the 1 corresponds to the first month of the graph, the 2 to the second
month of the graph, etc.) and the y axis represents the passive heating and cooling needs.

A statistical solution follows, where the relationship of two variables is investigated, with the
purpose of predicting one with the help of the other, namely regression analysis. Thus, the regression lines,
which are non-linear are derived and from them the 2nd degree polynomial equations. Also, the coefficient
of determination, R?, is determined with values from 0 to 1. The coefficient R? expresses the percentage of
variability of the dependent variable y that is explained by the independent variable x. The closer to the
unit is R?, the more powerful the model is [44, 45].

The values of passive heating and cooling needs are obtained by replacing to the polynomial equations as x
the values 1,2,3, etc corresponding to the 1st, 2nd, 3rd, etc month of the figure (Fig18-33).

e Climatic Zone A

boo | ¥ = -24,3q%2 + 228,3x% - 28,21 (eq.A1)
R?=0401
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Fig. 18. Average values of solar radiation needs in W/m?, from October to May, in climatic zone
A.
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Fig. 19. Average values of shading needs in %, from May to October in climatic zone A.
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Fig. 20. Average values of wind needs in m/sec, from June to September in climatic zone A.
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Fig. 21. Average values of moisture needs in gr/Kgr, from June to September in climatic zone A.
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Fig. 22. Average values of solar radiation needs in W/m?, from October to May, in climatic zone
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Fig. 23. Average values of shading needs in %, from May to October in climatic zone B.
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Fig. 24. Average values of wind needs in m/sec, from June to September in climatic zone B.
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Fig. 25. Average values of moisture needs in gr/Kgr, from June to September in climatic zone B.

e Climatic Zone C
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Fig. 26. Average values of solar radiation needs in W/m?, from October to May, in climatic zone
C.
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Fig. 27. Average values of shading needs in %, from May to October in climatic zone C.
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Fig. 28. Average values of wind needs in m/sec, from June to September in climatic zone C.

¥= -1,12522 + 5,465% - 3,425 (eq.C4]
R2=0,972

Moisture needs (gr/Kgr)
ha

Jun Jul Ang Sept

Months from June to September

Fig. 29: Average values of moisture needs in gr/Kgr, from June to September in climatic zone C.
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e Climatic Zone D
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Fig. 30. Average values of solar radiation needs in W/m?, from October to May, in climatic zone
D.

Vo= -11,3262 + 75,028 - 36,6 (eq.Dz)

90 R2=0,094
80
= 70
&
= &0
L]
=
o Y
5
5 30 '
=
20
% 10
o
16 May Jun Jul Aug Sept ot

Months from Mayv to October

Fig. 31. Average values of shading needs in %, from May to October in climatic zone D.

0,8 ¥ =-0,252x%2 + 1,187%- 0,697 (69.D3)
R2=0,989

0,6

[s]
(%]

3

Wind needs (m/sec)

o
-

Jun Jul Aug Sept

Months from June to September
Fig. 32. Average values of wind needs in m/sec, from June to September in climatic zone D.
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Fig. 33. Average values of moisture needs in gr/Kgr, from June to September in climatic zone D.

IX. CONCLUSIONS

As discussed in this paper, the guantitative and qualitative bioclimatic charts of Victor and Aladar
Olgyay determine the values of the passive solar radiation, the shading, the wind and the moisture needs
for each month and for each climate zone in Greece, so as to ensure conditions of thermal comfort.

However, it should be noted that the process of finding the climatic data required for each area to
design the monthly lines mapping the external climatic conditions to the bioclimatic charts, namely the
values of the maximum and minimum monthly mean temperature and the respective values of minimum
and maximum relative humidity, was extremely difficult, as these data are not readily available. They
therefore arose after the climatic data processing of the Hellenic National Meteorological Service.

In order to overcome the above difficulty and to save time and effort for the building designers,
simplified equations, representative of each climate zone of Greece, were developed to replace the
quantitative bioclimatic charts.

These equations are different for each climate zone and represent the solar radiation needs (y) in
W/m?, the shading needs (y) in %, the wind needs (y) in m/sec and the moisture needs (y) in gr/Kgr. These
values are obtained by replacing the variable x with the fixed values 1,2,3 and so on, which represent the
1st, 2nd, 3rd, etc month of the graph.

The results from the bioclimatic equations are supposed to be used by engineers and architects as
the primary guide for determining the passive strategies of designing bioclimatic buildings for each climate
zone in Greece, as well as for areas with similar climatic conditions.
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