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Abstract 

The origin of the word “hypaethral” is the Latin “hypaethrus” (exposed to open air). 

The “semi-open air” or “semi-hypaethral” spaces have taken a lot of forms and names 

in Mediterranean architecture such as “Stoa”, “Sala terrena” and “Portico”. In 

contemporary Greece, semi-hypaethral spaces, with specific dimensions, area and 

proportions are used in multi-storey urban building as shaded and protected, summer 

living areas. Additionally they prevent direct sunlight from penetrating the inner 

spaces during hot summer days. This study investigates how and to what extent the 

different types of semi-hypaethral spaces, formed by the national building regulations, 

affect the thermal performance (heating and cooling loads) of adjacent inner spaces. It 

focuses on numerous types of semi-hypaethral spaces that appeared in the past twenty 

five years in the Greek urban context. 
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Introduction 

Semi-hypaethral spaces can be described as rooms with at least one of their external 

walls missing (Figure 1, on the left). They were introduced in Greece by law, in 1985. 

According to this regulation (Ministry of Environment, 1985) semi-hypaethral spaces 

could have different proportions (within some limitations) but a specific maximum 

area, depended on the floor area of the building. The area of a semi-hypaethral space 

was considered an additional area of the building, so it was in a way a motive for the 

construction of more buildings suitable to Greek climate. However, the intentions of 

this measure were in most cases misinterpreted by owners and constructors, as it was 

considered an opportunity for higher profit. More than one million semi-hypaethral 

spaces were illegally transformed (Lialios, 2010) into indoor spaces. In most cases the 

open side of the semi-hypaethral was replaced by glazing or poorly insulated 

materials (Figure 1, on the right), because it could be easily removed in case of a 

report of this illegal closure.   

 
Figure 1, on the left (Typical example of Greek building with semi-hypaethral spaces)                                                                                   

on the right (Typical example of semi-hypaethral space transformed into an inner space) 

The 1985 law (often referred to in this study as former regulation) was replaced, with 

the introduction of a new law concerning semi-hypaethral spaces in 2009 (often 

referred to in this study as current regulation). The new law coincided with a vast 

effort by the relevant ministry to decrease the energy consumption of buildings. So, 
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almost at the same time a new environmental regulation for buildings 

(KENAK)(Ministry of Environment, 2010/B), a new measure concerning semi-

hypaethral spaces dimensions and one for the legalization of illegally closed semi-

hypaethral spaces were introduced (Ministry of Environment, 2009). These 

regulations aim at the construction of buildings with smaller semi-hypaethral spaces, 

in order for illegal enclosures to stop (at least that is the ministry’s belief), and at the 

same time through certain procedures to legalize the illegally arranged spaces and 

keep them as they are. According to the ministry there will be an end to illegalities 

and through the legalization procedure the state will gain at about 1.5 billion Euros 

(Journalistic Organization Lamprakis S.A., 2010). 

Research aim 

The main objective of this study is to investigate the effect of different semi-

hypaethral spaces on the energy consumption of multi-storey residential buildings in 

Greece. In other words, to investigate how and to what extent the diverse types of 

these spaces affect the thermal performance (heating and cooling loads) of adjacent 

inner spaces. The research concentrates on the main floors of a typical, semi-detached, 

multi-storey residential building in Athens and Thessaloniki. It refers to different 

types of semi-hypaethral spaces, formed by the national building regulations (former 

and current) and the effect of this feature on the energy performance of buildings, 

trying to give answers to the questions highlighted in the diagram below.  

 

Research methodology 
The research methodology of this particular study is a quantitative approach using 

simulation. The tool used for the calculations regarding thermal analysis is the 

Autodesk Ecotect Analysis 2011 software package. The simulation models of semi-

hypaethral spaces were designed according to the former and current regulation 

directives. Furthermore, the reformations performed illegally by the inhabitants of the 

buildings due to misinterpretations of the first directive mentioned above, were taken 

into account. The conclusions of this particular study were drawn from thermal 

simulation of one hundred and sixty two different cases. 

Selection of characteristics for the models 

Location: The simulations were conducted for Athens and Thessaloniki. The choice of 

two cities/sites, instead of one was made in order to gain a more complete image of 

the function/performance of semi-hypaethral spaces for the total of cases, since these 

two cities gather in total, approximately the 45% and 73% of the national and national 

urban population (Central Intelligence Agency, 2011). Additionally the cities of 

Athens and Thessaloniki are the main “areas” where the phenomenon/problem, which 
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this paper examines, takes place. They are the cities with the largest number and the 

largest percentage of multi-storey buildings. Thus, while the total of multi-storey 

buildings in Greece does not exceed 12.2% of the national building stock and 22.5% 

of all buildings in Greek cities, in the cases of Athens and Thessaloniki it exceeds 

61% and 75% respectively. More than 60% of these multi-storey buildings have three 

to five floors (Hellenic Statistical Authority, 2001) 

Geometry: The models designed for the simulations could be theoretically 

divided into two parts. The first is the body of the building and the second is the semi-

hypaethral spaces considered as additional features of the building. The legitimate 

proportions of semi-hypaethral spaces were revised through the recent legislative act 

but the building regulation remains practically unchanged since 1985. In year 2000 

(Technical Chamber of Greece, 2000) there were some small changes regarding 

elements that do not concern this particular paper. This results in a uniform picture of 

the whole of the city and especially of the building blocks that one encounters in the 

cities of Athens and Thessaloniki. Following the relevant regulations and literature 

(Ministry of Environment, 2000/A, 2000/B and 2000/C ; Papamanolis,2005), the 

buildings in the  models were designed to have a 120 m
2
 floor plan each, total height 

17 meters and the distances between them to be of  9 meters for the front and back 

facades equally. They have a ground floor (5m high), three floors above and a 

penthouse (3m floor height), with a 4.5 meters setback in the top floor, calculated 

according to the specific regulation. The buildings are placed into a continuous system 

of structure, that is to say they are semi-detached, with a façade width of 10 meters. 

Construction: Almost 100% percent of buildings, in Athens and in Thessaloniki, 

have concrete frame and approximately 80 to 90% have brick walls and a flat concrete 

roof (Hellenic Statistical Authority, 2001). Therefore, the main materials used in the 

simulation models are concrete and bricks. Windows were also designed, according to 

the relevant regulations, to be of an area equivalent to 10% of the surface of the floor 

(Ministry of Environment, 2010/A). The physical properties of these surfaces, the U-

values specifically, are defined by relevant regulations. The thermal regulation for 

buildings (Ministry of Environment, 1979) has been recently replaced by an overall 

environmental regulation, mentioned above. Therefore, the physical characteristics of 

the materials used in modelling were related to each particular case. In the case of the 

former regulation for semi-hypaethral spaces (1985), testing is made with regards to 

the former thermal insulation code and for the current one (2009) in regard to the 

current environmental regulation. 

General Settings: For both cities IWEC weather files were used (ASHRAE, 

2001), that consists of data generated from a recorded period of thirty years and as 

there is no specific regulation or research on the representative values for Greece, 

clothing was assumed to be 1.0 (clo) and 0.6 (clo) during cool and warm periods of 

the year respectively. The occupants are assumed to have sedentary activity (70W) 

and the air movement slight (0.1 m/s). The temperature comfort range was estimated 

to be between 22 C and 26 C, by the Fanger Thermal Comfort Meter 2005, provided 

by the Welsh School of Architecture. According to the data for typical Greek 

households, collected from relevant literature (Hassid, et al., 2000; Papadopoulos, 

Oxizidis and Papandritsas, 2008; Nikolaidis, et al., 2009), the internal sensible gains 

(both lighting and other power loads) where considered to be 45 W/m
2
. The

 
number of 

occupants was defined by the relevant regulation for the calculation of the population 

for residential buildings (Ministry of Environment, 1988) and the air change rate from 

the regulation concerning natural ventilation (Ministry of Environment, 2010/A). 
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Testing 

According to the former regulation (1985), two different types of semi-hypaethral 

spaces were designed (1985/shallow and 1985/deep). The “shallow” type covers an 

area of 10m 2.4m=24m
2
 while the “deep” of 4.9m 4.9m=24m

2
, (Figure 2).They are 

equal in area because the area of semi-hypaethral spaces is equivalent to 20% of the 

area of the buildings floor area (floor area in all of the models = 120m
2
). Also, 

according to the same regulation, the width of the opening (the side of the semi-

hypaethral that is not covered by a wall) has to be at least 2.5m and of depth smaller 

or equivalent to its width.  

Figure 2 (1985- types)                                                                                             Figure 3 (2009-types) 

According to the current regulation (2009), again two different types of semi-

hypaethral spaces were designed, (2009/shallow and 2009/deep). The “shallow” 

emerges from regulation’s instructions and covers an area of 10m 1.8m=18m
2
 

(Figure 3). At this point, it is important to bear in mind that according to the current 

regulation the semi-hypaethral space has to have maximum area equal to 15% of the 

floor area and 1.8m. maximum depth. Nevertheless in the “deep” type, the depth is 

doubled (from 1.8m to 3.6m). This “deep” type is a research hypothesis that aims to 

investigate the scenario of introducing deeper/larger semi-hypaethral spaces to the 

new well insulated buildings. It is a hypothesis that evaluates, in a way, the scenario 

of combining the new environmental regulation (KENAK) with directives of the 

former, “semi-hypaethral spaces”, regulation (1985). 

The settings of models, for all types and simulations remain stable regarding the 

requirements and operational schedules (Table 1). The variants between the 

simulations are climatic conditions (Athens and Thessaloniki), orientation of building 

(North, East, South) and building materials for each case (Tables 2, 3). Models with 

western orientation were not tested, since measurements are related to solar paths 

(solar access) and for this case west and east orientation concur. 

Comfort 

Range 

Clothing Humidity % Occupants Sensible 

Gains 

Air Ch. 

Rate Winter Summer Winter Summer 8:00-

18:00 

18:00-

8:00 22-26 oC 1.0 clo 0.6 clo 55% 65% 2p-50% 4p-100% 45 W/m2 2 ac/h 

Table 1/ General Settings   
U-values (W/m

2
K) Walls Floor Windows 

Athens 1.40 2.25 6.00 
Thessaloniki 1.40 2.25 6.00 

Table 2/ Former Regulation-1985, Materials 
U-values 

(W/m
2
K) 

Walls Roof Floor Window 

Athens 0.60 0.50 1.41 2.70 

Thessaloniki 0.48 0.38 0.66 2.70 

Table 3/ Current regulation-2009, Materials 

 

Simulation results 

Testing the former regulation refers to successive phases of absence (No S-H), 

presence (With S-H) and illegal transformation (Glazed S-H), of semi-hypaethral 

spaces. In the case of “Glazed S-H”, the semi hypaethral space has been converted 

into an inner space of the building and thus obtains the same settings as the thermal 
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zone to which it belongs, which are the same settings as the rest of the floor to which 

it belongs.  

Similarly, for the current regulation, the successive phases of calculation refer to 

the absence (No S-H), presence (Shallow S-H) and augmentation (Deep S-H) of semi-

hypaethral spaces. The “S-H” stands for semi-hypaethral space and the results 

(average for all orientations), are presented below, for each city and type separately. 

 
 Av. Change in Heating 

Loads (kWh/m2)  

Av. Change in Cooling 

Loads (kWh/m2) 
Av. Change in Total 

Loads (kWh/m2) 
Athens/1985/shallow +0.12% -0.51% -0.22% 
Athens/1985/deep +0.04% -0.29% -0.13% 
Thessaloniki/1985/shallow +0.18% -0.87% -0.19% 
Thessaloniki/1985/deep +0.07% -0.44% -0.10% 
Former regulation (1985), From (No S-H) to (With S-H) 

Athens/1985/shallow +55.88% +11.82% +31.17% 
Athens/1985/deep +22.22% +4.65% +13.13% 
Thessaloniki/1985/shallow +28.73% +12.41% +23.14% 
Thessaloniki/1985/deep +13.16% +4.58% +10.31% 
Former regulation (1985), From (With S-H) to (Glazed S-H) 

Athens/2009/shallow - -0.34% -0.25% 
Thessaloniki/2009/shallow +0.14% - 0.49% -0.13% 
Current regulation (2009), From (No S-H) to (Shallow S-H) 

Athens/2009/deep - -0.50% -0.33% 
Thessaloniki/2009/deep +0.24% -0.95% 

 
-0.27% 

Current regulation (1985), From (No S-H) to (Deep S-H) 

 

The results reveal that the effect of the semi-hypaethral space is beneficial for the 

energy consumption of a building in both cities, since the ratio of cooling to heating 

loads results in the decrease of total thermal loads on all floors and orientations. In the 

case of the former regulation (1985), the decrease of total thermal loads per square 

meter, is ranging between 0.04% (Thessaloniki/1985/deep/1
st
 floor/north) and 0.33% 

(Athens/1985/shallow/3
rd

 floor/east). As for the current regulation (2009), the 

decrease is ranging between 0.06% (Thessaloniki/2009/shallow/1
st
 floor/North) and 

1.2% (Athens/2009/deep/3
rd

 floor/East).  

Eastern oriented buildings have the higher numbers (in absolute value and 

numerical variations) in all of cases. In other words, the presence of a semi-hypaethral 

space, “shallow” or “deep”, has a greater impact on east oriented buildings, which are 

at the same time and in all cases the most energy demanding. 

Regarding the former regulation (1985), it was shown that both types have 

positive impact, with the “shallow” one to be more effective than the “deep”. 

However, due to the misinterpretation of the regulation as well as due to the illegal 

transformations, the slight beneficial effect of the semi-hypaethral spaces was 

replaced by a highly negative one. In that case, the increase of the total thermal loads 

per square meter is ranging between 8.6 % (Thessaloniki/1985/deep/1
st
 floor/South) 

and 37.6 % (Athens/1985/shallow/1
st
 floor/East). If the 20% increase of the floor area 

is also calculated [120m
2
(floor area) + 24m

2
(S-H area) = 144m

2
 (total area after the 

illegal transformation)] then these percentages rises to 30.3% and 65% respectively 

(increase of floor’s total thermal loads). 

Regarding the current regulation (2009), it was proved that semi-hypaethral 

spaces help in reducing the buildings thermal load. Nevertheless, depth augmentation 

(research hypothesis), achieves even higher decrease. So we could claim that, in 

newly built buildings in particular, which are constructed in compliance to the current 
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environmental regulation (better thermal insulation), a deeper semi-hypaethral space 

can have positive impact. 

Conclusions 

This study produced useful conclusions for representative types of semi-hypaethral 

spaces in multi-storey residential buildings in Greece. It focused in particular, on 

semi-detached buildings and the simulations were performed for the city of Athens as 

well as for Thessaloniki. The conclusions emerging from the analysis performed are 

related both to the past as well as the future of the specific feature (semi-hypaethral 

spaces) in this particular context. It was proved that both former and current 

regulations represent positive measures with regards to the energy consumption of the 

buildings. However, due to the misinterpretation of the first regulation as well as due 

to the illegal transformations, this regulation turned out to have an extremely negative 

impact on the thermal behavior of the adjacent inner spaces. 

Despite the fact that the results were expected to differ substantially between the 

two Greek cities, the analysis showed that the impact of these spaces in Athens and in 

Thessaloniki, were not significantly different. Consequently, the results emerging 

from the simulations can be generalized for even more cases, different from the ones 

examined. According to the statistical analysis of the results, the reduction in energy 

consumption that can be achieved by these spaces rises up to 1.2%. 

In addition this study demonstrated that there is significant potential for 

improvement of the current regulation. Further research should attempt to explore 

methods in order to identify an optimized design for semi-hypaethral spaces. This 

optimized design should take into consideration the parameters mentioned in 

environmental regulations (KENAK) such as the different climatic zones and the 

different requirements emerging from different building uses and would therefore 

maximize the efficiency of this passive design feature. 
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