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Abstract. The article discusses the modern state of architecture and 
construction in the world, aimed on saving energy through specific 
architectural and structural design of buildings. It is noted that for the time 
being energy saving in the majority of countries is nearly the main problem, 
and that is a challenge for contemporary architecture and construction. There 
are some ways of efficient solution of the problem in question. Among these 
the design and construction of special types of buildings seems to be the 
most notable. 

1 Introduction 

Among different and various types of houses and buildings being in use nowadays there 
are some special types, which distinguish from the whole lot mainly in terms of energy 
consumption. Such buildings are called “passive” and feature sufficient energy saving due to 
specific architectural and structural design solutions. “Passive” buildings in general can also 
be classified as follows: 

i/- Buildings which are energy-efficient due to complete or partial insulation of their 
building envelope (underground houses or houses set into grade) [1-7, 11, 14]. 

ii/- Buildings which are energy-efficient due to solar energy utilization (“solar houses”). 
These can use solar radiation either with the aid of solar collectors/batteries or through the 
implementation of special architectural and structural design solutions (say, “Tromb’s walls”, 
winter gardens or greenhouses, etc.) 

2 Theoretical background 

All types of buildings mentioned above can be determined as “passive” buildings. These are 
objects in which energy efficiency is reached with architectural and structural means. Energy 
conservation and requirements for environmental protection are leading factors to favour 
building underground. Other factors might be safety and privacy. Main examples of these 
buildings are completely underground houses with patio, usually square in plan, and partially 
underground houses, such as buildings set into grade or mountain villas (Figures 1, 2 and 3). 
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Fig. 1. Underground house. Key: 1 – natural ventilation; 2 – insolation and natural lighting; 3 – 
ground level; 4 – stair; 5 – patio; 6 – living room; 7 – corridors/galleries; 8 – glazed partitions. 

 

Fig. 2. Building set into grade. Key: 1 – natural ventilation; 2 – insolation and natural lighting;                   
3 – prevailing winds; 4 – ground level; 5 – a blind wall; 6 – solar collector/battery, as an optional 
version to gain electric power; 7 – glazing; 8 – snow deposits in wintertime. 

 

Fig. 3. A mountain villa. Key: 1 – natural ventilation; 2 – insolation and natural lighting; 3 – partially 
open ventilated area in summertime, with high position of the sun; 4 – thermal pocket;    5 – terrace; 6 
– mountain slopes; 7 – an adjustable glass screen; 8 – internal volume of a dwelling. 

2

E3S Web of Conferences 244, 05010 (2021)	 https://doi.org/10.1051/e3sconf/202124405010
EMMFT-2020



 

Fig. 1. Underground house. Key: 1 – natural ventilation; 2 – insolation and natural lighting; 3 – 
ground level; 4 – stair; 5 – patio; 6 – living room; 7 – corridors/galleries; 8 – glazed partitions. 

 

Fig. 2. Building set into grade. Key: 1 – natural ventilation; 2 – insolation and natural lighting;                   
3 – prevailing winds; 4 – ground level; 5 – a blind wall; 6 – solar collector/battery, as an optional 
version to gain electric power; 7 – glazing; 8 – snow deposits in wintertime. 
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Design of “solar houses” is based on such structural and planning solutions that can 
ensure solar energy utilisation. This process also can be either active or passive, the latter 
being of most interest for our study. Active solar energy utilisation is usually in form of solar 
collectors/batteries to gain electric power due to sun radiation. This power is used either to 
cool the interior of a dwelling or to heat it. Passive utilization means usage of natural 
conditions to the best advantage in order to gain more natural sun heat and to decrease heat 
losses. Hence orientation, exposition to the sun, cold wind protection, windbreak planning, 
etc. play a very important role (Figures 4 and 5) [1, 2, 8-14]. 

 

Fig. 4. A solar house with structural heating through Tromb’s wall. Key: 1 – natural ventilation and 
lighting; 2 – solar radiation; 3 – thick heavy-mass concrete wall with ducts (Tromb’s wall); 4 – thick 
light concrete wall; 5 – glazing; 6 – outlet; 7 – inlet; 8 – heat flow. 

 

Fig. 5. A solar house with winter garden/greenhouse. Key: 1 – natural ventilation and lighting; 2 – 
solar radiation; 3 – winter garden or greenhouse; 4 – heat floes; 5 – complete glazing of a winter 
garden or greenhouse; 6 – window’s glazing. 

The main idea of the article presented is to compare planning and structural solutions of 
the buildings discussed on criteria of physical/technical properties, i.e. on possibility to create 
comfortable microclimate environment of the dwellings considered. 

3 Desk study 
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These are some advantages and disadvantages in creating comfortable microclimatic 
environment in the interiors of “passive” buildings. The environmental characteristics can be 
evaluated through the quality of specific physical and functional regimes, such as natural 
ventilation and illumination, thermal insulation, solar insolation and sun protection, 
visual/psychological contact with surrounding environment, ecological aspects (protection of 
nature), privacy, etc. 

The analytic evaluation of these regimes is presented in Table 1 

Table 1. The evaluation of main physical/functional characteristics of indoor environment for 
different types of “passive” houses 
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The appraisal is conducted on 3-point evaluation scale: maximum, medium and minimum 
values of properties considered. As it is clearly seen from Table 1 data, none of the building 
types considered are ideal from the physical/functional point of view. The routine case is to 
reach better characteristics of a certain internal microclimatic regime at expense of another. 
Say, with big windows the natural lighting becomes better, but noise protection and thermal 
insulation becomes worse, etc. Hence the best result, which might be expected, is to achieve 
a reasonable “optimum solution”. The optimum set of microclimatic characteristics achieved 
by passive means must be combined with some active means, say with artificial lighting and 
air conditioning. 

4 Conclusions 

The analytical study discussed above gives the opportunity to make some conclusions, which 
are as follows: 

i/- According to the analysis of data from Table 1, the best, though not ideal, case of the 
“passive” houses considered is case number 3, which is an example of a mountain villa. The 
worst position shows a house with Tromb’s wall (case number 4). The difference, however, 
is not dramatic: the average results lay from maximum of 2,33 points to a minimum of 1,77 
points (on a 3-point scale). 

ii/- The best result of the specific characteristics in every case considered shows the factor 
of thermal insulation, which is maximum nearly in every type of “passive” houses in 
question. This fact shows the greater validity of thermal protection as compared with other 
factors in question. It shows that all the types of the “passive” houses considered have the 
design solution primarily aimed on thermal insulation, maximum heat gain and minimum 
heat loss. Extra heat gain may be stored by energy conservation means and afterwards used, 
for example, for supplementary artificial lighting of interiors or other necessary energy 
charges. 

iii/- The study shows that there are two main ways to reach an ideal planning/structural 
design solutions of the houses in question, aimed on reaching comfortable indoor 
microclimatic environment. The first one is based on the best energy conservation solution 
of a dwelling, either underground or a solar one. To this object a number of other means are 
being added, aimed on natural lighting, ventilation, noise protection, etc. control. Such a 
combination may lead the whole design solution to the best advantage. The second way is to 
design a passive type of a dwelling with a set of planning and structural means discussed 
above, which firstly match each other within the main idea of a design in spite of other 
efficiency and afterwards to improve all the disadvantages of microclimate created with 
artificial means of indoor environment climatisation.  
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