
C. Stephanidis and M. Antona (Eds.): UAHCI/HCII 2013, Part I, LNCS 8009, pp. 339–347, 2013. 
© Springer-Verlag Berlin Heidelberg 2013 

Optimum Building Shape in View of Energy Saving 

Andrzej Skowronski 

Wroclaw University of Technology, Faculty of Architecture,  
ul. B. Prusa 53/55, 50-317 Wroclaw, Poland 
andrzej.skowronski@pwr.wroc.pl 

Abstract. In most highly developed countries there are standards applied to de-
fine the requirements for the insulation coefficient of outer partitions, as well as 
adequate computer programs to both measure the heat loss in the buildings de-
signed and calculate the amount of electrical and thermal energy needed for 
heating and ventilating the building. Although these programs are able to calcu-
late the heat loss in the designed buildings, they cannot define their optimum 
shape. Apart from other numerous factors which influence the ecological and 
ergonomic value of the architectural project the building shape itself may sig-
nificantly reduce the construction and maintenance costs of the object.  An op-
timum shape of the building is very important for energy effectiveness, as well 
as  keeping ecological and ergonomic standards applied to solve the space of 
the building. These factors should be analyzed by the architect as early as in the 
initial design stage, i.e. while the visual concept of the object is being devel-
oped. For different shapes of the object, with the same area of the plan and the 
same insulation quality of outer partitions, the area of these partitions can be 
very different, so the amount of the building materials necessary for the con-
structing, as well as the heat loss resulting from its maintenance can also differ 
significantly.  
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1 Introduction 

For several years now, the political demand for limiting carbon dioxide emissions to 
the atmosphere has changed the attitude to the shape of buildings designed. The need 
to reduce the consumption of energy obtained from non-renewable sources, such as 
gas, crude oil or coal, and rather use the renewables, such as solar, wind and water 
power or geothermal energy, is becoming more and more important for contemporary 
economy and indirectly affects the architecture of buildings.     

The systems for using alternative sources of energy have now appeared on the 
market as a mass product and gradually become cheaper. It is said that due to the 
extensive designer's explorations, whose effectiveness have been examined for a few 
years now, some stable principles concerning the shape of building - in view of en-
ergy saving and the renewables used - have been formulated in contemporary archi-
tecture. The aim of this paper is to collect those basic rules so that the optimum shape 
of the building could be developed as early as at the design phase of the whole build-
ing process.   
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2 Design Principles of Energy- Saving Buildings 

When it comes to a typical building in which solar energy is used, one can formulate a 
few basic principles concerning the designing process. Some of them do not signifi-
cantly influence the shape of the building and refer to the situation when:     

• The object is built from eco-friendly materials that can be easily bio-degraded or 
recycled;                     

• The object is built from the materials available in the neighbouring area, which 
reduces the cost of transport; 

• The object is built from materials consuming only little energy, which helps reduce 
the cost of manufacturing;  

• The insulation coefficient of the outer partitions is very high, which reduces the 
heat loss to a minimum. 

The other principles define the shape of the building, such as: 

• Geometry of the building; 
• Functions of the building distributed according to the exposition to the sunlight; 
• Glazed spaces, such as winter gardens, directed to the south; 
• Appropriate size of windows in the elevations– according to the amount of 

sunlight;  
• Protection of elevations and rooms from excessive sunlight; 
• Appropriate selection of solar systems. 

3 Geometry of the Building Shape 

It is obvious that for the same building area it is observed that: the smaller the periph-
ery of the building and the area of the external partitions are, the cheaper the construc-
tion and the maintenance of the building. If a one-level building is to be built, the 
possibly smallest periphery would be achieved if the building is based on a circular 
plan. Every time when the circle has been extended into the ellipsis of the same area, 
we will end up with the periphery of the ellipsis bigger as compared to the periphery 
of the circle.  

When it comes to a regular octagon of the same area, its periphery would grow by 
merely 2.5%- as compared with the periphery of the circle. The fewer sides of the 
polygon, the bigger its periphery, whereas more sides, which make the polygon look 
more like a circle, result in its smaller external periphery. The building of the same 
area which has been based on a square plan will have the total length of external walls 
bigger by 12.5% than the circle. If this building is to be more and more transformed 
into a rectangle, the length of external walls will grow bigger and bigger.  

When it comes to a building designed on a regular triangular plan, the periphery of 
its external walls will be longer by 28% in relation to the circle periphery. If one of 
angles grows, the periphery of the walls grows as well. When we reach the form of 
the right-angled, isosceles triangle, the length of the external walls will be bigger by 
36% than the periphery of the circle.    
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Theoretically, the circle is an ideal figure as it has the smallest periphery of the ex-
ternal walls compared with other geometrical figures of the same area. The advan-
tages of the circle have been confirmed throughout the many years of the buildings 
activity in many different cultures and on different continents. This can be exempli-
fied by the residential homes of Inuits – the igloo, or  the homes like the yurt in Asia 
and the Indian wigwam in America. 

 

Fig. 1. External periphery growing for basic geometrical figures of the same area (Source: 
Author's drawing of December 2012) 

In contemporary civilization houses are usually built on rectangular plans. This 
mainly results from industrialized manufacturing as it is easy to execute a mass pro-
duction of simple, repeated and equal building elements, as well as the interior fur-
nishings. Making a rectangular load-bearing beam, as well as a rectangular bed or 
wardrobe is much cheaper than making an untypical round bed, a moulded wardrobe 
or a bent steel construction beam. Moreover, it is easier to combine rectangular ele-
ments and compose more complicated functional structures from them. Besides, it is 
not possible to design every building on a circular plan – due to the dimensions and 
shape of the building lot, as well as the functional and usable qualities of residential 
buildings in which rooms are rather small and adapted to being furnished with mass-
produced rectangular elements.    

 

Fig. 2. Geometrical defect of rectangular projection (Source: Author's drawing of December 
2012) 

Comparing two rectangular buildings of the same area, one can easily observe the 
influence of the more and more sculptured plan on the growing length of the external 
elevation and – consequently – the growing cost of the construction and energy loss in 
the object built. In two rectangles of the same area projected  (Fig. 2), with 3 protrud-
ing or dented elements designed, the length of the external walls grows bigger by 
57%. This causes the effect of the external periphery growing, which mathematically 
could be regarded as “geometrical defect of the rectangular projection” and described 
by appropriate mathematical formulas [1]. 

How the area of external partitions grows can be very well illustrated with another 
example of 8 cubic modules. In relation to the arrangement of those cubes, the area of 
walls, floors and ceilings, as well as the cost of the investment itself and later the 
heating cost of the object can grow even two times bigger in the situation when the 
modules have been arranged as single, detached objects. 
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Fig. 3. How the area of external partitions grows in relation to the arrangement of the building 
modules (Source: Author's drawing of December 2012) 

Summing up, it should be admitted that in order to reduce the cost of energy 
needed for constructing the building and later throughout the years of its maintenance 
until the recycling stage when it has been worn out, the optimum shape of the build-
ing should be understood as a simple and compact form, which possibly looks like a 
hemisphere (dome) or a rectangular box whose proportions resemble a cube, with no 
dents or protruding parts. It is obvious that the reflections above concern only such 
problems, as energy consumption while the building is being built and energy saving 
while it is maintained. Some other architectural aspects, however, have not been dis-
cussed, such as functional and aesthetic value, and the satisfaction of the users living 
in a unique and beautiful place. Anyway, it seems that the acting inspired by the idea 
that “simple is beautiful” should be appreciated and there is no need to complicate the 
form of the building or make it look strange as this may result in the growing costs 
and, paradoxically, an aesthetic loss as well.  

4 Distribution of Functions in the Building 

When it comes to designing energy-saving buildings, it is very important to develop a 
proper arrangement  of  usable areas according to the geographical directions. To 
achieve that the following tips should be considered: 

• The rooms where people stay for the longest time, so the highest comfort of 
warmth is required, ought to be situated on the south, east and west sides with the 
biggest amount of sunlight  (in case of a detached house these are: the dwelling 
rooms, as well as a kitchen and bathrooms);  

• On the north side ancillary rooms, in which the temperature can be lower, should 
be located serving as a kind of thermal buffer  (in a detached house these are: the 
basement garage, pantry, dressing room, boiler room, washing room etc.).      
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The group of experts preparing a study for the company Mostostal Warszawa S.A. [2], 
defined the optimum sizes of dwelling rooms in relation to their geographical direction: 

• From the south, east and west sides the dwelling rooms should not be deeper than 
5.5m; 

• From the north side – not deeper than 3.5m. 

5 Glazed Cubic Spaces on the South Side 

One of characteristic features of energy-saving buildings are winter gardens– or 
greenhouses, which are situated on the side where there is the biggest amount of 
sunlight.  

In the existing buildings these are mostly cubic spaces added to the original build-
ing form, whereas in newly-designed buildings the winter-garden function can be-
come an integral part of the whole building. The greenhouse function can bring some 
advantages, such as: 

• Thermal buffer for the south elevation which is most exposed to the sunlight; 
• In the winter time, especially on sunny days it catches and collects the solar energy. 

 

Fig. 4. From the house with a winter garden to the idea of “house in a house” 

Yet, in the summer winter gardens can be heated more than it is needed, so it would 
be necessary to provide an appropriate system for shadowing and ventilation.  

The greenhouse idea is very close to the idea of the “house in a house”. This  
interesting solution can be described by an example taken from Lithuania, where a 
medieval building, along with the land around it, is owned by a bank holder and is 
situated not far from Vilnius. The architects of the company G. Naktevictus & Part-
ners restored the old building and covered it with glass cubes [3].  

6 Size of Windows in Elevations 

Poland has a temperate climate where the difference between the summer and winter 
temperatures can be as high as 60oC and the amount of sunlight is about 4500 hours a 
year. In the summer for about 8 weeks the temperatures reaches up to +32oC, while in 
the winter at night goes down to minus 30oC. For approximately 6 weeks in the  
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daytime extensive clouds can be observed which practically make it impossible to 
catch and collect any solar energy. Having analysed the results of the research study 
done by the group of experts mentioned before for a building company in Warsaw, 
one may conclude that for the climate like this the optimum size of windows are the 
following [2]: 

• In the south elevation: up to 50% of the elevation area; 
• In the east and west elevations: up to 30% ; 
• In the north elevation: up to 25% . 

Other suggestions concerning windows are: 

• The obligation to install shadow-systems from the south, east and west; 
• Minimum coefficient of heat penetration for the window: U = 1.0 W/m2K. 

7 Protection from Too Much Sunlight  

Apart from catching solar energy in the winter, the building ought to be protected 
from excessive sunlight in the summertime. In order to reduce the amount of sunlight 
one should consider the biological partitions as a natural and ecological solution. It 
would often be enough to plant a tree on the southern side and a creeper that would 
grow up the wall. They will shadow the building in the summer but when the leaves 
fall down in the autumn, the sunlight will have an easy access to it. The protection of 
the elevation from excessive heating may be done by means of various blinds more or 
less automatized– from permanent external blinds installed on the building elevation 
up to complicated automatically steered movable blinds or roller blinds. Those auto-
matized movable systems for shadowing elevations should be classified as the active 
type. Yet, they are just a technical addition to the whole building form which itself 
does not provide this kind of protection.  

In order to protect the building from overheating naturally, the architect can design 
a protruding roof, arcades or balconies from the south, east and west, which would be 
classified as a passive solution. The angle of the sun's rays is different in the winter 
than in the summer. Therefore, the shape of the elevation which is exposed to the sun 
should be predicted while the building is being designed. Protruding eaves or a deep 
balcony designed give a kind of passive protection from the excessive sunlight in the 
summer, whereas in the winter  make it possible for the sun's rays to get through. 

 

Fig. 5. Passive protection of the building from excessive sunlight (Source: Author's drawing of 
December 2012) 



 Optimum Building Shape in View of Energy Saving 345 

The excessive energy observed in the glazed buildings may result in the situation 
that more energy is used for cooling the buildings in the summer than for heating in 
the winter. In this case, a kind of the greenhouse effect can be limited by the use of a 
double glass facade, as well as by low-emission glass applied. This, however, has a 
negative effect, i.e. the noise resulting from the hot air speeding up. In very high 
buildings there are special systems used for reducing the speed of air, which is 
achieved mostly by having the elevation divided into sectors. Theoretically, the natu-
ral flow of hot air between the panes of glass in the double facade can be employed to 
drive the wind turbines which would produce electricity. 

 

Fig. 6. In a greenhouse and a high building one can use a flow of hot air between the glass 
panels (Source: Author's drawing of December 2012) 

8 Solar Systems 

When it comes, for example, to the assembly method used, the solar systems can be 
divided into [4]: 

• Additive, i.e. those which can be assembled to the existing buildings being the 
modularized liquid-based or photovoltaic collectors; 

• Active, i.e. rotating after the Sun– mainly photovoltaic collectors to be installed on 
roofs or on the ground near the building; 

• Integrated with the building form, mainly as photovoltaic cell built into glazed 
facades and roofs of the buildings– these collectors perform the protective function 
having replaced the external partitions. 

Each of the types mentioned to some extent influences the appearance of the  
building, the additive and active collectors being the most visible. The collectors inte-
grated with the elevation fit in the divisions made and may create interesting visual 
compositions. 

When it comes to the systems for collecting geothermal energy, those do not influ-
ence the building shape. What the ground-source heat pumps require is the area big  
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enough to install the system of pipes in the ground. As for the air source heat pumps 
the influence of those on the appearance of the building is limited as the air from the 
outside is taken through the louvred elevation.  

The situation changes when energy is taken from the wind. For this case in Poland 
there are a lot of restrictions due to the law demanding the preservation of the natural 
environment which, indeed, do not permit any turbines installed even if they are of 
little power on fairly low poles. Therefore, the wind power stations are permitted only 
in the open areas that are free of buildings as the noise and the wind mills themselves 
may negatively influence the landscape. 

9 Conclusion 

Contemporary knowledge of the energy saving methods makes it possible to design 
buildings in a rational way - in view of their cost-effectiveness and the energy neces-
sary for the object to be built and maintained. Unfortunately, it often happens that this 
factor is not examined before the final stage of the designing process when the build-
ing has been almost completely designed. Consequently, to reduce the maintenance 
cost, especially the cost of winter heating and summer cooling, some very expensive 
technical solutions must be applied. Yet, it often turns out that  in order to reduce 
these costs one should have defined the optimum shape and function earlier - while 
the architectural concept was being created. At the beginning of the design process 
the following issues ought to be analyzed: 

• Geometry of the building;   
• Appropriate distribution of the functions in the building according to the direction: 

due  East, South, etc.; 
• Making it possible to design the glazed spaces directed due South; 
• Appropriate size of windows in each of the elevations; 
• Protection of the south, east and west elevations from excessive sunlight; 
• Appropriate selection of solar systems. 

Having considered energy crisis and general economic decline, as well as the growing 
consciousness of the society, the investors and users of buildings now pay more and 
more attention to ergonomic, ecological and economical aspects of the building ob-
jects. The quality of architecture results from more factors than just the external form 
of buildings. What seems fortunate, however, is the fact that no one can definitely 
classify the influence of individual factors on the quality of architecture and decide 
which one for the given solution is the most important: the form, function, economy 
or ecology. What can be done, however, is to appeal to architects and discourage them 
from making the space model of the building too much complicated unless it is 
strongly and reasonably justified.      
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