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Abstract: 
The goal of the paper is to represent the energy efficient activities on an 
ecological solar house and to improve its ecological solar compositionality. 
The subject of this paper is the optimization of energy consumption, 
insulation capacity, optimization of air and other parameters, all in view of 
reaching and improving energy efficiency and ecological aspect when 
designing solar passive houses. Having analysed micro and macro influences 
and taken into account the energy factors of a parcel of land, the structure 
is envisioned through the application of an indirect-passive approach, so as 
to have the passive solar structure simultaneously as a solar collector and 
heat storage, while the emphasis is put on an optimal, efficient and 
ecologically functional design. In order to make the process of construction 
of the ecological solar house a compatible and energy efficient one, 
constructing the structure with ecological materials is foreseen. In 
accordance with this, in this paper a representation of the design of the 
ecological solar house is provided, with the optimal use of solar energy and 
heat in focus.  
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1. INTRODUCTION  

 
Renewable sources of energy are used for 

providing less than 1% of the overall energy 
produced in the world [1]. Development of 
renewable sources of energy, and in particular, the 
energy of wind, water, the Sun and biomass, is the 
main goal of the energy policy of the European 
Commission – Department for Energy and 
Transport of the European Commission. The 
European Union passed several directives related 
to renewable sources of energy: the Directive 
2001/77/EZ, 2003/30/EZ and 2009/28/EZ. The last 
directive foresees a target of at least 20 % share of 
energy from renewable sources in overall 
Community energy consumption by 2020. On 
January 26th, 2009, the Republic of Serbia became 
a member and founder of the International Agency 
for Renewable Sources of Energy (IRENA), whose 

main goal is providing precise consulting services 
to the governments industrialized for the policy of 
using renewable sources of energy, technology 
transfer and consultancy services regarding 
financing of projects, constructing and 
manufacturing capacities in the field of using 
renewable energy [2]. 

On January 3rd, 2014, the Government of Serbia 
passed the Proposal of the energy development 
strategy until 2025, with projections until 2030, 
which foresees production of electrical energy 
from renewable sources. This strategy also 
foresees reduction in emission of gases and 
increase of energy efficiency [1,3]. As announced 
by the government of Serbia, the strategy 
establishes the long-term goals for development of 
manufacturing capacities of the country, which 
serve the function of safe procurement and 
environment, as well as development of 
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transmission, transport and distributional system 
and market of electrical energy and natural gas. 
The degree of scientific development allows 
commercial ways of using sources for obtaining 
energy. Renewable sources of energy comprise of: 
solar energy, wind energy, biomass (biofuel and 
biogas), geothermal springs, energy of small water 
courses, energy of ebb and flow, energy of waves, 
internal energy of seas and oceans [1]. Supply of 
energy from renewable energy source (RES) is a 
key strategic factor of every country because it 
directly has an influence on lowering negative 
impact on environment [4]. In the author's study 
[1] an overview of renewable energy resources in 
Serbia is given, since many researches shows that 
Serbia has great potential of RES (renewable 
energy source). It also has good conditions for heat 
energy from renewable resources [1]. Solar energy 
might have a significant place in energy production 
of one country because it represents renewable 
and inexhaustible energy resource [3]. Solar energy 
is from the aspect of ecology pure energy whose 
energy technology in application is not polluting 
the environment [5]. 

For the purpose of this paper solar energy 
might be accomplished converting solar energy 
into heat [6]. Solar systems for heat production are 
used in households and industry (for heating of 
sanitary water, heating of technical water), heating 
of water in pools, etc. [7]. The number of sunny 
days in Serbia is more than 2,000 h [8]. Vojvodina 
has resources of solar energy significantly higher 
than the European average together with good 
season disposition [1]. Its efficient and long-term 
use is necessary to design as soon as possible. With 
more significant use of solar energy, Serbia will 
come closer to the recommendations of the 
European community for the use of renewable 
resources, which include a significant need for 
more intensive use of solar energy [9]. 

Our paper examines the application of solar 
energy in everyday life in the sphere of human 
residency. In accordance with this, an “eco-passive 
house” in the territory of Vojvodina is presented, 
the house which uses solar energy to produce 
electrical energy and provides heating within it. 
Materials foreseen for construction are ecological, 
with proper thermal accumulation and non-
acoustic properties. Every hour the Sun emits the 
amount of energy that the entire population of the 
Earth uses in a year [10]. Thus, this represents an 
investment into the permanent solution of heating, 
the cost of which could not be changed by taxes or 
global economic or political crisis. What 

differentiates this type of house from other 
ecological houses is its innovative design based on 
solar energy and elements of energy efficiency [11].  
 
2. FUNCTION MODE OF SOLAR HOUSE 
 

The technology of construction used in a solar 
house can be applied to the already existent 
residential structures, but it is most common to 
start construction of these houses from foundation, 
with particular attention paid to putting the local 
climatic functions into the best use. This implies 
that solar houses built for specific geographical 
locations will not be the same, but rather adjusted 
to the specific climatic conditions. The adjustment 
is necessary to be applied even in the designing 
phase. Designing of the solar house presented in 
this paper is achieved through application of 
bioclimatic designing for the European area, in the 
zone of the moderate continental climate, with 4 
seasons, and dominant eastern wind. When 
designing the ecological solar house, the goal was 
to reach as stabile micro-climate conditions as 
possible, regardless of the temperatures outside of 
the house [12]. Through the analysis of micro and 
macro influences and taking into account the 
energy factors of the parcel of land, the ecological 
solar house is designed by the application of an 
indirect-passive approach, i.e. in accordance with 
the indirect-passive solar principles and extended 
with a modern, ecologically functional and energy 
efficient design (Fig.1).  

The basic guiding principle upon designing the 
ecological solar house is that it should have two 
functions. The ecological solar house 
simultaneously represents both a solar collector 
and a heat storage. The advantage when designing 
this type of a house is the optimized and reduced 
consumption of solar energy. This refers in 
particular to heating and lighting of the ecological 
house [13]. The technique of the passive solar 
approach currently represents the best manner of 
using solar energy, since it does not require the 
investment of electrical energy. It is largely 
economical and efficient. Moreover, the 
technology applied is entirely ecologically adjusted. 
The passive ecological house is a structure in which 
internal climate can be adjusted without using 
active heating or cooling systems [14]. The house, 
heated or cooled automatically is a “passive” 
house”. For passive buildings in Europe, the 
definition of an ecological passive house is that the 
annual consumption of energy related solely to 
heating would be less than 15 kWh/m2 [15]. This 
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type of optimization of heat energy should not be 
achieved by the increased consumption of another 
kind of energy, for example electrical energy. In 
accordance with the research of the authors [15] 
the consumption of the overall primary energy for 
all the needs of the living area of a passive house in 
Europe generally does not exceed 120 kWh/m2 for 
heating, hot water and electrical energy for the 
household.  
 

 
a)  

 

 
b)  

 

Fig. 1. Projection of ecological solar house 
a) look from above and b) side view 

 

The designed house is independent, individual 
on two levels (P+1). On the first level, ground floor, 
there is a living room, a study room, as well as 
rooms for storing energy and facility rooms (Fig.2). 

On the second level, the first floor, there are 
bedrooms, facilities and a solar gallery (Fig.3). 

The applicable options for the passive use of 
solar energy are: floor heat storage, heating 
through air collectors, spectra-selective surface, 
exterior reflective surface, interior reflective 
surface, glass veranda, water wall “trans wall”. In 
order to make the entire process of planning and 
construction sustainable, in the designing phase of 
the ecological solar house ecological materials 
have been used with the adequate thermal 
accumulation and acoustic properties (Fig.4).  

 

Fig. 2. Ground floor layout 
(1- Entrance, 2- Stairs, 3-Solar gallery, 4- Living room, 5- 

Dining room, 6- Kitchen, 7- Toilette, 8- Atrium, 9- 
Storage room, 10- Garage) 

 
 

 
Fig. 3. First floor layout 

(1. Stairs, 2- Solar gallery, 3- Master bedroom, 4- 
Bathroom, 5- Nursery, 6- Atrium, 7- Balcony) d) Vertical 

cross section) 

 
 

 
Fig. 4. Vertical cross section 

 
POS 1 

Swimming floor, Channel for hot air flow, 
Thermal isolation, Unarmed concrete, Hydro 
isolation, Concrete of weaker brands,Tampon 
gravel, Charged soil. 
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POS 2 
Prolonged mortar, Interconnected construction, 

Layer for a fall, Thermal isolation, Separation layer, 
Hydro isolation, Protection of waterproofing. 
 
POS 3 

Cement slate, Unarmed concrete, Floor heat 
storage, Thermal isolation, Unarmed concrete, 
Hydro isolation, Concrete of weaker brands, 
Tampon gravel, Charged soil. 
 

The advantage of using these materials is in the 
fact that these can be recycled. The construction 
system of the designed ecological solar house is a 
skeleton one, and the special element, dominant 
verandas, are executed in thermal glass slanted 
and in accordance with this, they provide an 
elongated form of the structure and transparency 
of the facade. In order to allow a better passivity of 
the ecological solar house low and three-fold glass 
has been used and superinsulation frames have 
been executed without thermal suspension. By this 
kind of designing of the ecological solar house 
more natural heat energy is obtained than usual, 
i.e. better energy heat efficiency is provided. When 
designing the ecological solar house a method of 
geometry is applied. This method particularly 
refers to designing facades in a form of slanted 
panels placed in the formation of a double shell. 
The double shell allows circulation of air through 
stone heat accumulator and its return though the 
central air compartment into the interior of the 
object. This principle allows heating in winter, 
cooling of air in summer in the ecological solar 
house, resulting in both energy efficiency and 
energy saving. 
 
2.1 Scheme of ecological house characteristic 

stream of hot-cold air in winter period  
 

During the day the heated air from the air 
collectors naturally circulates into gravel heating it, 
and cool air from the gravel passes to the collector. 
Hot air is from the glass veranda transmitted by 
fans to the heat storage under the structure’s floor. 
The lids in the rooms are open so the hot air is 
immediately absorbed in the rooms. Deciduous 
trees do not prevent passage of sun rays towards 
the structure (Fig.5a).  

During the night the lids in the rooms are open, 
so that the hot air from the heat storages heats the 
house rooms. Interior curtains prevent waste of 
heat. Heating of the solar gallery located on the 
floor is performed through a glass veranda and a 

water wall called “trans wall”. During the day the 
entire volume of water absorbs sun rays, while 
during the night the heat is transmitted to the 
interior of the house [16]. During the winter period 
heat is also partially absorbed during the day 
(Fig.5b). 

 
 

 
a) 

 

 
b) 

Fig. 5. Scheme of ecological house characteristic stream 
of hot-cold air in winter period 

a) Day and b) Night 

 
2.2 Scheme of ecological house characteristic 

stream of hot-cold air in summer period 
 

In the summer period during the day, as in 
winter, the heated air from the air collectors 
circulates into gravel, and cool air from the gravel 
passes to the collector. The transmission of the 
heat from the glass veranda by means of the heat 
storage is identical to the one of the winter period. 
Hot air naturally heated in the rooms by natural 
circulation passes through the glass veranda and 
the channels for air stream and is partly stored in 
the layer of gravel under the floor of the structure, 
and partly is discarded through windows [9]. 
Curtains, deciduous trees, heat inertness of large 
masses, and natural ventilation prevent 
overheating (Fig.6a). During the night the lids in 
the rooms are open, so the hot air from the heat 
storages heats the house rooms. Thus, the gravel 
radiates heat and warms the room, while the cool 
air passes to the grass veranda (Fig.6b).  
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a) 
 

 
b) 

Fig. 6. Scheme of ecological house characteristic stream 
of hot-cold air in summer period 

a) Day, b) Night 

 
3. THE PROCEDURE OF PASSIVE SOLAR APPROACH 
 

The principles of the passive solar approach 
have been mentioned in the previous part of the 
text. In the designing phase of the ecological solar 
house some of the following principles proved as 
energy efficient have been applied. River gravel 
deposited below the house floor has been used as 
the ground storage of heat. Hot air from the glass 
veranda is, by means of fans, transmitted to the 
gravel under the floor of the room in accordance 
with the paper od the author [17]. Warm gravel 
emits heat into the room, while the cool air during 
the night returns to the glass veranda (Fig.7a, 
detail 1). During the day the heated air from the air 
collectors naturally circulates into the gravel 
heating it, and cool air from the gravel passes into 
the collector. On this occasion the openings on the 
surface in the interior of the room are closed, 
which is the recommendation of the author [18]. 
During the night or winter, the lids in the room are 
open, so the warm air from the storage heats the 
living rooms (Fig.7a, detail 2). During the day the 
selective surface collects heat with the minimal 
wastes of 3-5%. The heat contained is during the 
night released into the object by the surface 
(Fig.7a, detail 3). The interior reflective surface is 
set under the glass surfaced in the south, on the 
ground floor which was found as optimal in the 
author’s work [19]. As in the research of the author 

[20] the reflective surface is made of special 
materials that reflect light. Its role is to increase 
the amount of sun rays on the solar collectors 
during the winter period and thus lead to better 
heating of the object and energy saving (Fig.7a, 
detail 4). The exterior reflective surface is of the 
same role as the interior one, its role being to 
increase the amount of sun rays in the house in the 
winter period and heat it thereof [21] (Fig.7a, 
detail 5). Glass veranda, as an integral part of the 
solar architecture, is set in the south of the 
ecological solar house. By means of a glass veranda 
the direct and diffuse sun rays approach is 
conducted, which is proved efficient [22]. Warm air 
from it is by fans transmitted to the heat storage 
(Fig.7b, detail 6). The water wall within the 
ecological solar house had a role of absorption of 
sun rays and storage of heat and is proved efficient  
[23]. During the day the entire volume of water 
absorbs sun rays, while during the night the 
radiance is emitted to the interior of the house, 
thus leaning to energy savings [24], (Fig.7b, detail 
7). 

 
a) 

 
b) 

Fig. 7. Passive solar approach 
a) 1- Groung heat storage, 2- Heating through air 

collectors, 3- Spectral-selective surface, 4- Exterior 
reflective surface, 5- Interior reflective surface 

b) 6- Glass veranda, 7- Water wall "trans wall" 
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4. DISCUSSION AND FUTURE RESEARCH 
 

The result of the designing and construction of 
the ecological solar house presented in this paper 
is significant saving of heat and solar energy. A 
significant role is ascribed to the implementation 
of ecological materials, with the possibility of 
recycling, as well as the application of the optimal 
designing principles and methods elaborated on in 
the previous part of the text. The ecological solar 
house designed in accordance with the provided 
principles would last longer. Key reasons for 
building an ecological solar house in Vojvodina are: 
 Over 55% of all energy consumption is 

consumed in households in the form of 
electricity, out of which a big part is used for 
sanitation water heating [1]; 

 Costs for sanitation water heating are 
reduced for around 60–70% annually, which 
leads to better household revenues [1]; 

 Increased employment in the area of 
building and servicing of solar ecological 
house; 

 By building ecological solar houses, we are 
getting closer to the norms of European 
community about the ecological point of 
view and with uses of solar energy. 

 
The positive characteristics of designing and 

construction ecological solar house, apart from 
those stated in the previous part of the text, are 
financial and economic savings. Taking into 
account that the ecological materials and solar 
energy are used, financial savings are achieved. 
Besides, the advantage is that with designing and 
construction of such a structure an ecologically 
healthy residential area is obtained. The particular 
attention is put on natural cleaning of air in the 
rooms of ecological solar house. This is achieved 
with a minimal application of glass shells in the 
form of frames. One of the negative characteristics 
of designing ecological solar houses is related to 
the particularities of the choice of location. Taking 
into account that the construction of this type of 
object represents improvement of a common 
residential area, occasionally its construction 
requires more time. In addition, the calculations 
need to be performed with significant precision 
and all this requires the engagement of experts. 
Small discrepancies during construction can lead to 
big loses in terms of money and time. Also, in the 
construction phase of ecological solar house it is 
necessary to timely procure the optimal supply of 
recycling materials. The shortcomings of designing 

the ecological solar house are: the lack of funds for 
financing of building installation, low 
understanding of possibilities and uses of solar 
energy, low information level in the population 
about the possible application of energy of the Sun, 
prices of the equipment, energy, and economic 
effects, low economy standard in Serbia, relatively 
low prices of electric energy. 
 
5. CONCLUSION  
 

This paper provides a representation of 
designing energy efficient and ecologically passive 
solar house in view of improving the common 
residential area in the variety of aspects. The goal 
is to improve the residential area in terms of 
energy and ecology. This paper presents the basic 
principles and methods of designing such a type of 
residential structure. The particular attention has 
been paid to savings of energy, both solar and heat 
one. Also, the focus has been put on the ecological 
aspect of the designing of a solar passive house. 
This particularly applies to usage of material which 
can be recycled and reused. In accordance with 
this, there are also financial benefits gained. Apart 
from the aspects of energy, ecology and finances, 
this paper focuses on economic viability of 
construction of an ecological solar house which 
proved optimal. The choice of the location in this 
paper proved optimal and applicable to all the 
elements necessary for successful and energy 
efficient construction of this type of residential 
structure. In the end, the conclusion can be 
reached that the designed solution successfully 
complied with all the requests set.  
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