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Abstract: Conventional energy recourses cannot be used perpetually consequently the pace of our planet’s development 
urges us to use renewable energy sources such as solar energy. Solar energy usage for heating domestic water and 
living space can reduce the consumption of the conventional sources as well as lessen the environment pollution. This 
obviously results in significant home budget savings, which in the case of global economic crisis, is of even greater 
importance. Solar energy is available and free for everybody. In order for people to tame it and make use of it, solar 
energy systems are needed. This paper will illustrate how it is possible to use the optimum solar energy employing the 
TRIZ methodology. 
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1. INTRODUCTION 
 
Energy efficiency implies a series of measures needed to 
be undertaken in order to reduce energy consumption. 
The term energy efficiency has two possible meanings: 
one refers to technical appliances, while the other refers to 
the certain measures and behaviours. A certain appliance 
can be referred to as energy-efficient if it achieves a high 
level of useful efficiency, that is, if it has little or no 
energy loss during the transformational process. The 
ultimate aim is to reduce energy consumption to a 
minimum while retaining the comfort level or even 
increasing it. When savings come to mind, the first 
association is renunciation, while efficient energy usage 
leads directly to the increasing life standards, economic 
competitiveness, and energy safety. The result of the 
increasing efficiency is the significant savings in the 
financial aspect, however; the direct influence of the 
environment preservation should not be disregarded 
bearing in mind that it does not disturb working and 
living conditions. 
The improvement of energy efficient systems for heat and 
electric energy supplying is achieved by introducing new 
equipment or dismantling the old one and replacing it 
with the new equipment which has a higher level of 
efficiency. These kind of measures are characterized by 
the necessary investments which allow a significant 
increase in the energy efficiency in a short period of time, 
thus by the achieved savings financial means are provided 
for the investment retrieval. 
 
2. THE NECESSARY CONDITIONS FOR 

ACHIEVING ENERGY EFFICIENCY IN A 
BUILDING 

 
Energy-efficient building is a building which uses the 
minimal amount of energy while enabling working and 

living space comfort and, at the same time, the pollution 
is reduced to a minimum as well as the costs. The 
investment for such a building is about 10% higher than 
that of the average building, however; after eight years the 
cost is equalized and it reduces over the period of time. 
Energy efficiency in a building is achieved if certain 
conditions are present: 
 Minimal working and living space comfort is 

provided. 
 Energy consumption for heating, cooling, ventilation 

and lighting does not exceed maximal allowed values 
per square meter defined by law. 

 Comfort regarding living conditions includes all the 
conditions in a building which make a person feel 
pleasant and comfortable. These may include: heating, 
air, light/visual, sound, space and aesthetic conditions.  

A variety of measures can be undertaken in order to 
improve energy efficiency in already built objects. 
Small repairs in order to reduce heat emission: These 
measures usually imply substitution, repair or 
improvement of thermal insulation. This can be achieved 
without consulting experts. It is needed to hire a 
professional company to carry out the work. The expert in 
this field can give an opinion regarding energy efficiency. 
Energy logistics reconstruction: A precondition for this 
undertaking is an extensive and thorough expert 
testimony. Thermal insulation improvement involves 
alteration regarding energy-efficiency equipment which is 
either outdated or outworn. 
The most radical intervention is technological alteration: 
This is based on the energy analysis of applied 
technologies. This undertaking is usually applied in case 
of already existing solutions for new energy-efficient 
technology which is more rationally used. After the 
project is designed there is an alteration in the 
technological concept, technological equipment, energy 
equipment, and energy distribution network. 
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Prior to all of these undertakings is a necessary economic 
analysis. It is necessary to anticipate the amount needed 
for the investment and calculate the savings which will be 
achieved along the process. The period of time needed to 
pay for the investment using the dynamic processes 
(inflation and interest rates have to be considered) has to 
be calculated. This is, virtually, a new business plan. It is 
often the case that the biggest financial investments, 
technological alterations, lead to the fastest investment 
payoff. Energy-efficiency in a building should be 
calculated on the basis of unique and frequently alterable 
methodology which differs in each region. Methodology, 
along with thermal insulation, has to include other 
prominent factors such as heating, cooling, and renewable 
energy sources installments. The buildings will have a 
long-term impact on energy consumption. Therefore, the 
new buildings have to adjust to minimal demands in terms 
of energy efficiency, each adapting to its local laws. 
Average energy consumption in Serbia is over 150 
kWh/m² a year, while in developed European countries it 
is even under 50 kWh/ m².  
The most frequently used measures to reduce the loss of 
energy and increase energy efficiency are: 
 heating insulation, 
 substitution of the worn out joinery,  
 substitution of inefficient appliances,  
 incorporating appliances for measuring and regulating 

energy consumption, 
 substitution of non renewable sources with renewable 

energy sources, 
 tariff systems establishment by the distributors to 

encourage energy savings. 
 

3. FAMILY HOUSE DESCRIPTION 
 
It is necessary to build in solar water heating (SWH) with 
the fallowing equipment in a 230m² family house 
comprised of five members in order to heat the water and 
increase energy efficiency. The house walls have a 
complex structure comprised of the fallowing materials: 
lime mortar, hollow brick, Styrofoam, air layers, concrete, 
and stucco. For heating, a water heating system is 
installed (90/70°C) and as a result produces hot water by 
coal combustion in a 32 kW boiler. 90 °C water obtained 
from the process is sent by the forced circulation into the 
pipe network and is taken to heating appliances installed 
into each of the rooms. After air heating 70 °C water is 
returned into the boiler to start the process all over again. 
In the wintertime the energy obtained from the boiler 
combustion is used for heating, while in a non-heating 
season the electric heater is used. Heating energy is 
obtained from the coal combustion that of a low heating 
value 17 000 kJ/kg. The coal is bought by the purchased 
price at the depository and stored at the coal yard. In order 
to meet the requirements per one heating season it is 
necessary to purchase 10.68 tons of coal by the price of 
11900 dinars per one tone of coal which is a serious blow 
for the family budget. Building in a solar system for water 
heating reduces coal consumption significantly and 
harmful emissions while it helps increase the family 
budget savings. 

In the summertime the electric heater is used in order to 
meet the requirements for water heating which increases 
the bill for electric energy consumption. All these 
problems could be avoided by the usage of solar power 
systems.  

 

Fig.1. The appearance of a residential building 

In 80% of the case, SWH is used specifically for water 
heating. The reason for this is high water consumption 
throughout the year and relatively low temperature 45-60 
ºC. The system is properly designed if the yearly amount 
of the used solar energy corresponds to the needed 
amount of energy for water heating, 50-60% for small 
solar power energy systems and 30-50% for average solar 
power systems. A demand for a greater amount of solar 
energy would imply a solar system with grater dimensions 
(especially during the summer period) which would have 
a disproportional relation between the investment funds 
and energy gain. During the summer period SWH heats 
water without the usage of either boilers or electric 
heaters. The water temperature ranges from 45-60 °C.  
The first step in deciding the dimensions of the solar 
power system is to determine the size of the boiler. The 
estimation would have to take into consideration the 
average water consumption which is 50l per person 
considering houses and small tourist objects. The number 
of the receiver and the size of the solar station are 
determined based on the size of the boiler. If it was a 
reverse process there would be a possibility that the boiler 
would not be of the convenient size. In that case, mostly 
in the summertime, there might be the receiver overload. 
Solar energy system can last up to 30 years. 
 
4. APPLIANCES FOR COLLECTING AND 

CONVERTING SOLAR ENERGY 
 
Solar radiation to the surface of the Earth is about 50 
million megawatts which exceeds our civilization needs 
by more than ten thousand times. The sunshine, as a direct 
source of energy, could be used and converted applying a 
variety of techniques. Appliances which collect and 
convert the Sun’s heat (infrared spectra) into heating 
energy are solar thermal collectors (STC).   
STC could be divided into two groups based on the heat-
transport fluid: 
 Solar water heating (SWH) for water heating, 
 Solar air heating (SAH) for the direct air heating. 
According to the temperature of the heat-transport fluid 
and the shape of the collector there are: 
 Low temperature collectors (flat plate collectors, 

evacuated tube collectors) 
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 High temperature collectors (parabolic dish, compact 
linear Fresnel reflector (CLFR), solar power tower, 
plate concentrators). 

Solar water heating system consists of STC (one or 
several), heat reservoir (thermal insulated boiler with heat 
regulators), and the rest of the equipment (the pump, 
pipes, thermostat, etc.) STC is an insulated box with one 
transparent absorber plate under which there are water 
tubes. The pipes are connected to the sheets, the so-called 
wings, which make up the entire interior surface of the 
collector. The sheets which are cheaper and less efficient 
are made of aluminum, whereas the more efficient and 
expensive ones are made of copper. The wings which are 
painted black are attracting the solar radiation which 
passes through the transparent side and hits the black 
surface of the metal wings converting it into thermal 
energy. The obtained thermal energy is transferred from 
the metal wings on the tube and heats the water which 
passes through the tubes. Heated water is drained into the 
reservoir where heat accumulates. It is important that the 
tank is insulated and kept warm thus reducing energy loss. 
The temperature on the collector depends on the season 
and the amount of solar radiation in the area. During the 
average sunny summer day the temperature in the 
collector reaches from 60 ºC to 80 ºC. During the cold but 
sunny winter day the temperature varies from 50 ºC to 65 
ºC, while during the warm and cloudy day it reaches from 
20 ºC to 30 ºC, and during cloudy and cold day it reaches 
from 10 ºC to 15 ºC.  
STC are most frequently built on the roofs of the houses, 
terraces, or gardens and directed to the south side with the 
variation of ± 30°. Hot water reservoir should not be too 
distant from the collector which heats it in order to reduce 
energy loss in joining pipes as much as possible.  
 
5. SOLVING TECHNICAL CONTRADICTIONS 

BY USING TRIZ METHOD 
 
Solving technical contradictions are achieved through 
application of the Altshuller's matrix that contains 
principles for resolving contradictions to which Altshuller 
came by observing patent documents during his stay at 
the Patent Office of the USSR. The matrix contains 39 
contradictions and 39 technical parameters. One purpose 
is to increase one parameter while the second one does 
not increase and both parameters are directly dependent. 
The answer to the contradiction offered principles that 
differ depending on the contradictions [5]. 
Technical parameters for the improvement are: 
27-Reliability 
Unwanted changes that increase: 
2 - The mass of immovable objects 
8 - Volume of immovable objects 
13 - Stability of the structure of objects 
38 - Extent of automation 
Unwanted change that increases: 
36 - Device complexity  
39 – Productivity 
Unwanted changes that increase: 

30 - Harmful factors that affect the outside object 
22-Loss of energy 
Altshuller principles that are used in the paper are 10, 11, 
12, 16, 22, 24, 25, and 36. 
 

5.1. Implementation of the principles for 
resolving contradictions system 

The first contradiction: To increase the reliability of the 
system but that at the same time not increase the mass and 
volume of movable objects. 
Based on the obtained principles can be adopt the 
following conclusions for the solution of this 
contradiction. The principles that are used here are 10, 16 
and 24. 
Principle 10. The principle of prior action. Can be used 
the principle of 10b as follows: 
b) Facilities are already adjusted or set to operate on the 
specified place without wasting time. 
Solar thermal collectors should be set to allow in the case 
of a sufficient amount of solar radiation to take over 
production (generation) of the required amount of hot 
water to supply the specified object. 
Principle 16. The principle of partial or excessive action 
as follows: 
When is difficult to achieve 100% of the required effect, 
it must be '' a little less '' or '' something more '' achieved. 
In the winter period the solar thermal collectors have no 
possibility of achieving 100% of the work, due to the 
reduced number of sunny days. In this period it is 
necessary to include in the work additional heaters that 
make up this deficiency. In this way would be received 
again a sufficient quantity of hot water to supply all 
consumers. 
Principle 24. Principle of '' intermediary'': a) Use an 
intermediate carrier to provide necessary actions if it is 
not possible to use existing objects or parts. 
At the receiver of solar energy it is the solar fluid 
intermediaries. The heat is transferred to the water by 
liquid, and then that water is transmitted to consumer. 
The second contradiction: To increase the degree of 
automation of the system but without increasing 
complexity of structure. 
Based on the obtained principles can be adopt the 
following conclusions for the solution of this 
contradiction. The principles that are used here are 12, 25 
and 36. 
Principle 12. Principle equipotentiality: The working 
conditions are so changeable that the object can not to 
descend or to rise. 
Solar thermal collectors are set at an angle to the fixed 
surface and cannot be moving (lowering, lifting or rotate). 
Principle 25. Principle of self-service: b) waste products 
(energy, materials) can be used. 
In this way, the solar energy utilization is done in order to 
get heat energy. In the days when it is not necessary 
thermal energy for space heating it is possible to used 
thermal energy to heat swimming pools or water for 
showers. It is necessary to take advantage of all possible 
ways what nature provides for free and unconditional and 
not throw out or do not use it.  
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Principle 36. Principle phase transitions: Use physical 
phenomena accompanied by phase transitions: change of 
volume, emission or absorption of heat, etc. 
The application of this principle is directly linked to the 
implementation of the principle of 25. 
The third contradiction: Increase productivity despite the 
adverse factors that are induced in the object, harmful 
factors of external influence on the object. 
The principles that are used here are 22 and 11. 
Principle 22. Principle of translation harmful to 
beneficial: a) Harmful factors (especially the harmful 
effects of environment) are used to achieve a positive 
effect, and c) Amplify the harmful factor to such degree 
so that it would stop to bring harm to your object or 
environment.  
A large amount of solar radiation that can be damage to 
the environment can be positively used to obtain useful 
energy. The larger the number of sunny days there is a 
higher possibility of utilization of solar energy devices. 
Increasing use of receiver of solar energy is directly 
related to the increase of energy efficiency of the entire 
object. 
Principle 11. Principle of '' Early Cushioning '':  If your 
object is unreliable, create conditions in advance that will 
prevent the object. 
The absorber is the most important part of the receiver of 
solar energy. Because of its importance for operation of 
solar thermal collectors it is done protection of the 
absorber in the way that absorber cover is made of glass 
or plastic. In this way, the absorber is protected from 
mechanical stress and atmospheric influences. 
 
6. RESULTS OF THE ANALYSIS 
 
On the existing heating system of the household it is 
justified the application of Principle 10, the principle of 
prior actions and also the principle 11, principle of '' pre-
planted pillow''. Heating systems are continually being 
refined and improved, and thus the previously effect 
accelerates. Also, each system has its own heating system 
security to avoid disasters. 

Table 1. Price produced heat energy 

 
The amount of 
produced heat 
energy [kWh] 

Price [din] 

The boiler 
that use coal 

82432 127092 

Solar 
thermal 

collectors 
4260 - 

In this paper for the heating season is calculate heat 
balance of energy consumption for 184 days (October, 
November, December, January, February and March), 
assuming that the active operation of the boiler during the 
day is 14h. Results are that during this period the boiler 
produces 82,432 kWh of thermal energy. For the same 
time period by setting the receiver of solar energy 

receives the heat energy of only 4260 kWh. It is noticed 
that the use of solar thermal collectors for heating is not 
justified. The Table 1 exactly shows that. 
 

6.1. Use of solar thermal collectors for the purpose 
of heating consumable hot water in summer 

In this section detailed attention was given to the principle 
16, when you need 100% to take advantage of STC. Also 
principle 26 can be applied for the use of STC reduced to 
self-handling.  
The summer season was calculated for 182 days (April, 
May, June, July, August and September). During this 
period, the quantity obtained by the solar heat energy is 
also 4260 kWh. 
For the purposes of consumable hot water in the summer 
months of the current system needs to consume 
electricity. Taking arithmetic mean of the electricity price 
between the price of high tariffs and prices for low rates 
obtained a value of 6.5 din / kWh. When this is calculated 
based on the obtained solar energy in summer savings 
achieved is 27690 dinars. It can be seen that this is a 
significant savings for a five-member household. For 
system that works with STC in the summer period there is 
no spending costs for consumable hot water. Therefore 
the recommendation of this paper is to go with a more 
intensive installation of STC to the already constructed 
objects. 
 

6.2. Comparative analysis of plate STC and 
vacuum STC 

The following diagram shows the efficiency of plate and 
vacuum STC depending on the temperature. 

 
Fig.2. Summary diagram 

From the diagram it can be seen that greater efficiency 
reaches vacuum STC compared to plate STC. Vacuum 
STC have less tilt curve on diagram and thus retain to 
better characteristic curves for higher temperature range. 
For preparation hot water, temperature difference between 
the STC and the ambient temperature is up to 50 ° C. In 
that section, the diagram shows that vacuum STC has 
greater efficiency even for 10%. A higher degree of 
efficiency STC leads to huge economic savings. When it 
comes to low temperatures can be seen that the plate STC 
is more efficient, however, for consumable  hot water 
should be achieved a temperatures greater than 50°C and 
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in this section is seen a sharp drop in efficiency curve of 
plate STC. 
Performed analysis of one panel and two vacuums STC 
with tubes was done [5]. As a representative of plate STC 
was considered a STC following characteristics. 

Table 2. The basic characteristics of the Solar Thermal 
Collector (STC) 

Type of STC system 
auroTHERM VFK  

145V/H 
Dimensions HxWxL 1233 x 2033 x 80 mm 

Net surface 2,35 m² 
Weight 38 kg 

Capacity of absorber 2,16 l 

For vacuum STC were used solar receivers following 
characteristics. 

Table 3. Basic characteristics of vacuum STC 

Type of STC 
auroTHERM 
exclusivVTK 

570/2 

auroTHERM 
exclusivVTK 

1140/2 
Number of 

pipes 
6 12 

Dimensions 
HxWxL 

0,7 x 1,64 x 0,1 
m 

1,39 x 1,64 x 
0,1 m 

Net surface 1,0 m² 2,0 m² 

Weight 19 kg 37 kg 

Capacity of 
absorber 

0,8 l 1,6 l 

Table 4. The degree of efficiency depending on the 
temperature difference 

Temperature 
difference 

between STC and 
the environment,  

∆T [ºC] 

Efficiency 
degree of plate 

STC, η[%] 

Efficiency 
degree of 

vacuum STC, 
η[%] 

0 80 65 

10 75 64 

20 72 62 

30 68 61 

40 63 60.5 

50 58 60 

60 54 59 

70 48 58 

80 42 57 

90 38 56 

100 30 55 

After analysis of mentioned STC, the obtained results are 
given in table 4. From the table it can be concluded that 

vacuum STC have less change degree efficiency for the 
entire range of temperature while it is not the case with 
plate STC. In plate STC technology change of degree 
efficiency goes up to 50 %, while at vacuum STC that 
change is only 10 %.  From this it can be concluded that it 
is better to apply a vacuum STC because they can be 
applied to a wider range of temperature. 
From Figure 3 it can be clearly seen that it is significantly 
higher degree of efficiency of vacuum STC type 
auroTHERM exclusive VTK 570/1140. For the purposes 
of consumable hot water, when the temperature difference 
between the receiver and the environment exceeds 50 º C, 
vacuum STC for each temperature difference gives 
greater efficiency.  
Based on the above, the proposal of this paper is to be 
installed vacuum STC. Vacuum STC whose 
characteristics will satisfy the needs of a five-member 
household is auroTHERM Exclusive VTK 570 [6]. 
Shown solar system covers 70% of annual hot water 
needs.  

 
Fig.3. Efficiency of analyzed solar collectors 

To satisfy the needs for consumable hot water must be 
installed boiler capacity of 350 liters in combination with 
three vacuum STC.  
As for Altshuller's principles are concerned, is satisfied 
principle 24, principle intermediaries, as an intermediary 
in the transfer of heat received from the Sun on the hot 
water systems is used solar liquid.  
Principle 12 is satisfied, principle of equipotentiality, STC 
should be placed on the flat roof so the support 
construction prevents movement, lifting or lowering. 
Principle 36 is satisfied, principle of the transitional 
phase. It uses heat transfer from the Sun to warm up the 
solar liquid, which further serves to heat water. 
In addition to the task to keep the radiated energy in the 
space of STC, cover glass or plastic has the task to protect 
the absorber from mechanical damage and environmental 
impacts. This part increases the efficiency and reliability 
of the entire solar system which satisfies the principle 11, 
principle "principle previously planted cushions." 
 
7. CONCLUSION 

 
Considering the fact that solar energy is completely free, 
as well as the geographical position of  Serbia, which is 
conducive for its use, more efficient use of solar energy 
should be an imperative in the future. Installing STC or 
solar cells on the roofs of houses and buildings almost 
have no negative impact on the environment. In Serbia, 
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there are more than 2000 hours of sunshine per year, 
according to the Ministry of Energy, which is higher than 
the European average. Region of Southeast Serbia (near 
Vranje, Nis and Kursumlija) is very suitable for the 
exploitation of this type of renewable energy. 
Solving the technical contradictions by applying the TRIZ 
method led to the results that provide increased energy 
efficiency and cost reduction in the production of of 
consumable hot water. Purpose and application of TRIZ 
method are precisely that, to find an adequate solution to 
the problem, which will enable more efficient operation 
of the entire system, in this case, increasing the energy 
efficiency of the family house. 
By applying TRIZ method and based on the obtained 
results it can be concluded the following: 
 The application of solar energy can increase the 

energy efficiency of the building, 
 The use of solar energy is justified for consumable hot 

water, 
 For a given object the application of vacuum STC is 

the best way to use solar energy for the consumable 
hot water. One of the reasons is that the vacuum is an 
excellent insulator, and the other comes from the 
construction of tube STC, which enable better 
absorption and utilization of the sun's rays at different 
angles of intrusion, ie. different positions of the Sun. 
Installation of vacuum STC is simple because the 
frame of the receiver is easier to set up, and the tubes 
can be subsequently  placed in the box. On the 
contrary, the installation of a plate STC on the roof  
can be more complicated, because of its weight, 

 It is necessary to develop public awareness about 
renewable energy, because if every household in the 
country has at least one unit of STC, which would 
heat the consumable hot water, it would save an 
enormous amount of conventional energy. That would 
be a significant relief in the power system of the state. 

 

In the end, it can be said that the application of TRIZ 
method can make significant savings in the household 
budget and that it is necessary to continue work on the 
development of existing solar systems in order to increase 
levels of efficiency and hence the savings. 
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