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Abstract:

The paper presents and analyzes the efficiency of a solar plant for the
production of thermal energy, ie the preparation of hot water (DHW) in the
hospital in Subotica. At the analyzed facility, solar collectors provide the
complete needs of the hospital for hot water from spring to autumn, while
in the second part of the year, the required thermal energy is obtained from
additional sources. The solar plant consists of 144 solar collectors, where
the total gross area of the collector is 362.6 m? and the installed power of
the plant is 253.8 kW. During the analyzed period from 2014 to 2017, a total
of 558 MWh of thermal energy was produced, ie energy equivalent to
58,613.43 kg of fuel oil was saved. This thermal energy was used for the
needs of the kitchen, laundry, central sterilization, heating of the operating
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1. INTRODUCTION

Energy and energy consumption is continuously
growing in both developed and developing
countries [1], so that dependence on imported
fossil fuels continues to increase, which has a
negative impact on security of energy supply. This
increased consumption of fossil fuels also has a
negative impact on the environment and the
global warming process [2,3]. In order to reduce
these impacts, all countries should invest in
renewable energy sources and energy efficiency
[4].

In Europe, heat demand in the industrial sector
has exceeded 27% [5], while the building sector
consumes about 55% of heat energy for heating
and cooling [6]. In the sector of hospital buildings,
they continuously consume large amounts of
energy for the needs of heating, cooling, lighting,
etc. [7-10]. For example, hospitals in America
consume 2.6 times more energy than other office
buildings [11]. Thus, in some countries in Australia,

hospitals consume more than half of the energy of
the entire public sector [12], while in Spain, for
example, the need for hospitals for solid waste is
approximately 15% of heat consumption in
hospitals [13].

Solar energy is a renewable resource that is
available for the use and substitution of significant
qguantities of conventional energy forms, but its
use is limited by technological, economic and
geographical categories. Technological categories
are reflected in the fact that for now the highest
coefficient of utilization of solar systems is to
convert the heat of solar energy radiation into the
heat of heating solid waste through solar collectors.
Solar thermal installations are mainly used in
agriculture (for drying various agricultural
products) and hospitals (for the preparation of
solid waste, sterilization of medical equipment
[14,15], heating swimming pools for rehabilitation,
space heating and other thermal processes in
which operating temperatures move up to 100 ° C).
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Solar energy is a huge energy source that can
meet energy needs for a very long time. The
energy of the Sun, which reaches the surface of
the Earth and is free for only 6 hours, is enough to
meet all the world's needs on an annual basis.
Ecologically speaking, solar energy is clean energy
whose energy technologies are not polluting the
environment and is a resource that every country
has at its disposal without import dependence. The
average annual solar radiation in the Republic of
Serbia is around 1,200 kWh/m? in the north of the
country, in the central part about 1,400 kWh/m?,
and in the south of the country about 1,550
kWh/m? per year. [16,17]. The Republic of Serbia
has more than 2,000 hours of sunshine a year,
which is significantly more than the average in
European countries, and solar energy is used much
less in practice compared to European countries
[14].

For decades, the design of solar energy
receivers has been focused mainly on maximizing
energy efficiency while minimizing production
costs. To this end, dozens of different types of
solar collectors with different design
characteristics have been developed, one such
collector Vitosol 100 - F, type: SH1 manufactured
by "Viessmann" is presented in the paper.

2. MATERIAL AND METHOD OF WORK

The aim of the research in this paper is to show
the amounts of thermal energy that can be
obtained from the solar thermal system (in the
hospital in Subotica) for the production of solid
waste in the period from 2014-2017 years. This
research sought to show the justification of the
solar system and the savings that can be achieved
in relation to equivalent tons of fuel oil.

2.1. Solar collectors

For the needs of solid waste production in the
hospital, the Vitosol 100 - F solar collector, type:
SH1, manufactured by "Viessmann", was used. The
absorber area of this collector is 2.32 m? (gross
area 2.51 m?). These types of solar collectors can
provide up to 60% of the need for solid waste
during the year.

The project of installing solar collectors for the
production of solid waste in the hospital in
Subotica was financed by the Secretariat for
Energy and Mineral Resources of the Autonomous
Province of Vojvodina. The basic characteristics of
a solar plant are:

v consists of 144 solar collectors,

v’ the total gross area of the collector is 362,6
m?,

v the total heating surface of the collector is
335,4 m? and

v" the installed power of the plant is 253,8

kw.

From spring to autumn, solar collectors provide
the complete needs of the hospital for solid waste,
while in the winter period, when there is no solar
yield, the needs for solid waste are provided from
additional sources. In the winter period, the
heating of solid waste is done with the help of
block boilers "BKG 25 TPK Zagreb" which uses fuel
oil as an energy source and the steam boiler
"Viessmann 200 HS" which uses natural gas as an
energy source. These boilers produce technological
steam for the needs of kitchen work, laundry,
central sterilization, heating of the operating block,
etc.

In the winter period, the inflow of steam from
the boiler room (to natural gas) is automatically
opened via an electric motor valve, which heats
the water in the boilers via pipe exchangers.

The complete project of the solar plant is made
in such a way that the space under the solar
collectors is used for parking for cars of employees
and patients, Fig.1. The parking lot designed in this
way protects vehicles from the strong influence of
the sun's rays, rain, etc.
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Fig. 1. Solar collectors and car parking
2.2. Other equipment in the solar system

It is used in the system as a working fluid -
typhoid circulating in the system. The working fluid
drives the pump from the solar collectors to the
plate heat exchangers. Thermal energy is stored in
the accumulation tank for storage of solid waste
with a volume of 18 m?3, Fig.2. The temperature is
measured in the tank by probes where the signal is
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sent to the PLC controller in which the measured
temperature is compared with the setpoint and an
order is given to turn on the circulation pump that
delivers water to the pre-boiler which further
distributes water to TPV boilers.

Fig. 2. In the system as a working fluid is used - typhoid
which Accumulation tank of hot water heated via solar
panels

Sensors with thermometers are located on solar
collectors and they record the temperature of

solar radiation, ie measure the temperature of the
working fluid (tifokor) from where the signal is sent
to the control unit where the data is processed via
PLC and based on the set temperature difference
to turn on and start the working fluid.

Of the other control equipment it is used:
v’ electronic solar controller - VITOSOLIC 200
SD4 and
v digital regulator of solar circuits- TMNB
VITOTRONIC 200-H.

The regulation of TPV temperature is performed
on the basis of sensor readings in the supply and
return lines that are forwarded to the PLC memory,
which is based on the program set temperature,
and difference gives a signal to turn on or stop
circulating pumps that forward set temperature to
consumers [18]. Schematic representation of the
connection of solar collectors with boilers for the
preparation of solid waste, is shown in Fig.3.

i

Fig. 3. Schematic representation of the functioning of the solar system [ 19,20]

According to the same principle, hot water from
the storage boiler transfers the heat taken from
the working fluid through another plate exchanger
from the so-called the second solar circuit in the
third circuit, ie. it is transferred to the water that is
distributed to consumers through the boiler.
Boilers that distribute water to consumers also
have sensors connected to the control unit that
read the temperature of the outgoing water to the
consumers and the return water or recirculation
temperature.

When the weather conditions are unfavorable,
the water is heated through a heat exchanger in a
boiler that receives heat from an external gas
boiler room. The solar plant is also operational in
winter, so that when it is a sunny day, a lower heat
yield is obtained compared to summer, but it is still

significant amount to reheat all the necessary hot
water from external sources.

3. RESEARCH RESULTS

The total production of thermal energy from
the solar plant in the analyzed period from 2014 to
2017 amounted to 558 MWh, ie 58,613.43 kg of
fuel oil were saved, Fig.4. During 2014, heat energy
was produced in the amount of 125 MWh (savings
of 13,130.25 kg of fuel oil.) - Fig.5, during 2015,
123 MWh of heat energy was produced (savings of
12,920.16 kg of fuel oil.) - Fig.6, during 2016, 146
MWh of thermal energy was produced (saving
15,336.13 kg of fuel oil.) - Fig.7, and during 2017,
164 MWh of thermal energy was produced (saving
17,226.89 kg of fuel oil.) - Fig.8.
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The energy produced for the needs of hot water
from solar collectors in the observed period in the
hospital amounted to 33% of the total needs for
the same, while the rest was provided from
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Fig. 4. Total solar yield from installation to breakdown
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Fig. 5. Annual performance of the solar system in 2014
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Fig. 8. Annual performance of the solar system in 2017
4, CONCLUSION

In the modern world in which we live, energy is
a crucial factor that affects the development of the
overall economy of each country, so consumption
is becoming more and more important. The
directives of the European Union, of which our
country is a potential member, limit the
production of energy sources that emit a large
amount of carbon dioxide, so that is one of the
reasons for forcing clean energy technologies.

The solar plant with 144 solar panels in the
period May - September fully met all the needs of
patients, employees and the needs of medical and
non-medical staff in the technological process of
work for hot sanitary water. During the analyzed
four-year period from 2014 to 2017, a total of
139.5 MWh of thermal energy was produced
annually, ie energy equivalent to 14,653.36 kg of
fuel oil was saved annually.

The energy produced for the needs of hot water
from solar collectors in the observed period in the
hospital amounted to 33% of the total needs for
the same, while the rest was provided from
additional sources.
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