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PREFACE

Faculty of Mechanical Engineering East Sarajevo is organizing the 4th
International Scientific Conference COMETa 2018 - "Conference on Mechanical
Engineering Technologies and Applications®. The aim of the conference is to contribute
to the implementation of new technologies in production processes by achieving better
cooperation between scientific research institutions and companies, and to enable
practical application of research results presented in the proceedings.

The main objective of the conference is to bring together eminent domestic and
international experts in the field of engineering and the application of new technologies
and the development of mechanical systems, and to contribute increasing the
competitiveness of the domestic economy through the exchange of experience and
knowledge, public presentations of current research and new construction solutions.

The organization of previous conferences COMETa2012, COMETa2014 and
COMETa2016, according to the assessments of participants, especially foreign
colleagues, were successful.

The efforts were recognized by the Ministry of Science and Technology of the
Republic of Srpska, since in May 2018 the COMETa conference was ranked among
international scientific conferences of the first category.

The COMETa 2018 conference program consists of the following thematic
areas:

- Manufacturing technologies and advanced materials,
- Applied mechanics and mechatronics,

- Machine design and product development,

- Energy and environmental protection,

- Maintenance and technical diagnostic,

- Quality, management and organization.

At this year's COMETa2018 conference, a record number of papers from the
country and abroad have been submitted. In total 277 authors from 13 countries
participates in the international conference COMETa2018, 112 papers were accepted,
including 4 plenary papers. Within the COMETa2018 conference, it is planned to
organize two working meetings that will focus on the current topics of the Conference.

With the desire to improve the organizational as well as the scientific effect of
the Conferences, and appreciating the contributions made by the scientific community
in this way, we want to emphasize that each of your suggestions is more than welcome
and will be appreciated in connection with the above.

On behalf of the Organizing and Scientific Committee of the COMETa2018
conference, we would like to express our gratitude to all authors, reviewers,
institutions, companies and individuals who contributed to the Conference.

Hoping that the results of our joint work will meet expectations, the organizer of
the Conference, Faculty of Mechanical Engineering East Sarajevo, wants you active
participation that will contribute to the development of modern ideas and solutions, in
the spirit of technical and technological development of the modern world.

We wish you a pleasant stay in Jahorina. Welcome to the COMETa2018
conference.

East Sarajevo, November 21, 2018.

President of the Scientific Committee President of the Organizing Committee
Full Proft?ssor Du§an Go__lubovic’, PhD Assistant Professor Milija Kraig"nik, PhD
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Abstract: In this paper the possibility of using PV/T solar collectors for DHW preparation
within a residential house in the city of Kragujevac (Serbia) was investigated. Based on
the consumption profile of domestic hot water of a single family the PV/T solar system
is sized to meet the demand for electricity consumed for the DHW heating during the
summer season (15th of April-15th of October). The thermal behavior of the PV/T system
was simulated only for the summer season, since the working medium is water. The
electrical behavior of the analyzed PV/T solar system was simulated for the entire year.
All simulations were performed in the EnergyPlus simulation soft-ware. Four scenarios
of payback period of using PV/T solar system were investigated. All of them are defined
according to the price of electricity that is saved and/or sold to the utility company: the
average electricity selling price for residential houses (5.089 c€/kWh) and the electricity
selling price for privileged electricity producers (20.66 c€/kWh). The first two scenarios
are related to the system without solar batteries and the other two to the system with
solar batteries. The most favorable scenario is scenario for which the total produced
electricity is sold to the utility company for the selling price for privileged electricity
producers. The payback period for this scenario is 13.7 years.

Key words: PV/T solar collector, domestic hot water, simulation, EnergyPlus.

1 INTRODUCTION

The increasing need for renewable energy sources, specifically solar energy,
requires more complex research to be conducted to improve the efficiency of systems
that transform solar energy. The most common solar systems are flat-plate (water) solar
collectors. The men-tioned collectors transform solar energy into heat energy through
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an absorber plate with high thermal conductivity (copper, aluminum) placed in an
insulated box with a flat glass cover. The main carrier of heat energy is a working fluid
(water or antifreeze liquid) that passes through the absorber or absorber tubes integrated
or attached to the same. Conventional flat-plate solar collectors receive a rela-tively low
solar flux and have an average efficiency, especially at lower level of solar radiation.
Many investigations have been carried out to improve a performance of flat-plate solar
collectors by concentrating solar radiation using reflective surface [1, 2]. Also, one of the
ways to increase the overall solar energy conversion efficiency is usage of a hybrid solar
collectors (PV/T solar collectors). A PV/T solar collectors generate both electricity and
thermal energy from a single aperture area. Many research has been conducted to
model and improve the design of hybrid solar collectors [3-7]. Most residential water
heating systems are equipped with conventional gas or elec-tric heaters that generate
heat by consuming fossil fuels or electricity. These systems are undesirable in terms of
energy utilization effi-ciency because the overall conversion efficiency into thermal
energy is relatively low [8]. In relation to this, the goal of this paper is related to the
investigation of the possibility of using hybrid water solar collectors for domestic hot
water preparation within a single family residential house.

2 MODEL DESCRIPTION

2.1 Description of the analyzed residential building

Isometric view of the analyzed residential building is shown in Fig. 1. The total
heated floor area of the building is 118.1 m2.

Figure 1. Isometric view of the analyzed residential building

The building has a total of 10 heated zones (rooms) distributed on 2 levels. It is
assumed that the building located in the city of Kragujevac (Serbia) is not surrounded
with any object. Total number of people that accommodates this building is four.

2.2 Description of the analyzed system for heating of domestic hot water

In this paper the possibility of using hybrid solar collectors for heating of domestic
hot water was analyzed. Consumption profile of domestic hot water within the analyzed
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house is given in Table 1.

Table 1. Domestic hot water consumption

Bathroom and kitchen Time period [h] | Water consumption [I]
Washing, dish washing (40°C) 06:00-06:03 12
Washing, dish washing (40°C) 07:00-07:03 12

Meal preparation (40°C) 08:00-08:05 7

Meal preparation (40°C) 11:00-11:05 5

Dish washing (40°C) 16:00-16:05 30
Showering (40°C) 19:00-19:06 50
Showering (40°C) 19:30-19:36 50
Showering (40°C) 19:54-20:00 50

Face washing, brushing teeth (40°C) 22:00-22:06 6
Laundry (50°C) 21:00-23:27 49

The main components of the system for domestic hot water heating (Fig. 2) are:
hybrid solar collectors (1), heat storage tank (3) and water heater (7). There are two
water circulation loops. The first loop includes the solar collectors and heat storage tank,
while the sec-ond circulation loop connects the storage tank, water heater and water
consumers. The hot water from the heat storage tank circulates into the water electric
heater which, if necessary, heats the water to the desired temperature.

, &ril L
AV,

Figure 2. Scheme of the system for domestic hot water heating: 1-hybrid solar
collectors, 2-pump, 3-heat storage tank, 4-regulating valve, 5-mixer, 6-water consumer
inlet, 7-water heater, 8-pump, 9-water consumer outlet, 10-splitter, 11-water
consumers

Table 2. The sizing parameters of the water electric heater

Parameter Unit Value
Maximum flow rate of the DHW during one hour [I/s] 0.04166
Minimum allowed temperature for water in water heater ['C] 10
Mean water temperature at the points of consumption [C] 45
Heat loss coefficient of the water heater - 1.1
Thermal efficiency of the electric heater - 0.9
Number of hours for water heating [h] 1
Number of hours for water heater operation [h] 1
Maximum temperature for water in water heater [C] 60
Factor due to unused space under the heating surface of the water heater - 1.1
Heat capacity of the water heater (electric heater) [W] 4000
Volume of the water heater tank [1 80
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The heat capacity and volume of the water electric heater are determined according to
the procedure described in [9]. The adopted values of the parameters needed for sizing
of the water heater are given in Table 2.

The thermal and electrical power of the analyzed hybrid solar collector is
determined according to the following equations:

Om =4s - f4-Gr Ny (1)
Pgp=As - f4-Gr Mg Nivverr (2)

It was assumed that the electric efficiency of the hybrid solar collector (neL =
0.15) is fixed throughout the year as well as the thermal efficiency (nmw = 0.3). For the
volume of the heat storage tank the value of 250 | was adopted. The water flow rate
through the solar collector amounts 0.015 kg/sm?. The PV/T solar collectors are sized to
meet the demand for electricity consumed for the DHW prepara-tion during the summer
season (15" of April-15™" of October). During the winter season the PV/T solar collectors
produce only electric energy since the working medium within the solar collector is water.
This was the limitation of the simulation software. The total surface area of the PV/T
solar collectors is 6.32 m2. The collector tilt angle is 37.5° and the orientation is 180°.
This is the yearly optimal collec-tor position for the city of Kragujevac, Serbia. The
technical characteristics for the investigated PV/T solar collectors are summarized in
Table 3 [10].

Table 3. The technical characteristics of the single PV/T solar collector module [10]

Electrical characteristics
Number of cells per module 60
Cell type (dimensions) Monocrystalline (156 mm x 156 mm)
Nominal power 250 Wp
Module efficiency 15.4%
Rated voltage 30.7V
Rated current 8.15A
Open circuit voltage 38.5V
Short circuit current 8.55 A
Maximum system voltage 1000V DC
NOCT 49°C
Thermal characteristics
Gross area 1.66 m?
Aperture area 1.58 m?
Maximum temperature 74.7°C
Maximum operating pressure 1.2 bar
Average thermal efficiency 30%

2.3 EnergyPlus software

In order to simulate the thermal and electrical behavior of the investigated system
for domestic hot water heating, software EnergyPlus (version 8.4.0) was used. This
program is very useful tool for modeling of energy and environmental behavior of
buildings and HVAC systems [11]. The EnergyPlus software takes into account all
factors that influence thermal loads in the building, such as electricity devices, lighting,
people occupancy, solar radiation, wind, infiltration, and shading [12]. The simulations
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were conducted for real weath-er data for the city of Kragujevac (latitude of 44.02°N,
longitude of 20.92°E, the average height of the above sea level of 209 m).

2.4 Simulation scenarios

The main goal of this investigation is analysis of application of the PV/T solar
collectors for DHW preparation within a single family residential house in the city of
Kragujevac. This analysis is related to the payback period of using PV/T solar collectors.
The payback period is determined by the value of the investment and operating costs of
the DHW heating system and by energy (money) savings achieved by using the same
system. Four scenarios were investigated (Table 4). All of them are defined according
to the price of elec-tricity that is saved and/or sold to the state company for electricity
generation and distribution. The first two scenarios are related to the system without
solar batteries and the other two to the system with solar batteries.

Table 4. Investigated scenarios for payback period of using PV/T solar system

Scenario PVIT solar system Electricity selling price [c€/kWh]

1 PVIT solar system without 5.089 (average electricity selling price for
batteries residential houses)

> PVIT solar system without 20.66 (electricity selling price for privileged
batteries electricity producers)

3 PVIT solar system with 5.089 (average electricity selling price for
batteries residential houses)

4 PVIT solar system with 20.66 (electricity selling price for privileged
batteries electricity producers)

3 RESULTS AND DISCUSSION

The electrical behavior of the analyzed PV/T solar system was simulated for the
entire year, while the thermal behavior was simulated only for the summer season (15"
of April-15" of October), since the working medium is water. The values of the produced
electric energy of the hybrid solar collectors, consumed electric energy of the water
heater with and without PV/T solar system are shown in Fig. 3.

As it was mentioned, the hybrid solar collectors are sized to meet the demand
for electricity consumed for the DHW heating during the summer season. For this period
the amount of produced electricity is higher than the consumed electricity of the DHW
system that includes PV/T solar collectors. The highest and lowest value for the
produced electricity is recorded in July and December, respectively. For these months
the intensity of solar radiation on a tilted solar collector surfaces was the highest and
lowest. The electricity consump-tion of the water heater without PV/T system is more
than three times higher than the electricity consumption of the water heater with PV/T
system. For both systems, the monthly electricity consumption is approximately the
same. This is explained by the fact that it was assumed that the consumption profile of
domestic hot water is the same for every day during the simulated period.

In order to determine the payback period of the investigated system for DHW
preparation it is necessary to know the value of invest-ment costs. The investment costs
for every component of the PV/T system are given in Table 5. In Table 6 the comparison
of four ana-lyzed scenarios of payback period is shown.
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Figure 3. Monthly values of the produced electricity of the PV/T system and consumed
electricity of the water heater with and without PV/T sys-tem

Table 5. Investment costs for analyzed system for DHW heating

Component Investment costs [€]

Inverter 100 [13]

Heat storage tank 657 [14]

PV/T solar collectors 2440 [10]

Voltage controller 190 [13]

Pumps 321 [15]

Solar batteries 1360 [13]

Installation 850 [13]
Total costs for system without batteries 4558
Total costs for system with batteries 5918

Table 6. Payback period of analyzed system for DHW heating for four investigated

scenarios
Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4

Total investment costs (€) 4558 4558 5918 5918
Electricity savings (kWh) 1356.14 1356.14 1921.15 1921.15

Electricity savings (€) 69.02 69.02 97.78 97.78
Produced electricity (kWh) 1277.25 1277.25 712.24 712.24
Produced electricity (€) 65 263.88 36.25 147.15
Money savings (€) 134.02 332.9 134.03 244.93

Payback period (years) 34 13.7 44.2 24.16

It should be noted that for the first two scenarios there are costs of consumed
electricity. For the scenario 1 and 2 all produced electricity is sold to the state company
for electricity generation and distribution. On the other side, for the other two cases due
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to solar batteries there are no costs of consumed electricity. In other words, for the
scenario 3 and 4 part of the produced electricity is used for DHW heating while the
excess electricity is sold to the utility company.

According to the economic analysis it can be concluded that the most favorable
scenario is scenario 2, for which the total electricity produced by the PV/T solar collectors
is sold to the utility company for the selling price for privileged electricity producers. The
payback period for this scenario is 13.7 years. For the city of Kragujevac (Serbia), the
electricity selling price for privileged electricity producers is approximately four times
higher than the average electricity selling price for residential houses. The payback
period for the scenario when total produced electricity is sold for the average electricity
selling price for residential houses (scenario 1) amounts 34 years. If the system for DHW
heating included batteries for electricity storage the payback period would amount 44.2
years for the scenario 3 and 24.2 years for the scenario 4. The values for the payback
period would be certainly lower in the case of higher electricity consumption (more
expensive tariff rates), higher electricity selling price, lower investment costs as well as
higher values of the thermal and electrical efficiency of a PV/T solar collectors.

4 CONCLUSIONS

In this paper the possibility of using PV/T solar collectors for heating of domestic
hot water within a residential house in the city of Kragujevac (Serbia) was investigated.
Based on the consumption profile of domestic hot water of a single family the PV/T solar
system is sized to meet the demand for electricity consumed for the DHW heating during
the summer season (15" of April-15™" of October). The thermal behavior of the PV/T
system was simulated only for the summer season, since the working medium is water.
The electrical behavior of the analyzed PV/T solar system was simulated for the entire
year. All simulations were performed in the EnergyPlus simula-tion software. Four
scenarios of payback period of using PV/T solar system were investigated. All of them
are defined according to the price of electricity that is saved and/or sold to the utility
company. The first two scenarios are related to the system without solar batteries and
the other two to the system with solar batteries. The most favorable scenario is scenario
for which the total produced electricity is sold to the utility company for the selling price
for privileged electricity producers (20.66 c€/kWh). The payback period for this scenario
is 13.7 years. The most unfavorable scenario (44.2 years) is the scenario 3. This
scenario relates to the PV/T system that consists of solar batteries and for which the
excess produced electricity is sold for the average electricity selling price for residential
houses (5.089 c€/kWh). The higher values of the electricity selling price, lower values of
the investment costs and higher values of the thermal and electrical efficiency of a PV/T
solar collectors. would certainly reduce the value of the payback period.
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NOMENCLATURE (10 PT BOLD, UPPERCASE, Spacing Before 18 pt, After 6 pt)

QrH thermal power of the hybrid solar collector, W

As gross area of the hybrid solar collector, m?
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fa fraction of the surface with active PV/T solar collector

Gr intensity of the instantaneous solar radiation on a tilted solar collector surface,
W/m?

ntH thermal efficiency of the hybrid solar collector;

NeL electrical efficiency of the hybrid solar collector;

ninvert conversion efficiency from direct to alternating current (ninvert = 1).
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