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FOREWORD

According to the International Energy Agency, increased energy consumption
caused the global rise in CO, emissions up to incredible

33.1 Gt. This is the fastest rate since 2013. Energetic facilities contribute with
almost two thirds of this grow. Forecasts are that CO, emssions will not slow down
enough by middle of the century and that 2 °Ctemperature rise will occur in next
thirty years. It is also expected that by 2050 the Earth will be warmer by 2.4 °C
than in pre-industric period. We must act immediately to prevent climate changes
with stronger storms, flods, droughts, sea level rise and supply disruptions.

We need political actions: actions that promote renewable energy sources, new
technologies and systems for decarbonization and better enerqy efficiency. We witness
transition from fosil fuels to "green technolgies, but not fast enough to comply with
Paris Agreement: to limit global warming significantly below 2 °C.

By 2030 production of about 50 million electric vehicles is expected wich asks for

50 batteries production 50 times larger than today. The best solution for batteries
charging and increased electrical energy consumption are all kinds of renewable
electrical energy sources.

Main goal of the 7th International Conference on Renewable Electrical Power Sources
is to analyse comparative advantages and disadvantages of contemporary solutions
among reneweable sources in the world and in Serbia, and to provide fruitfull
exchange of opinions and ideas on development and implementations of these ideas.

The 7th Conference is accredited by the
Institute for Education Promotion of Republic of Serbia

This international conference i s for the seventh time organized by the Society
for Renewable Electrical Power Sources within the Union of Mechanical and
Electrotechnical Engineers and Technicisans of Serbia (SMEITS), since 2010.

Belgrade,
October 2019
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PREDGOVOR

Sve veca potroSnja energije dovela je do globalnog porasta emisije

ugljen-dioksida (CO,) na rekordnih 33,1 Gt, prema podacima Medunarodne agencije
za energetiku. Ovo je bio najbrZi rast od 2013. godine. Emisija gasova iz postrojenja
za proizvodnje elektricne energije ¢ini gotovo dve treCine ovog rasta. Smatra se da se
emisija CO, nece dovoljno usporiti do sredine veka tako da Ce se povecanje prosecne
temperature za 2 °C dogoditi ve¢ sredinom ovog veka. Prognoze ukazuju da ce krajem
ovog veka zemljina kugla biti za 2,4 °C toplija nego u predindustrijskom periodu.
Zbog toga je potrebno Sto pre da se deluje kako bi sprecili da klimatske promene
donose sve jace oluje, sve CeSce poplave i suSe, sve visi nivoe mora i poremecdje u
snabdevanju hranom.

Potrebne su nam politicke akcije: akcije koje unapreduju obnovljive izvore energije,
nove tehnologije i sisteme dekarbonizacije, kao i postupci za povecanje energetske
efikasnosti. Svedoci smo da se vrsi prelaz sa fosilnih goriva na ,zelene tehnologije" ali
ne dovoljno brzo da bi se ispuni ciljeve Pariskog sporazuma kojim bi se postiglo da

se globalno zagrevanje ogranici na vrednost ,znatno ispod 2 °C*. Smatra se da ce do
2030. godine biti pravljeno oko pedeset miliona elektri¢nih vozila godi$nje a za to ce
biti potrebna 50 puta povecana proizvodnja akumulatorskih baterija. Smatra se i da
je za dopunjavanje akumulatorskih baterija kao i za povecanu potro$nju elektricne
energije najbolje reSenje razvoj svih vrsta obnovljivih izvora elektricne energije.

Osnovni cilj 7. Medunarodne konferencije o obnovljivim izvorima elektricne energije jeste
da se analiziraju uporedne prednosti i nedostaci savremenih resenja u oblasti obnovljivih
izvora elektricne energije u svetu i kod nas, i da se obezbedi plodotvorna razmena
kompetentnih misljenja i ideja vezanih za razvoj i primenu ovih izvora.

Tribinu ,,Elektricna vozila - juce, danas i sutra”, koja se odrzava u okviru programa 7.
Konferencije, akreditovao je Zavod za unapredivanje obrazovanja i vaspitanja Republike
Srbije.

Ovaj medunarodni skup po sedmi put organizuje Drustvo za obnovljive izvore elektricne
energije Saveza masinskih i elektrotehnickih inZenjera i tehnicara Srbije (SMEITS).

U Beogradu,
oktobra 2019.
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IMPLEMENTACIJA SOLARNIH SISTEMA U POSTROJENJIMA
PREHRAMBENE INDUSTRIJE - STUDIJA SLUCAJA KRAGUJEVAC

IMPLEMENTATION OF SOLAR SYSTEMS IN FOOF INDUSTRIES
- CASE STUDY KRAGUJEVAC

Dragan CVETKOVIC”, Aleksandar NESOVIC, Aleksandar ALEKSIC

University of Kragujevac, Faculty of Engineering,
Department for Energy and Process Engineering, Kragujevac, Serbia

Upravljanje energijom u industriji hrane je neprekidan proces, koji obuhvata pracenje ener-
getskog ucinka preduzeca i neprestano pronalazenje nacina da se isti odrzi i poboljsa. Na konkretnom
preduzecu lociranom u Kragujevcu, sprovedena je studija slucaja u kojoj je razmatrano postavijanje
ravnih solarnih kolektora (RSK) i fotonaponskih panela (FNP) na ravan krov postrojenja, sa ciljem
povecanja energo-eko efikasnosti (EEE). Kompletno istrazivanje je sprovedeno numericki, pomocu
EnergyPlus softvera. Rezultati pokazuju da se FNP godisnje moze zadovoljiti 3,65% potreba predu-
zeca za elektricnom energijom, uz period otplate od 22,6 godina, dok se primenom RSK potrosnja
prirodog gasa na godisnjem nivou redukuje za 14,64%, uz dosta kraci period povracaja ulozenih
sredstava (12,05 godina).

Kljucéne reci: EEE; prehrambena industrija; FNP; RSK; EnergyPlus; simulacija, period
otplate

Energy management in the food industry is a continuous process, which includes monitoring
the energy performance of the company and continually finding ways to sustain and improve it. At a
concrete company located in Kragujevac, the installation of flat plate solar collectors (FPSC) and
photovoltaic panels (PVP) on flat roofs of the plant was discussed with the aim of increasing the
energy-eco efficiency (EEE). Complete research was conducted numerically, using the EnergyPlus
software. The results show that PVP annually can meet 3.65% of the electricity needs of the company,
with a payback period of 22.6 years, while using the FPSC consumption of natural gas annually
reduces by 14.64%, with a much shorter return on investment (12.05 years).

Key words: EEE; food industry;, PVP; FPSC, EnergyPlus; simulation, payback period

1 Introduction

According to the Energy Information Administration (EIA), final energy consumption is the
highest in the industrial sector (32%). The food industry contributes 1.6% to this sector [1].
Although the food industry (as a percentage) is not a major consumer of final energy, the po-
tential for energy savings in this branch of the food industry is high [2]. Therefore, in the literature,
various measures can be found to achieve this:
* Purchasing new and replacement of old equipment [3-6];
* Optimization of production processes and lines [3-6];
* Adequate maintenance and management of production processes and lines [3-6];
* Training of employees [7];
* Recovery of waste heat where the technological and sanitary conditions allow it [8-14];
» Use of renewable energy sources (solar, geothermal and biomass energy) [15-18].
In order to increase energy-eco efficiency in the food industry, in the case of a plant located in
Kragujevac, a numerical survey was conducted using EnergyPlus software to consider the possibility
of using solar energy through FPSC and PVP.

* Corresponding author: dragan_cw8202@yahoo.com
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2 Description of the plant

The subject of research is the company within the food industry (Figure 1). The plant is located
in Kragujevac and WeatherFile [19] for this city was used within the EnergyPlus software. The green
arrow determines the direction of the north, and it can be concluded that the building is oriented
towards NE-SW.

Figure 1 — Subject of research

The specific consumption of natural gas, electricity and water, depending on the volume of
production, is shown in Table 1.

Table 1 — Specific energy consumption depending on production volume

Year Specific consumption
Natural gas [Sm’/t] | Electricity [kWh/t] | Water [m?/t]
2015 |[14.76 124.48 1.16
2016 |13.80 112.60 0.70
2017 |14.71 119.07 0.81
2018 |14.31 117.46 0.54

Table 1 shows that energy consumption does not follow the production volume. Specific energy
consumption in the food industry (in general) depends on the range of products, the technological
process of production, the age and maintenance of equipment, the amount of generated waste, as well
as the skills and level of employee training. On the other hand, the specific energy consumption
impacts have weather conditions because they depend on the required amount of heat and cooling
energy during the year.

3 Thermotechnical systems

3.1 pvp

Within the EnergyPlus software, three different PV modules are implemented: Simple, Equi-
valent One-Diode and Sandia. In this paper, a Simple Module was used which calculates the amount
of generated (produced) PVP electricity from the following form [20]:

Poyp = Apyp - factve Lrorar *Neprs * Mivverrer (M
Where are: P,,, - electricity produced from PVP [kWh/month], 4,,, - area occupied by PVP
[m?], f,crve - fraction of surface area with active PV cells [-], I,,,,, - total solar radiation incident
on PVP array [kWh/m*month], 77,,,, - module conversion efficiency [-], 7,yzz7zz - DC to AC con-

version efficiency [-].
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Taking into account the orientation of the building (Figure 1), the optimal angle of inclination
of solar systems (for the city of Kragujevac this angle is 37.5° [21]) and recommendations related to
the installation of solar systems (Figure 2), a flat roof can be covered with 90 polycrystalline PVP
(Figure 3) measuring 1.64x0.99 m [22], which means that the total area for collecting solar energy is
146.12 m?. Solar cells cover 89.21% of solar panels (the number of solar cells per panel is 60, the
dimension is 0.156x0.156 m). The efficiency of solar cells is 18.48%, and the inverter is 75% [20].

Figure 2 — Recommendations for installation Figure 3 — Flat roof covered with PVP
PVP 23]
(A=3 m; B=1.2 m; C=4.5 m)

3.2 FPSC

A simplified thermal calculation of the FPSC in the EnergyPlus software is based on the appli-
cation of the following form [20]:

PFPSC = AFPSC ) ]TOTAL ’ nFPSC (2)

Where are: P4 - heat energy produced from FPSC [kWh/month], 4,,- - area occupied by
FPSC [m?], I,,,,, - total solar radiation incident on FPSC array [kWh/m*month], 7, - FPSC

efficiency [-].

Taking into account the constraints that applied to PVP (orientation, inclination, recommenda-
tions for installation), in this case, the total area for collecting solar energy is 142.62 m? (adopted 56
FPSC dimensions 2.356x1.081 m [24]). For the efficiency of FPSC, the value was 0.44 [21]. Re-
commendations for mounting the FPSC date sun in Figure 4, and the roof covered with FPSC is
shown in Figure 5.

Figure 4 — Recommendations for installation Figure 5 — Flat roof covered with FPSC
FPSC [23]
(A=3 m; B=1.2 m; C=6.5 m)
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The amount of natural gas that is required for a gas boiler (GB) to produce the same amount of
heat as FPSC can be determined as follows:

. P,
1y, = FPSC 3)
Ne - H pe

Where are: 71, - mass flow of natural gas [Sm*/month], H ,; - lower thermal power of natural
gas [kWh/Sm?*], 7., - overall efficiency of the system with GB [-].

For thermal power of natural gas, the value of 9.261 kWh / Sm? [25] was adopted. Taking into
account GB efficiency, pipe network efficiency and efficiency of the control system, the total effici-
ency of the system with GB is 0.77 [26].

4 Research results

Power generation from PVP (Figure 6) varies over the course of the year and depends on
weather conditions (time of day, season, amount of precipitation, cloudiness). From the picture it can
be seen that the largest electricity generation in the summer period: June (2,747 kWh), July (2,775
kWh), August (3,097 kWh), September (2,996 kWh), and during the winter months the smallest:
November (1,117 kWh) December (891 kWh), January (1,092 kWh), February (1,371 kWh). In this
case PVP system can produce 24,811.93 kWh/a, which means that one PVP produces 275.69 kWh/a.
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Figure 6 — Production electricity from PVP

Based on a four-year data collection, the average annual needs of the power plant are 679,180.5
kWh (Figure 7). By installing a PVP system, in analogy to Figure 6, the highest savings are achieved
during the summer, and at least during the winter. Annually, this one system can achieve savings of
3.65%.

Figure 8 shows that during the year, 86,179.5 kWh of heat can be produced from the FPSC for
the needs of the plant (one FPSL produces 1,538.92 kWh/a). The consumption of natural gas can be
reduced from 82,561.75 to 70,475.93 Sm? at the annual level by the indicated solar system. In other
words, natural gas consumption is reduced by 14.64% (Figure 9).

The investment costs of PVP installation are € 29,160 (1.2 €/W). Taking into account the aver-
age electricity price for the analyzed period (Table 1) amounting to 0.052 €/ kWh (payment invoices)
and the amount of electricity produced (24,811.93 kWh/a), the payback period was estimated at 22.6
years (Figure 10).

For the installation of FPSC, a cash investment of € 39,900 (2.85 €/W) is required. If the price
of natural gas during the period was 0.274 €/Sm>, and the estimate of its consumption savings of
12,085.82 Sm?/a, this investment would be payable after 12.05 years (Figure 10).
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Figure 7 — Electricity consumption before and after placement of PVP
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Figure 9 — Natural gas consumption before and after installation of FPSC
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Figure 10 —Economic indicators for the installation of PVP and FPSC

5 Conclusion

The food industry is very sensitive in terms of final energy consumption. Therefore, various
measures are being taken to increase EEE in food production plants. In this way, money savings are
achieved, while at the same time the environment is protected. Using renewable energy sources, all
negative consequences can be reduced considerably. The disadvantages of using renewable energy
sources in order to achieve the EEE are reflected in the fact that initial investments can sometimes be
quite high, which affects the payback period of the invested funds.

This article discusses the possibility of implementing the active solar systems in order to reduce
the final energy consumption which can result in cost savings and saves the environment. The installa-
tion of PVP and FPSC on a flat roof of an industrial plant in the territory of Kragujevac was conside-
red. The results showed that using PVP annual electricity consumption is reduced by 3.65%. Natural
gas consumption is reduced by 14.64% using FPSC.

Economic analysis shows that the payback period is shorter (12.05 year) when FPSC is set.

6 Acknowledgments

This investigation is a part of the project TR 33015 of the Technological Development of the
Republic of Serbia. We would like to thank the Ministry of Education, Science and Technological
Development of the Republic of Serbia for their financial support during this investigation.

7 References

[1] Energy Information Administration, https:/www.eia.gov/energyexplained/index.php?page=us_e-
nergy_industry (accessed: June 2019).

[2] L. Waters, Energy Consumption in the UK July 2017, Department for Business, Energy &
Industrial Strategy, London, UK, 2017.

[3] L. Wang, Energy Efficiency and Management in Food Processing Facilities, CRC Press —
Taylor & Francis Group, Boca Raton, 2008.

[4] L. Wang, Energy efficiency technologies for sustainable food processing. Energy Efficiency, 7
(2014), 5, pp. 791-810.

[5] P.Therkelsen, E. Masanet, E. Worrell, Energy efficiency opportunities in the U.S. commercial
baking industry, Journal of Food Engineering, 130 (2014), pp. 14-22.

[6] Z.K. Morvay, D. D. Gvozdenac, Applied industrial energy and environmental management,
Wiley, Chichester, West Sussex, UK, 2008.

[7] D. Gordi¢, Energo-eko menadzment u industriji namestaja, Fakultet inZenjerskih nauka, Sestre
Janji¢ 6, Kragujevac, SRB, 2011.

190 * 7 ICREPS



[8] H.Jouhara, N. Khordehgah, S. Almahmoud, B. Delpech, A Chauhan, S. A. Tassou, Waste
heat recovery technologies and applications, Thermal Science and Engineering Progress, 6
(2018), pp. 268-289.

[9] 1. Johnson, W. T. Choate, A. Davidson, Waste Heat Recovery. Technology and Opportunities
in U.S. Industry, BCS, Washington, D.C., USA, 2008.

[10] S. Bruckner, S. Liu, M. Laia, M. Radspieler, L. F. Cabeza, L. Eberhard, Industrial waste
heat recovery technologies: an economic analysis of heat transformation technologies, Applied
Energy, 151 (2015), 1, pp. 157-167.

[11] A. Simeone, Y. Luo, E. Woolley, S. Rahimifard, C. Boér, A decision support system for waste
heat recovery in manufacturing, CIRP Annals, 65 (2016), pp. 21-24.

[12] R. Law, A. Harvey, D. Reay, Opportunities for low-grade heat recovery in the UK food pro-
cessing industry, Applied Thermal Engineering, 53 (2013), 2, pp. 188—196.

[13] G. S. Seck, G. Guerassimoff, N. Maizi, Heat recovery using heat pumps in non-energy inten-
sive industry: Are Energy Saving Certificates a solution for the food and drink industry in
France?, Applied Energy, 156 (2015), 1, pp. 374-389.

[14] L. Mird, J. Gasia, L. F. Cabeza, Thermal energy storage (TES) for industrial waste heat (IWH)
recovery: A review, Applied Energy, 179 (2016), 1, pp. 284-301.

[15] N. Yildirim, S. Genc, Thermodynamic analysis of a milk pasteurization process assisted by
geothermal energy, Energy, 90 (2015), Part 1, pp. 987-996.

[16] S. N. Dodié, S. D. Popov, J. M. Dodié, J. A. Rankovi¢, Z. Z. Zavargo, Biomass energy in
Vojvodina: Market conditions, environment and food security, Renewable and Sustainable E-
nergy Reviews, 14 (2010), 2, pp. 862—-867.

[17] S. Mekhilef, R. Saidur, A. Safaria, A review on solar energy use in industries, Renewable and
Sustainable Energy Reviews, 15 (2011), 4, pp. 1777-1790.

[18] H. Schnitzer, C. Brunner, G. Gwehenberger, Minimizing greenhouse gas emissions through
the application of solar thermal energy in industrial processes, Journal of Cleaner Production,
15(2007), 13—14, pp. 1271-1286.

[19] Energy Plus, Energy Simulation Software (Weather File).

[20] Energy Plus, Energy Simulation Software (Engineering Reference).

[21] J. Skerli¢,, M. Boji¢, Optimization of solar collector performance by using EnergyPlus and Ho-
oke-Jeeves algorithm, Proceedings of the 4 /st International congress on heating, refrigerating
and air — conditioning, Association of Mechanical and Electrical Engineers and Technicians of
Serbia SMEITS, Belgrade, Serbia, 2010.

[22] STC energy, http://www.solarni.rs/slike/270wp.jpg (accessed: June 2019).

[23] BOSH, installation and maintenance manual,

http://bosch-rs.boschtt-documents.com/download/pdf/file/6720808645.pdf (accessed: June 2019).

[24] Grejanje.com, magazine for energy efficiency,

http://grejanje.com/strana.php?pID=361&terms=solarna%?20energija-solarni%20kolektor-solar-so-
larni%?20sistemi (accessed: June 2019).

[25] GAS RUMA,

http://www.gasruma.rs/index.php/prirodni-gas-m/specificnosti-prirodnog-gasa-m (accessed: June
2019).

[26] Rulebook on Energy Efficiency of Buildings in Serbia,

http://www.ingkomora.org.rs/strucniispiti/download/ee/PRAVILNIK O EEZ za%?20obuku.pdf
(accessed: June 2019).

7.MKOIEE ¢ 191



