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OPTIMIZATION SOLAR DOMESTIC HOT WATER SYSTEMS 
Abstract: In Serbia, it is customary to use electrical energy for heating of domestic hot water (DHW). As around 70% of 
electrical energy is produced by using coal with high greenhouse emission, it is beneficial to environment to use solar 
energy for heating of DHW in solar DHW system (SDHWS). During SDHWS operation, different SDHWSs generate 
different amounts of heat from solar energy, obtain different amounts of avoided electrical energy, avoided energy, and 
avoided fossil energy. These investigations use computer code EnergyPlus. The used weather data are from the 
meteorological station. In this paper, a use of Hooke-Jeeves algorithm is reported to obtain the maximum amounts these 
of performances for different SDHWS use as a function of number of optimum positions of the solar collector in SDHWS 
during year for Belgrade, in Serbia. 
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1. INTRODUCTION 

During the first years of the twenty-first century, extensive efforts have been undertaken to alleviate 
global warming of the earth caused by emission of CO2 into atmosphere. These emissions are 
generated by intensive burning of fossil fuels to satisfy the growing energy needs of humanity. When 
part of energy needs is satisfied by using non-polluting energy sources such as solar energy, the 
emissions may be mitigated, and they are thus used instead of fossil fuels. Furthermore, another 
important advantage of the usage of solar energy is that it does not pollute the environment with 
nitrogen oxides and sulfur dioxide. 

In Serbian households, the high amount of DHW is used for shower, tap, cloths-washing and dish-
washing machines. It is customary to use electricity for heating of DHW. Considering the fact that 
around 70% of electricity is produced by using coal with high greenhouse emission, it is highly 
important and the most rewarding to use solar energy for DHW heating instead of electrical energy. 
Accordingly, in Serbia and worldwide, the most rewarding application of solar energy is when it 
replaces electrical energy for heating of DHW in households [1,2]. In addition it is important to have 
a high efficiency of conversion of solar energy to heat. As a result, the highest amount of avoided 
exergy is achieved. 

In this paper, Hooke-Jeeves algorithm is used to obtain the maximum amounts of these performances 
for different SDHWS as a function of number of optimum positions of the solar collector in SDHWS 
during year for the city of Belgrade, Serbia. Also, it has been calculated the reduction of the solar 
fractions, as well as a deficit avoided exergy in the case when the solar collector are not at its optimal 
position [3,13]. 

2. SIMULATION SOFTWARES 

In this investigation, simulation, and optimization are performed by using two separate software 
packages. The research of these installations was performed by using simulation by EnergyPlus and 
optimization by using Hooke-Jevees method. In this investigation, the Hooke-Jevees method was 
used to optimize energy flows in SDHWS. In this investigation, the solar collector slope angle is 
optimized to obtain the highest solar fraction. In this study, the building energy simulation software 
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EnergyPlus (Version 7.0) was used to predict solar energy and electrical energy use in solar 
installation for heating of DHW in several cities in Serbia. EnergyPlus program is a very useful tool 
for modeling of energy and environmental behavior of buildings. The program is initially developed 
by Lawrence Berkeley National Laboratory, U.S. Army Construction Engineering Laboratory, and 
the University of Illinois [9]. GenOpt is an optimization program for the minimization of a cost 
function that is evaluated by an external simulation program [10]. It has been developed for 
optimization problems where the cost function is computationally expensive and its derivatives are 
not available or may not even exist. The software GenOpt is programmed for the introduction of 
appropriate objective functions and optimization methods using Hook Jeeves method. Hooke-Jeeves 
algorithm is a direct search and derivative free optimization algorithm [11]. In Hooke Jeeves 
algorithm, only the objective functions and the constraint values are used to guide the search strategy. 

3. MATHEMATICAL MODEL 

To obtain performance of SDHWS, the operation of the SDHWS was investigated by using 
simulation and optimization. The mathematical model was developed in EnergyPlus simulation 
environment and the optimization was performed by using Hooke-Jeeves search algorithm. 

This part of the paper provides the mathematical model used to simulate the energy behavior of 
SDHWS and different parts of its installation: solar collector, thermal tanks (storage & heaters), 
tempering valve, and SDHWS-control devices. Schematics of the solar hot-water system for heating 
of domestic hot water in EnergyPlus environment is shown in Fig.1. Solar energy is captured by using 
solar collector. This energy heats water that flows through the collector. Furthermore, the water from 
collector heats water in the storage tank to some temperature that may be higher or lower than the 
needed (hot-water set-up) temperature. If this temperature is higher than the needed temperature, then 
this temperature is lowered by using cold water through the tempering valve. If this temperature is 
lower than the needed temperature, this water is heated by electric energy in the instantaneous water 
heater. 

 

Figure 1. Schematics of SDHWS for heating of DHW (adapted from [12]) 

Surface geometry. Calculations require that the solar collector surface is described geometrically. 
Here, the solar collector is placed to the building roof. The solar collector is rectangular in shape (see 
Fig.2) with its length designated as (a) and its width as (b). The building height is designated as h. 
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Finally, the solar collector surface is described by the coordinates of their vertices 1, 2, 3, and 4 in a 
three dimensional Cartesian coordinate system. This right-hand coordinate system has the X axis 
pointing east, the Y axis pointing north, and the Z axis pointing up that is characteristics of EnergyPlus 
Cartesian coordinate system. The vertices are recorded in counter-clockwise sequence (as the surface 
is viewed from outside its zone). 

 

Figure 2. Collector-Sun Orientation 

The solar collector is south facing. Its tilt angle (β) is the angle between the Z-axis and the normal to 
the surface of the solar collector (or between the solar collector surface and the horizontal). The 
convention assumed here is that -900<β<900. The surfaces with positive β face south and with 
negative β face north. Its azimuth angle (Ɣ) is defined as the displacement angle between the 
projection on a horizontal plane of the normal to the collector surface and due north. The convention 
assumed here is that -1800 < Ɣ<1800. 

Calculation of energy consumption: Calculation of energy consumption during the calculation 
period gives two electrical energies E and R consumed for DHW production. The energy E is 
consumed by the electric heater when the solar collector is present and operating, and energy R is 
consumed when no solar collector is employed. The objective function is the performance of the 
installation is evaluated by calculating the solar fraction (f) by: 

f = 100 (R-E)/R= f (βi, Ɣi) (1) 

If f=fi is larger, the SDHWS better protects the environment. Variable fi is a function of tilt βi and 
azimuth angle Ɣi. 

It should be maximized in the constrained region of βi and Ɣi. As a result of the optimization, we 
obtain the maximum solar fraction fi,max, and the optimum tilt βi,opt, and optimum azimuth angle Ɣi, 

opt. 

Each solar collector that stays at optimal position generates the highest amount of heat from the 
incident solar energy. Then, the SDHWS uses this heat for the DHW heating instead of the electrical 
energy from the electricity network. This means that such a SDHWS avoids use of the highest amount 
of electrical energy from the electricity grid for the DHW heating. In addition, this avoids the highest 
amount of electrical energy generation by the national power plants. 

If the solar collector of a SDHWS does not stay at the optimum position due to some reason, then it 
will generate smaller amount of exergy for the DHW heating than the maximum amount it would 
generate when it stays at the optimum position. As the heating of DHW uses the electrical energy, 
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the SDHWS will use more electrical energy for the DHW heating than that when the SDHWS has its 
solar collector at the optimum position [13, 14].  

For this case, the deficit in avoided energy is defined as 
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Solar Collector (Thermal Performance): Solar Collector is of Flat Plate type produced by, 
Alternate Energy Technologies (AE-32) with length of 3.66m and width of 2.43m. The thermal 
efficiency of a collector is defined as  
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where q = useful heat gain, A = 8.892m2 gross area of the collector, and Hsolar = total incident solar 
radiation. Note that the efficiency η is only defined for Hsolar > 0. 

For η, the following quadratic correlation is used  
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Both first- and second-order efficiency equation coefficients from [12] are given as c0 = 0.691, c0 = 
3.396 W/m2-K, and c0 = 0.00193 W/m2K2. 

Thermal tanks (storage & heaters): Water thermal tanks are devices for storing thermal energy in 
water from the SDHWS. The input object of EnergyPlus (Water Heater: Mixed) provides a model 
that simulates a storage water tank (well-mixed water tank), and also instantaneous water tank 
(tankless water heater). The storage water tank has volume of 0.75 m3. 

SDHWS-Control temperatures for solar loop: To control use of this installation, several 
temperatures will be supported in the solar loop by using the control equipment inside this installation. 
Its maximum flow rate is 0.00006 m3/s. Main parameters of solar heating installation for   water loop 
through the solar collector are the following Loop temperature (TL=600C), High temperature turn off  
in solar loop (600C), High temperature turn on in solar loop (00C), Temperature difference on limit 
(differential thermostat) (100C), Temperature difference off limit (differential thermostat) (20C). 

SDHWS-Control temperatures for use loop: To control use of this installation, several 
temperatures will be supported in the use loop by using the control equipment inside this installation. 
Main supported temperatures are are the hot water setpoint temperature (TH=500C) and the maximum 
temperature limit for storage tank (82.2 0C). 

Tempering Valve: In certain solar hot water and heat recovery situations, a thermal storage tank may 
become warmer than is necessary or allowable for safe use of the hot water. The tempering valve acts 
to divert flow through the branch it is on in order to adjust the temperature at the outlet of the mixer 
(see Fig. 3). 
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Figure 3. SDHWS –tempering valve (adapted from [7]) 

4. SIMULATION AND OPTIMIZATION 

For simulation and optimization to run, it is necessary to know the hot water consumption and climate. 

Hot Water Consumption: This installation generates four different types of hot water: that of tap, 
shower, dish-washer, and cloth-washer. Regarding its application, the water would be heated to two 
temperatures:  43.3 (tap and shower with  the maximum flow rate of 0.0000945 m3/s) and 500C (dish 
and clothes washer with the maximum flow rate of (0.000063 m3/s). For water with lower temperature 
and for water with higher temperature used in dish washer, the daily schedule is the same for each 
day throughout entire summer. The cloth washer operates only on Sunday.  For water with higher 
temperature used in the cloth washer, the daily schedule is the same for each Sunday throughout the 
entire summer. 

Weather data: The investigated SDHWS is located in the city of Belgrade. Their meteorological 
data are used in the form of EnergyPlus weather files. These are either measured by the 
meteorological stations or calculated by the software Meteonorm for sites where data from 
meteorological stations are not available. Belgrade has the average height above sea-level of 99 m. 
Its latitude is 44.82°N, longitude 20.27°E, and time zone GMT +1.0 Hours. To familiarize with the 
Belgrade climate, Figs.4 and 5 are given by using monthly statistics for the Belgrade weather file. 

 

Figure 4. Relative humidity and dry bulb temperature (minimum, daily average and maximum) from 
the monthly statistics for Belgrade, Serbia from Belgrade weather file. 
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Figure 5. Direct, diffuse, and global average solar radiation, and daily average wind speed from 
the monthly statistics for Belgrade, Serbia from Belgrade weather file. 

5. RESULTS AND DISCUSION 

To use SDHWS adequately, it must be satisfactory designed, installed, and operated. In this paper, 
we report how the optimal installation of the SDHWS can be achieved by using EnergyPlus software 
with the modified Hooke Jeeves direct search algorithm.  
Analyzed domestic hot water solar systems with SDHWS#1 is a stationary solar collector   which 
operates on one slope during the year. The values of β = βopt = 37.5 ° and according to that f = fmax = 
32.9% are given in Belgrade, Serbia. Figure 6 shows the annual deficit avoided exergy versus angle 
deviation from the optimal angle slope of the solar collector for SDHWS in Belgrade, Serbia. Figure 
7 shows that when βа departs below βа,opt for Δβа, the  avoided exergy is lower than that when βа 

departs above βа,opt for Δβа.  
Analyzed domestic hot water solar systems with SDHWS#1 is stationary solar collector that working 
on one position (slope and azimuth) during the year. The values of β = βopt = 28.75° and Ɣopt = 25° 
and according   f = fmаx = 35.8% are given in Belgrade, Serbia. Figure 7 shows the annual deficit 
avoided exergy versus angle deviation from the optimal position of the solar collector for SDHWS in 
Belgrade, Serbia. Figure 7 shows that when βа and Ɣa, departs below βа,opt and Ɣa,оpt for Δβа  and 
ΔƔa,,the  avoided exergy is higher than that when βа и Ɣa departs above βа,opt andƔa,оpt for Δβа, 
respectivelyΔƔa.  
Analyzed domestic hot water solar systems with SDHWS#1 is stationary solar collector that working 
on one position (slope and azimuth) during the year. The values of β = βopt = 37.5° and Ɣopt = 25.625° 
and according   f = fmаx = 35.5% are given in Belgrade, Serbia. Figure 8 shows the annual deficit 
avoided exergy versus angle deviation from the optimal position of the solar collector for SDHWS in 
Belgrade, Serbia. Figure 7 shows that when Ɣa, departs below Ɣa,оpt for ΔƔa,,the  avoided exergy is 
higher than that when  Ɣa departs above and Ɣa,оpt for ΔƔa.  

CONCLUSION 

To use SDHWS with benefit, it has to be optimally designed, installed, and operated. In this paper, it 
is analyzed how the SDHWS can be optimally installed by using EnergyPlus software with the 
modified Hooke Jeeves direct search methodology. As an example,Hooke-Jeeves algorithm is used 
to obtain the maximum amounts of these performances for different SDHWS as a function of number 
of optimum positions of the solar collector in SDHWS during year for the city of Belgrade, Serbia. 
Also, it has been calculated deficit of avoided exergy in the case when the solar collector are not at 
its optimal position. 
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Figure 6. Deficit avoided exergy versus departures angles slope from the optimal slope of the solar 

collector for SDHWS in Belgrade, Serbia 
 

 
Figure 7. Deficit avoided exergy versus departures angles from the optimal position of the solar 

collector for SDHWS in Belgrade, Serbia 
 

 
Figure 8. Deficit avoided exergy versus departures angles azimuth from the optimal position of the 

solar collector for SDHWS in Belgrade, Serbia 
 

0

2

4

6

8

10

12

14

0 10 20 30 40 50

D
ef

ic
it 

av
oi

de
d 

ex
er

gy
, %

Departures angles slope, [º]

Smaller angle azimuth (annual deficit)

Larger angles azimuth (annual deficit)

0

5

10

15

20

25

0 5 10 15 20 25

D
ef

ic
it 

av
oi

de
d 

ex
er

gy
, [

%
]

Departures angles from the optimal position solar collector, [º]

Smaller angle azimuth (annual deficit)

Larger angles azimuth (annual deficit)

0

5

10

15

20

25

0 5 10 15 20 25

D
ef

ic
it 

av
oi

de
d 

ex
er

gy
, %

Departures angles azimuth, [º]

Smaller angle azimuth (annual deficit)

Larger angles azimuth (annual deficit)



Jasmina Skerlić, Danijela Nikolić, Nebojša Lukić, Jasna Radulović 
 

ICQME 2016 (Petrovac, Montenegro, 28th – 30th September 2016) 153 
 

ACKNOWLEDGMENT: This investigation is а part of the project TR 33015 of Technological 
Development of the Republic of Serbia and the project III 42006 of Integral and Interdisciplinary 
investigations of the Republic of Serbia. We would like to thank to the Ministry of Education and 
Science of Republic of Serbia for the financial support during this investigation. 

REFERENCES 

[1] X.Q. Zhai, R.Z. Wang, Experiences on solar heating and cooling in China, Renewable and 
Sustainable Energy Reviews, 12 (2008) 1110–1128. 

[2] Duffie, A., Beckman, A., Solar engineering of thermal processes. NewYork: Wiley, 1991. 
[3] Mohammadi, K., Khorasanizadeh, H.,A review of solar radiation on vertically mounted solar 

surfaces and proper azimuth angles in six Iranian major cities, Renewable and Sustainable 
Energy Reviews, Vol. 47, 2015, pp. 504-518. 

[4] D.B. Crawley, L.K. Lawrie, F.C. Winkelmann, W.F. Buhl, Y.J. Huang, C.O. Pedersen, R.K. 
Strand, R.J. Liesen, D.E. Fisher, M.J.Witte, J. Glazer, EnergyPlus: creating a new-generation 
building energy simulation program, Energy and Buildings 33 (4) (2001) 319–331. 

[5] Anonymous, ENERGYPLUS, Input Output Reference - The Encyclopedic Reference to 
EnergyPlus Input and Output, University of Illinois & Ernest Orlando Lawrence Berkeley 
National Laboratory, 2009. 

[6] R.H. Henninger, M.J. Witte, D.B. Crawley, Analytical and comparative testing of EnergyPlus 
using IEA HVAC BESTEST E100-E200 test suite, Energy and Buildings 36 (8) (2004) 855–
863. 

[7] The board of trustees of the University Of Illinois and the regents of the University Of California 
through the Ernest Orlando Lawrence Berkeley, National Laboratory, ENERGYPLUS, 
EnergyPlus Engineering Document, The Reference to EnergyPlus Calculations, March 29, 
2004. 

[8] Wetter, M., 2004. GenOpt, Generic Optimization Program. User Manual, Lawrence Berkeley 
National Laboratory, Technical Report LBNL- 54199, p. 109. 

[9] M. Wetter, Simulation-Based Building Energy Optimization, Phd. Degree dissertation, 
University of California, Berkeley, 2004.  

[10] C. Audet, J.E. Dennis Jr., Analysis of generalized pattern searches, SIAM Journal on 
Optimization 13 (3) (2003) 889–903. 

[11] M. Wetter, E. Polak, Building design optimization using a convergent pattern search algorithm 
with adaptive precision simulations, Energy and Buildings, 37, 2005, 603–612. 

[12] R. Hooke, T.A. Jeeves, Direct search solution of numerical and statistical problems, Journal of 
the Association for Computing Machinery 8 (1961) 212–229. 

[13] Skerlić, J., Radulović, J.,Nikolić, D.,Bojić, M.,Maximizingperformancesofvariabletiltflat-
platesolarcollectorsforBelgrade (Serbia), J. RenewableSustainableEnergyVol. 5, No.4, 2013, 
doi: 10.1063/1.4819254. 

[14] Farahat, S.,Sarhaddi, F.,Ajam, H., Exergetic optimization of flat plate solar collectors, 
Renewable EnergyVol. 34, 2009, pp. 1169-1174. 


	PROCEEDINGS
	Petrovac, Montenegro
	28th – 30th September 2016
	ORGANIZING COMMITTEE

	P R E F A C E
	Blank Page
	Contents-ICQME-2016.pdf
	C O N T E N T S

	Blank Page
	Binder4.pdf
	01-Andros
	It is made by authors on the basis of research [1]
	It is made an author on the basis of researches [1]

	02-Arsovski
	03-Jovović
	04-Arsic
	05-Krivokapić
	Knowledge of such expert of trained personnel can be represented in Figure 4.

	06-Mitreva1
	07-Mitreva2
	08a-Vaxevanidis
	[1] A.F.J. van Raan: Citations, h-index, Journal Impact and Rankings: Not all Sorrow and Misery. CWTS: A Short History of Measuring Science, In: J. van Holsteyn, R. Mom, I. Smit, H. Tromp and G. Wolters (eds.): Perspectives on the Past: 50 years of FS...
	[2] J.A. Wallin: Bibliometric methods: pitfalls and possibilities, Basic & Clinical Pharmacology & Toxicology, Vol. 97, No. 5, pp. 261-275, 2005.
	[3] F. De Battisti, S. Salini: Robust analysis of bibliometric data, Statistical Methods & Applications, Vol. 22, No. 2, pp. 269-283, 2013.
	[4] S.H. Zyoud, S.W. Al-Jabi, W.M. Sweileh, R. Awang: A bibliometric analysis of toxicology research productivity in Middle Eastern Arab countries during a 10-year period (2003-2012), Health Research Policy and Systems, Vol. 12, No 1, art. no. 4, 2014.
	[5] D. Katsaros, V. Matsoukas, Y. Manolopoulos: Evaluating Greek departments of computer science and engineering using bibliometric indices. In: Proceedings of the Panhellenic conference on informatics (PCI), Samos Island, Greece, August 28-30, pp. 93...
	[6] T. Lazaridis: Ranking university departments using the mean h-index, Scientometrics, Vol. 82, No. 2, pp. 211-216, 2010.
	[7] N.M. Vaxevanidis, H. Despotidi, H. Prokopiou, A. Koutsomichalis: On the evaluation of the quality of research in Greek HEIs using bibliometric indices, International Journal for Quality Research, Vol. 5, No. 4, pp. 247-254, 2011.
	[8] N.M. Vaxevanidis, H. Despotidi, P.G. Asteris, G. Typas: Evaluation of research in a Greek pedagogical and technological higher education institution, in: Proceedings of the 7th Int. Working Conference ‘‘Total Quality Management - Advanced and Inte...
	[9] N.A. Kazakis: Bibliometric evaluation of the research performance of the Greek civil engineering departments in National and European context, Scientometrics, Vol. 101, No. 1, pp. 505-525, 2014.
	[10] N.A. Kazakis, A.D. Diamantidis, L.L Fragidis, M.K. Lazarides: Evaluating the research performance of the Greek medical schools using bibliometrics, Scientometrics, Vol. 98, No. 2, pp. 1367-1384, 2014.
	[11] P. Altanopoulou, M. Dontsidou, N. Tselios: Evaluation of 93 major Greek University Departments using Scholar Google, Quality in Higher Education, Vol. 18, No.1, pp. 111-137, 2012.
	[12] I. Jarić, G. Cvijanović, J. Knežević-Jarić, M. Lenhardt: Trends in Fisheries Science from 2000 to 2009: A Bibliometric Study, Reviews in Fisheries Science, Vol. 20, No. 2, pp. 70-79, 2012.
	[13] A Popovic, S. Antonic, S. Filipi Matutinovic: Rapid changes of Serbian scientific journals: Their quality, visibility and role in science locally and globally, Communications in Computer and Information Science, Vol. 317, pp. 61-70, 2012.
	[14] D. Ivanović, D. Surla, M. Racković: Journal evaluation based on bibliometric indicators and the CERIF data model, Computer Science and Information Systems, Vol. 9, No. 2, pp. 791-811, 2012.
	[15] A. Uzun: A bibliometric analysis of physics publications from Middle Eastern countries, Scientometrics, Vol. 36, No. 2, pp. 259-269, 1996.
	[16] D. Teodorescu, T. Andrei: The growth of international collaboration in East European scholarly communities: A bibliometric analysis of journal articles published between 1989 and 2009, Scientometrics, Vol. 89, No. 2, pp. 711-722, 2011.
	[17] P. H. Alfaraz, A.M. Calviño: Bibliometric study on food science and technology: Scientific production in Iberian-American countries (1991-2000), Scientometrics, Vol. 61, No. 1, pp. 89-102, 2004.
	[18] W. Glänzel: Science in Scandinavia: A bibliometric approach, Scientometrics, Vol. 48, No.2, pp. 121-150, 2000.
	[19] F. Franceschini, D. Maisano: Publication and patent analysis of European researchers in the field of production technology and manufacturing systems, Scientometrics, Vol. 93, No. 1, pp. 89-100, 2012.
	[20] A.F.J. van Raan, T.N. van Leeuwen, C. Calero-Medina: Performance of European science: research networks and profiles of EU countries in a global perspective, in: H. Delanghe, U. Muldur, L. Soete (eds): European Science and Technology Policy Towar...
	[21] P. Albarrán, J.A. Crespo, I. Ortuño, J. Ruiz-Castillo, A comparison of the scientific performance of the US and the European Union at the turn of the 21st century, Scientometrics, Vol. 85, No. 1, pp. 329-344, 2010.
	[22] N.M. Vaxevanidis: Quality assurance in Greek HEIs: Convergence or Divergence with European model?, in J.P. Davim (ed.): Mechanical Engineering Education, ISTE/ Wiley, pp. 1-60, 2012.
	[23] B.R. Martin, The use of multiple indicators in the assessment of basic research, Scientometrics, Vol.36, pp. 343-362, 1996.
	[24] J.E. Hirsch, An index to quantify an individual’s scientific research output, Proceedings of the National Academy of Sciences of the United States of America, Vol. 102, No. 46, pp.16569-16572, 2005.
	[25] J. Panaretos, C. Malesios, Assessing scientific research performance and impact with single indices, Scientometrics, Vol. 81, No. 3, pp. 635-670, 2009.
	[26] J. Bar-Ilan: Which h-index? - A comparison of WoS, Scopus and Google Scholar, Scientometrics, Vol. 74, No. 2, pp. 257-271, 2008.
	[27] N. M. Vaxevanidis, A. Vencl, P. Psyllaki, Research on Tribology in Southeastern Europe: A Bibliometric Study, FME Transactions, Vol. 43, No 3, pp. 259-268, 2015
	[28] E. Csajbók, A. Berhidi, L. Vasas, A. Schubert, Hirsch-index for countries based on Essential Science Indicators data, Scientometrics, Vol. 73, No. 1, pp. 91-117, 2007.
	[29]  A.P dos Santos Rubem, A. L. de Moura, J.C.C. Baptista Soares de Mello, Comparative analysis of some individual bibliometric indices when applied to groups of researchers, Scientometrics, Vol. 102, No 1, pp.1019-1035, 2015.

	08b-Rivera
	09-Aleksić
	10-Nikolic
	11-Marjanović
	Conclusion
	References

	12-Pravdić
	13-Pravdic
	14-Radulović
	15-Skerlić
	16-Đelović
	17-Jasarevic
	Conclusion
	References

	18-Jelic
	19-Peković
	20-Petrović
	Indicators for which in each category the frequency is 0 are eliminated from further revision because they indicate high performance and such trends should be continued in the following period. However, there are a greater number of those indicators w...
	This paper has discussed possible implementations of business analytics in performance management of the certification body by mean of joint elements of the PDCA cycle and improvement cycle. Above all, the emphasis has been put on understanding the ex...
	The results have shown that performance realization in comparison with the goal and the previous year was significantly exceeded regarding closing nonconformities within defined deadlines, administrative documentation review, report submitting, deadli...

	21-Roy
	22-Vijayabanu
	23-Vujović
	24-Cvetic
	25-Kоvаlevskyy1
	26-Kоvаlevskyy2
	27-Lazić
	28-Milivojević
	29-Misailović
	30-Nowicki
	31-Todorović
	32-Campiglia
	33-Djurić
	34-Gligorijevic
	35-Grammis
	36-Kafel
	37-Peković
	38-Roy
	39-Simović

	Blank Page



