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The paper presents the functioning of a solar photovoltaic module
(PVM) that debits direct to on electric battery (EB). By a good adapting
of PVM to EB, so that the no load voltage of the two components (PVM
and EB) are well suited, during a day the energy value can be reached
near to the maximum possible value, when the PVM functions in the
maximum power point (MPP). The proposed solution is much more
economic than the classical: PVM + DC — DC + EB because the direct
current - direct current power converter, is not necessary (DC - DC).
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1. Introduction

From the renewable energy category, the solar electro energetic systems are
more and more used to obtain electric energy.[1, 5, 6].

In the papers that considers the electric energy obtained from solar energy
based on photovoltaic effect [3, 4, 9, 10] it is expected that the system with PVM
functions in the maximum power points-MPP [11, 12]. To obtain this operating
mode, a DC-DC converter between PVM and EB is necessary and so the system
becomes expensive and unprofitable economic.

Through the modification of the equivalent resistance load at the solar battery
terminals, the operation of the system is trying to be as near to the maximum
power point, but this point being unknown, the operating power of the system is
done below the maximum [9, 11]. All this methods for modification of the
equivalent load resistance, assume high cost for complex electronic equipment’s
particularly the DC-DC converters [16] and in many applications, the investments
become unprofitable.

The power obtained from the sun continues changes and the system
(PVM+DC-DC+EB), figure 1, must be so arranged that is has to function near to the
maximum power point.

209



To reduce the costs of solar energetic installations, cheap and effective
equipment’s have to be manufactured as proposed in this paper.

By mathematical modeling of voltage-current characteristics, through
computing of the obtained energy, an estimation of the profitability of the
functioning of the system PVM + EB, is proposed.

The coordinates of the maximum power point Popriv (voltage: Ugprv, current:
Iorriv) are changing in time, depending on the meteorological conditions (the
intensity of solar radiation Ps) and from this reason, the equivalent load at the
terminals of solar module (PVM) has to be correlated with the value of the solar
radiation intensity [15, 17].

DC-DC .

Figure 1. The system PVM+DC-DC+EB

Through measuring the power of the solar radiation Ps the fundamental
parameters that describes the functioning of PVM in the maximum power points
MPP, can be determinate, namely:

- the optimal load resistance Ropim, With the mathematical model of the PVM,
or, in a simplified variant, through the ratio of the no load voltages to the short-
circuit current (fig. 2) [4];

- the useful maxim electric power: Popriv;

- the Ioprv current and the Ugprv voltage corresponding to the maximum
power point.

The determination of the coordinates of the maximum power point (MPP or
Porrim), are based on the external characteristics —U = f(I) (fig. 2) of the solar
modules (PVS), characteristics that changes in depending of the nebulosity in the
atmosphere.
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Figure 2. External characteristics U = f{1)

In the following, we calculated the difference between the obtained energy
with PVM directly debiting on the EB and the maximum possible. In this respect, it
is necessary that the external characteristics U = (1) of the solar module PVM, has
to be mathematically modeled.

2. Modeling external characteristics

The proposed mathematical model for the external characteristics, U=A1)

have the form:
u(l)=(d-Tf {co{ a F—)bgT D (1)

where: g, b, cand d are constructive constants, Ps - the solar radiation power, 7
the obtained current. From the experimental external characteristics, the constants
a, b, cand dwill be determinate. [18]

The determination of the coordinates for the maximum electrical power points
Porrim (fig. 2), voltage: Uopriv and the current: Ioprv is done by cancelling the
powers derivative: P=UI, as follow:

%[(d -t ){co{ al F:;gT D 0 J =0 )

From the below equation, the current Ioprv, is Obtained and so, the voltage
Uopriv @and the power Poprpy are determined:

211



Figure 3. External characteristics with the radiant power as parameter

a PTIM T
U oPTIM — (d - {CO{OP—ngJ (3)
Case study

The external characteristics for one considered PVM, that functions at the
temperature T = (273 + 25)K, are given by the functions [4]:

314, 883 B
u@l)=4 , 4
()= {co{ (P)]} @

with Ps — the radiant power, as parameter, fig. 3.

3. The solar module functions in the maximum power points

For a functioning in the maximum power points, characterized through the
values Ugprv for voltage and Ipprv for current, it is necessary to use a DC-DC
convertor between the PVM and EB. The coordinates of the maximum power point
MPP are obtained by cancelling the derivate

e _df, J{ {314 883}] D]. 5)
d d (P.)

At P1 =900 [W], we obtain:

®_df, 1[ S(314 ssst D]=O, ©)
d d (900)

from where 7results to be 3.5533[A]. For the voltage U, we get then
0.15
U :4{co{3'§4 35533505 J] =32.232V] (7)

(900)

The resulted power is: P = 114.52[W].
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At P2 = 800[W], results P = 101.8 [W];
At P3 = 700[W], results P = 89.09 [W];
At P4 = 600[W], results P = 76.35 [W];
At P5 = 500[W], results P = 63.63 [W];
At P6 = 400[W], results P = 50.9 [W];

At P7 = 300[W], results P = 38.17 [W];
At P8 = 200[W], results P = 25.45 [W];
At P9 = 100[W], results P = 12.73 [W];
The value of the energy during one day:

W=>"P 0, =34587x10°[J]

4. The photovoltaic plant debitates on the electric batery

Usually the storage of solar energy is done in electric batteries (EB), fig.4.
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Figure 4. Photovoltaic modules and electric battery

(8)

In this case the voltage at the electric battery EB is given, for example:

V]
49

Figure 5. Operating points
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U=k2[V], the systems (PVM + EB) functioning is far away from the maximum
power points, as it can be seen in fig.5.



The operating points P; (at minimum radiation power) and P, (at maximum
radiation power) are obtained by the intersection of external characteristics U = (1)
of the PVM, with the voltage characteristics from EB: U = Ugg + rI, where ris the
resistance of the EB circuit; Ugg the voltage at the EB terminal.

5. Determination of no load voltage by electric battery U,

The cells of the electric batteries have the no load voltage less than 2 [V].The
corresponding voltage to the Maximum Power Point at Ps= 900[W], has the value:
Uoptiv = 32,232 [V] and therefore are chosen 32/2=16 cells for EB. At Ugg =32 [V]
and an intern resistance for EB of value: r=0.1[Q], the results, as in the same
conditions by the functioning in MPP, are obtained.

The electric equivalent scheme in this case, is present in fig. 6.

The operating points P; at minimum radiation power P, and P, at maximum
radiant power P, can be determined on the external characteristics U(Z) of the
PVM at the voltage U= rf+ U = 0.1+ 32 as reflected on the following:

At P1 = 900[W], results P = 112.11 [W];

At P2 = 800[W], results P = 101.8 [W];

At P3 = 700[W], results P = 89.079 [W];

At P4 = 600[W], results P = 76.353 [W];

At P5 = 500[W], results P = 63.628 [W];

At P6 = 400[W], results P = 50.901 [W];

At P7 = 300[W], results P = 38.175 [W];

At P8 = 200[W], results P = 25.449 [W];

At P9 = 100[W], results P = 12.724 [W];

The obtained energy has the value:

W =3P [, =34239x10°[J] = 0.95kWh] (9)
ER=r
1
L 1
{ (1
\:T‘ Upyyy f Ues

Figure 6. Electrical scheme PVM + EB

Through the operation of the system (PVM+DC-DC+EB) in the MPP zone,
during one day, an energy of W = 3.4587[MJ] = 0,96[kWh] is produced. By direct
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functioning on the EB, in the same time period, the obtained energy is W = 3.4239
[M]] = 095[kWh], so at a rate of less 1%.
The energy difference between the two situations is:
AW =3.4587 x10° — 4.4239x10°[ J] = 34800[J] , (10)

and represents 1%, a very small difference, in the usual application,
insignificant, especially if we consider and the efficiency of DC-DC converters too,
that can be greater than 1%.

The experimental results obtained with the solution (PVM + EB) confirmed
through the above computations are just with 0.9% below the maximum possible
energy, so this method is very simple and easy to apply in practice.

6. Conclusions

This paper analyzed the operation of one PVM that debitates the electric
energy direct at an EB. In comparison with the operation in MPP, at maximum
captured energy obtained and it can be concluded that, in this case, the system
PVM + EB is more economic that the system PVM + DC-DC + EB, the difference of
the stored energy, lays less than 1%. The possibility to eliminate the DC-DC
converter has been shown, being cheaper, functioning in conditions of high
energetic efficiency.

References

[1] Abbes D., Martinez A., Champenois G.,Gaubert J.P., Kadri R.,
Estimation of Wind Turbine and Solar Photovoltaic Energy Using Variant
Sampling Intervals, 10©2010 IEEE, pag.T12-28-T12-34.

[2] Chenni R. et al, A detailed modeling method for photovoltaic cells,
Energy, V32, pp. 1724-1730, 2007.

[3] DenHerder T., Design and Simulation of Photovoltaic Super System
Using Simulink, California Polytechnic State University, 2006.

[4] Gana O., Prostean 0., Vasar C., Babescu M. Modeling and Optimized
Control of Photovoltaic Energy Conversion Systems, International
Conference SACI Timisoara, 2012.

[5] Gana O., Babescu M., Clotea L.R, Fundamental Problems related to
the Control of Wind Energy Conversion Systems-Maximum Power
Extraction and Smoothing the Power Fluctuations delivered to the Grid’,
International Conference OPTIM, Brasov, 2012.

[6] Gana O., Babescu M., Borlea 1., Jigoria-Oprea D., Fundamental
aspects concerning Wind Power System Operation. Part 1. Mathematical
Models, Medina Tunisia 2012 IEEE MELECON

215



[7] Gana O., Babescu M., Borlea I., Jigoria-Oprea D., Fundamental
aspects concerning Wind Power System Operation. Part 2. Case Study,
Medina Tunisia 2012 IEEE MELECON, http://www.melecon2012.org

[8] Ketjoy N., Photovoltaic Hybrid Systems for Rural Electrification in the
Mekong Countries, University of Kassel, August 2005.

[9] Neamen D.A., Semiconductor Physics and Devices. New York:

Mcgraw-Hill, 2003.

[10] Qi A., Design and Simulation of Photovoltaic Water Pumping System,
California Polytechnic State University, September 2005.

[11] Oozeki T., Otani K., and Kurokawa K., An Evaluation Method for PV
System to Identify System Losses by Means of Utilizing Monitoring Data,
Conference Record of the 2006 IEEE 4th World Conference on
Photovoltaic Energy Conversion. Vol. 2, pp.2319-2322. Hawaii, May 2006.

[12] Petcut F.M., Modele matematice pentru dispozitive fotovoltaice si
utilizarea lor in sisteme de conducere automata, Teza de doctorat - UPT
Timisoara - 5 martie 2012.

[13] Posedly P., Modeling and Analysis of Photovoltaic Generation and
Storage Systems for Residential Use, Division of Research and Advanced
Studies of the University of Cincinnati, 2006.

[14] Simons G., Sethi P., Davis R., DeGroat K., Comwell D., Jenkins B.,
The Role of Renewable Distributed Generation in California’s Electricity
System, IEEE PES Summer Meeting, Vol. 1, pp. 546-547, July 2001.

[15] Sukumar Kamalasadan Khalid Al-Olimat, Modeling and Control of a
Micro-Grid Set Up using Photovoltaic Arrays, Department of Engineering
and Computer Technology Department of Electrical and Computer
Engineering, The University of West Florida, Pensacola

[16] Teodorescu R,Rik W. De Doncker,Marco Liserre,Pedro Rodriguez,
Grid Converters for PV and WT Systems, Aalborg University, Institute of
Energy Technology,DK-9220 Aalborg SE, Denmark.

[17] Tsai H. et al, Development of Generalized Photovoltaic Model Using
MATLAB/SIMULINK, Proceedings of the World Congress on Engineering
and Computer Science, San Francisco, CA, October 22-24, 2008.

[18] TRITEC - Energy for a better world - Produktkatalog

Addresses:

Lect. Dr. Eng. Cristian Paul Chioncel, “Eftimie Murgu” University of
Resita, Piata Traian Vuia, nr. 1-4, 320085, Resita, c.chioncel@uem.ro
Prof. Dr. Eng. Petru Chioncel, “Eftimie Murgu” University of Resita,
Piata Traian Vuia, nr. 1-4, 320085, Resita, p.chioncel@uem.ro

Prof. Dr. Eng. Marius Babescu, "“Politehnica” University Timisoara,
marius.babescu@upt.ro

216



