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A Study on the Optimal Voltage for MPPT
Obtained by only Surface’'s Temperature of Solar Cell
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Abstract - Photovoltaic(PV) system has been studied and watched with keen interest due to a clean and renewable
power source. But, the output power of PV system is not only unstable but uncontrollable, because the maximum power
point tracking (MPPT) of PV system is still hard with the tracking failure under the sudden fluctuation of irradiance.
Authors suggest that the optimal voltage for MPPT be obtained by only solar cell temperature. Having an eye on that
the optimal voltage point of solar cell is in proportion to its panel temperature, with operating the power converter
whose operating point keeps its input voltage to the optimal voltage imagined by the surface’s temperature of PV panel,
the maximum power point becomes tenderly possible to be tracked. In order to confirm the availability of the proposed
control scheme. And both control methods are simulated not only on the various angle of sampling time of switching
contro], but also with the real field weather condition. As the results of that, the conversion efficiency between PV panel
and converter of the proposed control scheme was much better than that of the power comparison MPPT control, and
what is better, the output voltage of PV panel was extremely in stable when the optimal voltage for MPPT is obtained
bv only solar cell temperature.
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With the distinguishing mark of photovoltaic(PV) energy,
due to the crisis of fuel energy and the gravity of the
environmental issue, the PV energy system has been researched
with a lot of concern. However, the output power of PV
generating system is not systematically tracked and influenced
by various factors; solar irradiance, solar cell temperature and
the connected load condition. According to its characteristics,
various control methods were made public and are still being

released.

So far, the basic theory of MPPT control is the power control method was also proposed, but
climbing method". The- inefficient, especially under summer season [12).

In this paper, authors suggest that the optimal voltage for
MPPT can be obtained by only solar cell temperature. The

comparison method[1];
oretically, how to decide the width of the changing voltage(S
V) on changing the operating voltage point has been bringing
a lot of researchers to the field of MPPT research. However,
the more IV is big, the more the speed of response is fast,
but the stability of PV system becomes worse [2].

1. Introduction

"mountain

failure according to the sudden fluctuation of irradiance, which

is related to the stability of PV system, is doubtlessly the

significant demerit of the power comparison MPPT method. In
order to satisfy both the stability and efficiency of PV system,
the indirect MPPT method, which the imaginary maximum
power point is assumed from the measured data of solar
irradiance, panel's temperature, and load condition, has been
researching [11]. But, because there are many sensors, it costs.
And, the recorded data could be different from real value
according to the aged deterioration. These kinds of control

methods have their own demerit, and the constant voltage

this

is

method

optimal voltage of a solar cell is not remarkably changed by
the amount of irradiance, but in proportion to the surface's
temperature of solar cell. Therefore, if the input voltage of

converter side holds to an optimal voltage of solar cell, the

oc
Stability(PVsystem) under irradiance fluctuation

How to decide UV is dependant on various factors of PV
system. Due to the above, various methods were approached
and made public attention [3-10]. But, the risk of control

maximum power of solar cell will be optimally tracked. The

voltage-type converter can allow the input voltage to maintain
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tracking time to the maximum power point

controlling the input voltage of converter to maintain

the desired voltage. Therefore, deciding its optimal voltage
from the surface's temperature of solar cell and immediately

its

optimal voltage, the maximum power point will be trapped
without the risk of tracking failure. This proposed method
remarkably makes the stable operation possible and reduces the
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2. Module surface temperature and optimal voltage

2.1 V-l characteristics equation of solar cell

Figure 1 illustrates typical voltage-current (V-I) curves of a
multi-crystalline silicon solar cell according to the variations of
irradiance level and cell temperature. Mainly, the open-circuit
voltage of solar cell varies with cell temperature, and the
short-circuit current is directly proportional to irradiance and is
relatively steady in changing cell temperature.

Irradiance : 1.0kW/m’
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Fig. 1 V-l characteristics curves of a solar cell (a)
Influence of cell temperature, (b) Influence of
irradianc

The characteristics of a solar cell can be expressed by the
following equations(Eq. 1 and 2). [13]

1= 1.~ 1[ewo(fg - V)] W
I,= AT’exp(—_—E—"—)
n-k-T (2)

With Equation 1 above, we can conclude that the output
current and voltage of a solar cell are directly effected by
irradiance and cell temperature. Its equivalent circuit described

in Fig. 2 explains the internal condition of a solar cell.

?
Output current
Output current

Output voltage Output v&talge

Fig. 2 Equivalent circuit of a solar cell and effect of
parasitic resistances on the output of it

Both types of parasitic resistances act to reduce the fill

270

factor as shown in Fig. 2. Considering this assumption,
Equation 1 can be rewritten as Eq.3

1= 1o 1fes[ WAL R )

n-k-T
V+I- R,
Rsh (3)

2.2 Effect of temperature to open-circuit voltage of solar
cell

In order to confirm whether the optimal voltage of solar
cell is obtained by only cell temperature, there needs the
numerical analysis between the cell temperature and the optimal
voltage. The short-circuit current of solar cells is not strongly
slightly with
increasing temperature. This can be attributed to increased light

temperature-dependent. It tends to increase

absorption, since semiconductor band gaps generally decrease
with temperature. The other cell parameters, the open-circuit
voltage and the fill factor, both decrease. The relation between
short-circuit current and open-circuit voltage is explained with

Eq. 4 as the output current is zero and # is 1.

I,=I,(e"="*T—1) o)
Neglecting the small negative term, this can be written as
Eq. 5.
[ = AT ¢ ~EolfT jaVuliT ®)
sC
where A4 is independent of temperature, Eg is the linearly
extrapolated zero temperature band gap of the semiconductor
and O
dependencies of the remaining parameters determining Jo.

making up the cell, includes the temperature

Differentiating gives, with Vgo=FEg/jq,

g _ 21 & V= V)T s
aT = AyT7 e + AT’( kT)
AV o Ve— V ( V= V)T
[ T ‘( T &)] e’ ®)

Neglecting dIsc/dT in comparison with more significant
terms results in the expression
dVv . Ve~ Vet 1 kT/q)
arT T (7

This predicts an approximately linear decrease in Voc with
increasing temperature. Substituting values for silicon(Vgo~1.2V,
Voc~0.6V, 0~3,7=300K) gives

dVe _ 1.2-0.6+0.078 -
ar = 300 Vit €

(8)
=—2.3mV/" C 9
This agrees well with the experimental results. Figure 3
obtained for 160 minutes is the experimental curves, which
shows the relationship between the open-circuit voltage and cell
temperature. With this figure, it can be confirmed that the
open-circuit voltage is in proportion to cell temperature and
few relation with irradiance.
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Fig. 3 Wavetorm of the relation between open-circuit
voltage and cell temperature

2.3 Optimal voltage equation of solar cell

In 2.2 Effect of temperature to open-circuit voltage of solar
cell it is mainly explained that the open-circuit voltage of a
solar cell is inversely proportional to cell temperature. Here,
how to obtain the optimal voltage, which is the voltage point
that the output power of solar cell is maximum, with only
solar cell temperature will be described.

Assuming that the parasitic shunt resistance, Rsh, is unlimited
high, the open-circuit voltage can be obtained when the current
flowing into load, I, is zero as Eq. 10.

KK 1“( 7, 1 (10)

Consequently, the open-circuit voltage is defined as follows.

Vo=

D Y B % )

Ve="KK 1“( 7, 1 (11)
g

K== T (12)

Here, when dP/dV, Eq. 13, is zero, the voltage across of

solar cell becomes optimal, and accordingly we can obtain Eq.
14,

daP _
av = Let Lo
— I, e R KK V(4 KK IR- V) (13)
ISC
T +1
= KR KK Ve (KK IR, V) (14)

Finally, because Eq. 14 can be inserted into Eq.11, the
optimal voltage of solar cell is described as following.

KK- V,
e

_ KK- IR,
p—t e -

M Ve (1+KK- IR,- V,) (5)

With Eq. 15 it is confirmed that the optimal voltage, }op,
is strongly influenced by the open-circuit voltage, Foc.
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Using Table 1 as parameters, Figure 4 shows the alteration
of the optimal voltage and open-circuit voltage at 25Tof
temperature by changing of irradiance. The open-circuit voltage
Voc of solar cell is distorted even at the same cell temperature
of PV array, because Isc and Jos varied with different rate of
irradiance. And, Vop is also distorted by the irradiance level
because Voc is the significant factor to decide Vop as
described in Eq. 15. Figure 4 was using Eq. 11 and Eq. 15 at
25Cof cell temperature not considering Rs and Rsh.

Table 1 Parameters of a solar cell obtained from experiment

n 1.5 v 3
A 9e-2 Eg 1.103eV
Rs 0.0280 Rsh 1k
Voc at Isc at
0.58 Volt 30 A
25C T Lokwim?
0.60

0.55

0.50

0.45

Voltage (Volt)

0.40

—n-+ Optimal voltage
—o— Open circuit voltage

0.35 L
0.0 0.

i 1 1 1 o i
02 03 04 05 06 0.7 08 09 10 1.1
Insolation (kW/m?)

Fig. 4 Alteration of the optimal voltage and the open-circuit
voltage at 25C of cell temperature by changing of

the irradiance level not considering RAs and Rsh

However, according as there exist the parasitic resistances;
Rs and Rsh, in solar cell, the alteration curve of optimal
voltage in Fig. 4 must, therefore, be modified as shown in Fig.
2, which expresses the alteration of VI curve according to the
The resistance Rs affects the
terminal voltage, and the shunt resistance Rsh slightly reduces
the output current of solar cell. Figure 5 depicted by Eq. 15
shows

parasitic resistances. series

the optimal voltage points under various weather

conditions considering Rs and Rsh.

Also, as shown in Fig. 5 there is no doubt about that the
optimal voltage equation by cell temperature is different in
constant level by the different irradiance level. Table 2 shows
each parameters of the optimal voltage equation as described in
Eq. 16 briefly in regard to the irradiance level.

Vo = (uts-0)=T- (wts-y) 16)
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Table 2 Parameters of the optimal voltage equation in
accordance with irradiance level

Irradiance level u v w ¥
0.1~-0.2kW/m? 0.43404 0.1621 0.00235 -6 e-4
0.2~0.3kW/m? 0.45404 0.0621 0.00237 -7e4
0.3~ 04kW/m? 0.46604 0.0221 0.00228 4e4
0.4~0.5kW/m? 0.46964 0.0131 0.00224 -3e4
0.5~0.6kW/m? 0.47969 -0.0070 0.00224 -3 e
0.6~0.7kW/m? 0.48563 -0.0169 0.00218 -2e4
0.7~0.8kW/m? 0.49270 -0.0270 0.00239 -5e4
0.8~0.9kW/m? 0.49190 -0.0260 ( 0.00223 -3 ed
0.9~1.0kW/m? 0.49073 -0.0247 ‘ 0.00205 -1e4
16 T y — Y T — 2
141 Surface's temperature of cell : 0 Q. OkW/m ofmsolauon-
10k Vop at 25°C Rt
3
o
g

00 1 L 1 1: 1 —_ i 1
030 033 036 039 042 045 048 051 054
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Fig. 5 Alteration of the optimal voltage and the open-circuit
voltage at various cell temperature conditions by
changing of the irradiance level considering As and
Rsh

3. Total conversion efficiency when the optimal voltage

is obtained by only cell temperature

In accordance with the mentioned above, the cell tem-
perature must be a satisfactory control source to obtain the
optimal voltage of a solar cell. However, even at the same
temperature condition, the optimal voltage is slightly altered by
the irradiance level. Furthermore, it is for the most part
impossible that the feedbacked temperature for controller is
of PV array.
irradiance

same with the real average temperature

Considering these factors; temperature distribution,
dependency, parasitic resistances, and the error of the measured
temperature, it is analyzed how much we can expect the total

conversion efficiency when the measured cell temperature is
used as the control source of the optimal voltage for MPPT.

In order to actualize the numerical expression much closer
to reality, three kinds of the real weather data are used in this
paper. As shown in Fig. 6 (a), (b), and (c), the real field data
of weather condition are composed of sunny, cloudy, and rainy
day, respectively. The sampling time of data is here 1.0 sec
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and the total data point is 28,800 points for 8 hours. The real
field data of wind velocity and air humidity are omitted.
Briefly speaking about the sampling weather condition:

i) Sunny day, irradiance smoothly went up and down and
cell temperature also drew same curve

ii) Cloudy day, because of the dotted cloudy weather, irra-
diance suddenly went down and up
iii) Rainy day, it was darkly cloudy and rainy and the

average irradiance level was not over 0.2kW/m®
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Fig. 6 Three kinds of real weather data, (a) Sunny day,
(b) Cloudy day. (¢} Rainy day

The analyzed PV power generation system is depicted in
Fig. 7. Figure 8 shows the conceptual diagram of the analysis
process. Irradiance and cell temperature data is classified to
three patterns shown in Fig. 6 (a), (b), (¢). In each weather
pattern the measuring error of cell temperature is considered
from +10T to 10T and it is separated to 21 patterns. And,
the optimal voltage equation is reformed variously among Table
2. For example, if the optimal voltage equation is decided at
0.7kW/m® of irradiance, during the weather condition of Fig. 6
(a) the output power of PV array must be maximized at only
0.7kW/m’ of irradiance. The most output power points would
however be slightly estranged from the maximum points

according to the irradiance dependency and the parasitic

resistances; Rs and Rsh.



Figure 9 expresses the total conversion efficiency when the
optimal voltage is obtained by only cell temperature. In Fig. 9
the horizontal axis is used in two senses; the temperature gaps
I)between the measured temperature and the average 2)
between the feedbacked and the practical
temperature of measured spot. In case of the vertical axis, it
stands for which irradiance level is used in the optimal voltage
equation of Table 2. It means that the vertical axis symbolizes
the affect of the irradiance dependency and the parasitic
resistance. As results, the average power using the reference
voltage MPPT control are described in Table. 3.

o

Qutput voltage
of PV array

temperature

¢

Surface's temperature i

Power converter
connected to
various load

CalcuTlation of the
reference voltage using
Eq. 2.7 among Table 2.2

Modulation of the
switching pulse width

Reterence voltage

Fig. 7 MPPT control whose optimal voltage obtained by
only solar cell temperature
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Table 3 Average conversion efficiency

Factors Temperature gap between the Error of the measured Used irradiance lfevel
Examples measured and the average temperature for ¥, equation
CASE A 0T 0°C 0.8kW/m?
CASEB +4°C +2°C 0.6kW/m?
Weather The obtainable max. ave. power CASE A CASEB
Sunny day 10006 99.67% 99.63%
Cloudy day 100% 99.69% 99.67%
Rainy day 100% 98.04% 98.77%
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4, Conclusion

Considering the circumstances of PV power generation
system apparatus, CASE B, whose temperature error is +6TC,
is more reasonable case than CASE A; there is no temperature
error, and must be a realistic case. Figure 9 and Table 3
indicate that the total conversion efficiency of the reference
voltage control can be said to be over 98% at any cases
which are among +5C of temperature error and from 0.6 to

0.8 kW/m” of irradiance level of Table 2.

The sort of the solar cell experimented and analyzed is a
multi-crystalline silicon PN junction cell that research cells
approach  18-percent efficiency, and commercial modules
approach 14-percent, which is the most generalized type in
field. But, there are not only used crystalline silicon type but
also Gallium-Arsenide type and so on, so the conversion
efficiency of Fig. 9 and Table 3 must be reformed according
to the sort of solar cell. The decisive factors, which effect the
structure of Fig. 9, are the series parasitic resistance Rs and
the saturation current Jos. Also, los is significantly influenced
by Eg, A, and O. Among them, the larger series parasitic
resistance Rs has worse effect upon the conversion efficiency
when the optimal voltage obtained by only cell temperature.
Generally, the Loss Factor of Si is worse than any others, and
the Rs of Si is also much larger than others except AISh.
Because the Si cell was used here, the conversion efficiency

must be over 98% regardless of which kind of cell is used.

The horizontally cut-section structure of Fig. 9 expresses the
affect of temperature. It depends on the temperature coefficient
of Vop, and it is -2.03mV/T in case of this experimented
solar cell. And, the larger the temperature coefficient is, the
worse the conversion efficiency is as much as the measuring
error and temperature gap is wide. However, considering the
sort of solar cell, the temperature coefficient is between
-2.00mV/T and -2.50mV/T. Therefore, it is not expected that

the entire configuration form of Fig. 9 is changed.
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