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ABSTRAK

Sel fotovoltaik menukarkan cahaya matahari terus kepada tenaga elektrik. Sistem kuasa
fotovoltaik. digunakan secara meluas sebagai sumber tenaga kerana sifatnya yang
mesra alam. Terdapat dua parameter yang memberi kesan kepada keluaran sel-sel
fotovoltaik iaitu suhu fotovoltaik dan sinaran matahari. Penukar arus terus,(AT)
menukarkan voltan AT ke tahap voltan AT yang berbeza dan mengawal voltan. Dalam
projek ini,sebuah modul fotovoltaik direka dalam persekitaran Matlab Simulink untuk
menguji kesan suhu sel fotovoltaik dan sinaran matahari kepada voltan keluaran dan
arus keluaran modul fotovoltaik. Modul fotovoltaik yang dimodelkan secara pengiraan
matematik ditambah dengan sambungan elektrik untuk menjadikan sebuah model
fizikal modul fotovoltaik. Masukan untuk modul fotovoltaik adalah suhu antara 5
hinnga 100 °C dan sinaran matahari antara 100 hingga 1000 W/m?. Penukar turun AT
disambungkan dengan keluaran modul fotovoltaik untuk menurunkan dan mengawal
keluaran PV dengan kitar tugas 0.4 kepada nilai yang sesuai untuk bateri atau peralatan
AT. Keluaran sel-sel fotovoltaik berbeza mengikut suhu sel fotovoltaik dan sinaran
matahari. Kuasa maksimum modul fotovoltaik dihasilkan apabila suhu sel adalah 25 °C
dan sinaran 1000 W/m?. Penukar AT turun menurunkan keluaran voltan daripada modul
fotovoltaik dan kecekapannya adalah sekitar 34%.



ABSTRACT

Photovoltaic (PV) cells convert sunlight directly to electricity. There are two critical
parameters that affect the output of PV cells that are temperature of PV cells and
irradiance. The DC-DC converter converts dc voltages to different dc voltage level and
provide regulated output. In this project an equivalent PV module are modelled in
Matlab Simulink environment to test the effect of PV cells temperature and irradiance
to the PV module output. The PV module mathematically modelled to calculate the
current of PV module and feed into controlled current source to add electric port to
create physical model of PV module. The inputs of PV module are temperature from 5-
100 °C and irradiance from 100 to 1000 W/m?2. The DC-DC buck converter then feed
with the PV module output to step down and regulate the output of PV with 0.4 of duty
cycle to the compatible value for batteries or dc appliances. The output of PV cells
varies with the temperature of PV cells and irradiance. The maximum power of PV
module gained when the cell temperature is 25 °C and the irradiance is 1000 W/m?. The
DC-DC buck converter step down the voltage output from PV module and the
efficiency is around 34%.
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CHAPTER 1

INTRODUCTION

1.1  Background

The project is about to analyse PV power system components which are PV module and
DC-DC converter.

The PV module output can varies by the surrounding condition such as irradiance and
the PV cell temperature. DC-DC converter is an electronic technology that converts DC
voltage to another level of DC voltage and provide regulated voltage. The DC buck
converter converts higher level DC voltages to lower DC voltages to provide
compatible DC voltage for PV power system components such as battery charge

controller, battery, inverter and DC appliances.

1.2 Scope of Project
The works of the project are done under the following scopes:
i.  Design and develop software simulation of PV module.

ii. Design and develop software simulation of DC-DC buck converter with

developed PV module as the electric source for the DC-DC buck converter.



1.3 Problem Statement

i. PV panel output voltage and current are affected by surrounding condition.

ii.  The PV output voltage not compatible with battery and DC appliances.

1.4 Objectives

The objectives of this project are:

i.  To study the PV module output based on effect of irradiance and temperature of

PV cell.

ii.  Toanalyse the buck converter output with PV module as the electric source.



1.5  Thesis Outline
Chapter 1 (Introduction)

a. Basic information and overview of the project.
b. Consist of problem statements that lead to the development of the project.
c. The objectives and the scope of the project.

Chapter 2 (Literature Review)

a. This chapter review on the knowledge and past experiment regarding this

project.
Chapter 3 (Methodology)

a. The methods that used to develop this project will be review in this chapter.

b. Provide block diagrams and software descriptions.
Chapter 4 (Result and Analysis)

Chapter 5 (Conclusion and recommendation)



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The purpose of this chapter is to provide reviews on the past references of the
related to the PV power system, PV modelling, and DC-DC converter. Beside the listed
reviews, reviews on the other relevant research effort also provided. The review is

organized chronologically.
2.2  Solar Energy
2.2.1 Solar Radiation

Solar radiation can be discussed in terms of irradiance (G), irradiation (H) and
Peak Sun Hour (PSH). Irradiance can be defined as the intensity of solar power at a
point of observation with conventional unit (W/m?). Irradiation is the intensity of solar
energy at a point of observation and while PSH is solar insolation which a particular
location would receive if the sun were shining at its maximum value for a certain
number of hours.[1][2]

2.3 Photovoltaic Power System
2.3.1 Types of PV Power System

PV is a technology that converts solar radiation directly into electricity using
solar cells. The components that build up PV system are PV modules, battery bank,
charge controller, inverter and loads. There are two types of PV system which are grid
direct system and battery based system. The grid directs refer to battery less system.

These types of PV system use least component as it does not involving a battery bank.



The inverter is able to automatically control the flow of electricity from PV
array to the grid. Battery based system or stand-alone system uses battery as one of the
PV system component. Stand-alone battery based system support all loads in a home.
[1-3]

2.3.2 PV Technology
2.3.2.1  Types of PV cell Technology

Majority of PV cells made from silicon (Si).The common types of Si technology
assemble are monocrystalline and polycrystalline cells. Another type of PV cell
technology is amorphous silicon that is in thin film cells.[1- 2]

2.3.2.2 PV Nomenclature

There are some common terms that used to describe PV technology and PV

system design. Table 2.1 the basic terms in PV system.[1]

Table 2.1: PV nomenclature.

PV Description

Cell The basic unit of PV

Module A series connection of PV cells for higher power output
String A series connection of PV modules for higher voltage output
Array A combination of string of PV modules for desired production

Source: Solar Photovoltaic Power : Fundamentals. 2012.
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Figure 2.1:  Nomenclature of cell, module, string and array.

Source: Photovoltaic systems.” [Online][4]
2.3.3 Factors Affecting Output

There are two most critical ambient parameters that affect the output of PV cells

that are temperature of PV cells and irradiance. [1-2]

When the PV module exposed to sun, the module temperature gets elevated. The

temperature of cell in operation must be given serious attention in PV system design.[1]

Figure 2.2 shows the IV characteristic curve of a PV module with different cell
temperature. The IV curve shows marginal effect on current and drastic decrease on

voltage as the cell temperature gets higher.[1]

However the current output of a PV module is highly depend on irradiance. As

long as there is sunlight, the PV module does not change dramatically.[1]
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Figure 2.2:  Datasheet I-V characteristic curve with dependence of temperature
Source: BP 4175B [5]

Figure 2.3 shows the IV characteristic curve of a PV module with different
irradiance. The IV curve shows that there are linear increase of PV output current and

for the voltage has marginal increase as the amount of irradiance increase.[1]
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Figure 2.3:  Datasheet |-V characteristic curve with dependence of irradiance
Source: BP 4175B [5]



2.3.4 PV Mathematical Modelling

The PV module equivalent circuit diagram of a p-n junction represented as in
Figure 2.4. The lpy is the light generated current, the Ip is the diode current, Rqy is the
shunt resistor, Rsis the series resistor and | and V are current and voltage across the PV

cell respectively.

I
7,1 ID,],’ [ R
® ¥ Eh v

Figure 2.4: PV module equivalent circuit diagram
Source: pvpmc.sandia.gov[6]

The basic equation of the ideal PV cell that describe the the I-V characteristic is
as equation 2.1 where the Iy, is the current that generated by the incident light where
the incident light is directly proportional to the sun radiation. I, is the Shockley diode
equation, I, is the reverse saturation current of the diode [A], g is the electron
charge[1.60217646.10™° C], k is the Boltzmann constant [1.3806503.10 2 J/K], T [K] is

the temperature of the p-n junction, and « is the diode ideality constant.[7-10]

[ =Ipy — I [exp (%) - 1] 21

However, for the practical PV module, the basic equation of ideal PV cell does
not represent the practical PV module |-V characteristic because the practical PV
module composed of more than one connected PV cells which presented as R, and Ry,
in Figure 2.4. Thus equation below derives from equation that includesR and Rgy,.[7,
10]

w) _ 1] _ V4Rl 2.2

Via

I =1Ipy — I [exp(

Rsh



V; is the thermal voltage of the PV module. V; derives from equation 2.3 and Ng

Is the number of PV cells that connected in series. [7,10]

V, = NekT/q 2.3

From the manufacturer’s datasheet there is no required parameter provided for
adjusting PV module such as Ipy, R; and Rg;,. Based on the 1-V curves for irradiation
and PV cell temperature, the adjustment and validation made became easier. The
assumption of Ig- = Ipy, is used in PV models because in practical R is low and R, is

high in resistance. [7,10]

Ly,n [Alin equation 2.4 is light generated current at standard condition 25°C and
1000 W/m?.A; is the difference of actual temperature and nominal temperature. G and

G, are actual irradiance and nominal irradiance. [7,10]

G 2.4
Ipy = (Ipyn + K;A7) o
The PV model improved by the following equation,
I = Isen+KIAT 25
0 exp(—vocr;;’:VAT)—l

The value of Rs and Rsh are unknown. The value of R and R, then determine
by the iteration of equation below with initial guess of Ry = 0 to find the best value of
R, and R, that meets the IV curves from datasheet, [7,10]

(Vinp +Imp Rs) q ] + 2.6

Nsa

Rsh - mp (Vmp + ImpR ){ mp pv - Vmp IO exp[

Vmp IO - Pmp



2.4 DC-DC BUCK CONVERTER

The dc-dc converter is a power electronic circuit that convert and regulated
voltages to another level of dc voltage. The buck converter is one of dc-dc converter
that convert dc voltage to lower level of dc voltage means that the buck converter is a

step down converter.[11]

—_—

Flow of Power

Figure 2.5:  Equivalent circuit of dc buck converter

Source: wwwe.allaboutcircuits.com [12]

When the switch is closed, the diode is reverse biased. Thus the voltage across

inductor is

V,=Vs— Vo= L% 27

t

rearranging,

d_iL _ VS—VO 2.8

The current increase linearly as the derivative of current is positive constant. To

compute the change in current while switch is closed the equation modified as

dip, _ Ai, _ Ai, _ Vs-vy 2.9
de A+ DT L
VS—VO

(Aip)ciosea = ( )DT

L



When the switch is open, diode is forward biased to carry inductor current. The
voltage across the inductor is

v, = -y, = L4 2.10

rearranging,

di, _ -Vo 2.11

The current linearly decrease as the derivative of current in the inductor a

negative constant. The current inductor changes is

A b _ —Vo 212

Ar  (1-D) L

(Ai)open = ()1 = DIT

The steady state operation needs that inductor current at the end of the switching
cycle be the same as the beginning that the net change in inductor current over one

period is zero which

i ] 2.13
(ALL)closed + (ALL)open =0
equations are substitute into
Ysvo ) — 2.14
( 5 )DT+( ’ )(1—D)T_0



then 1/, is

v, = Vil 215

so the buck converter will produce lower output that is or equal to the input.

Since average capacitor current must equal to zero during steady state operation,

the average inductor current must equal as the average current in the load resistor,

Vo 216

The maximum and minimum values of the inductor current are computed as

A; 217
Imax:IL-l'TL
Vo 1[V, 1 (1+D)
=+ |20 -D)T|=V,[=
R+2[L( )] Volg + 2Lf]
A 218
Imin:ILZTL
Vor 1[Vo 1 (1-D)
— =1 =-D)T|=Vy[= -
R Z[L( )] olg 2Lf

asf = % is the switching frequency in hertz.

The continuous current in inductor need to be verified to validated the analysis.

To check for continuous current, the minimum inductor must be positive.

Imin = 0 is the boundary between continuous and discontinuous current,

1 (1-D) 2.19
=0 o[- 2
(1-D)R
L min =5

10



iIs the desired switching frequency has determined

_ (1-D)R 2.20

Lmin 2f

where L,,;, 1S the minimum inductance required for continuous current.[11][13]
2.4.1 Output Voltage Ripple

For analysis, the capacitor was assumed large to keep the output voltage being
constant. However, the output voltage cannot be kept perfectly constant with a finite
capacitance in practice. The output voltage ripple is computed from the voltage -

current relationship of the capacitor where[11]

I. =1, + Iy 221
while capacitor current is positive the capacitor charging , so
2.22
Q=CVy
AQ = CAV,
AQ
AV, = —
°Tc
the change in charge AQ
_ 1(T) (Aw) _ TAw 2.23
AQ_Z(Z)(Z)_ 8

resulting in

AV, = Thu 2.24

11



using equation

AV, =221 -p)T =

8C L 8LCf?

thus the fraction of output voltage is

AVo _ 1-D
Vo  8LCf2

2.4.2 Continuous Conduction Mode and Discontinuous Conduction Mode

Vo(1-D)

2.25

2.26

Continuous conduction mode (CCM) is when the current in the energy transfer

inductor do not goes to zero between the switching cycles. While in discontinuous

conduction mode (DCM) the current goes to zero during the switching cycles.[14]

12



CHAPTER 3

METHODOLOGY

3.1 Introduction

The project was developed in the MATLAB Simulink environment. The
information for the project was gained during the literature review. Then the
mathematical modelling of a PV module and the DC-DC buck converter was developed
in MATLAB Simulink environment.

3.2 PV Module Modelling

A set of PV module parameter was taken from a manufacturer datasheet which
Is datasheet of Kyocera-KC200GT.The PV module is a polycrystalline type. The
mathematical modelling of the PV module was designed in Matlab Simulink

environment using parameter in Table 3.1.

Table 3.1: Kyocera-KC200GT PV module parameter

Parameter Value

Imp 7.61A

Vi 26.3 V

Pmp 200.143 W
ls 8.21 A

Ve 329V

Ky -0.123 V/IK
K, 0.0032 A/K
Ns 54

13



The PV module was simulated to generate the 1-V and P-V characteristic curves
of PV module. The IV characteristic of PV module affected by different irradiance with

constant PV cell temperature is generated by setting the signal builder of irradiance and

temperature.

I~
o [ R[]
“Wout PV

W »
—
Group 1
—— Irmdiance ———  In=o Product
L
B
| S
Group 1 T —
&2 Tem perature —— = Temp -
[ L
PV

Figure 3.1:  Mathematical model of PV module

Before simulated, the signal builders were modified to generate signal for 200,
400, 600, 800 and 1000 W/m? of irradiances and the PV cell temperature was set to
constant at 25 °C.

Irradiance

Y N

___________________________________________

Time (sec)

Figure 3.2:  Signal builder for different irradiance
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Then the signal builders are set with different cell temperatures 15, 25, 50, 75
and 100 C and constant 1000 W/m? of irradiance to see the effect of PV cell

temperature.

110 —--------q-- - - T T T TN T T T T TS £ L2 A CoTTTTTTTTS
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0[---reeofeeeeees e T e oo s e

Time (sec)

Figure 3.3:  Signal builder with different PV cell temperature

3.3 PV Module and Buck Converter

The PV module was designed based on and based on PV module equivalent
diagram in Figure 2.4 and Table 3.1 The value for Ry, and R, was calculated and taken
from previous research.[7] The buck converter was designed to step down the output
voltage of PV module based on Table 3.2. Electric ports were added to the design to
create physical model of PV module so the PV module can be connected to buck
converter physically as electric source. The system of the buck converter was ensured in

CCM operation by observing the I, pattern is in CCM.

Table 3.2: Parameter of Buck Converter

Parameter Value
Duty Cycle 0.4%
Frequency 50 kHz
Inductor 4 mH
Capacitor 100 pF
Resistor 20 Q

15
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Figure 3.4:  Buck converter system with PV module

The first set of data was taken by manipulating the input cell temperature of the
PV module from range 0-100 °C and the irradiance is constant at 1000 W/m® The
second set of data was taken for input from PV module with irradiance range from 100
to 1000 W/m? and the cell temperature set to constant value at 25 °C. The parameters
that need to be observed are input voltage, input current, output voltage and output
current of buck converter when the simulation was run. The parameters then used to

calculate output voltage ripple and buck converter efficiency.

16



CHAPTER 4

RESULT & DISCUSSION

4.1 Introduction

From this project, the result was obtained by the simulation of the software. The

results from the simulation will be compared with the theory situation.
4.2 PV Module Output

The simulation of the PV module resulted to generation of the graph for 1-V
characteristic curve graph and P-V characteristic curve graph based on PV cell

temperature and irradiance.

From Figure 4.1, the y axis represents current and the x-axis represent voltage.
The bottom line is when the irradiance is 200 W/m? and in ascending manner the upper
line is when the irradiance is 1000 W/m?. The curve shows that the current outputs of
PV module are more affected towards the different value of irradiance. The current are
higher when the irradiance value increased. The value of outputs voltage also effected
but not as great as the current.

17



X ¥ Plot

Y Axis
o
I
|

Figure 4.1:  I-V Characteristic curve with different irradiance

In Figure 4.2 the y-axis represent power and the x-axis represent voltage.The
same result goes to the power of the PV module. As irradiance increase the power
generated from the PV module increase. Thus when irradiance at the highest value

which is at the peak sun, power generated by PV module is at the maximum value.

Y Axis

35 40

Figure 4.2:  P-V characteristic curve with different irradiance
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The other conditions that gives effects to the PV modue output is the
temperature of the PV cells. The bottom line represent the curve when simulated at
100 °C and with descending manner the upper line is simulated at 15 °C. When the PV
module was simulated with the variation of PV cell temperature and constant peak sun,
1000 W/m? irradiance, Result as Figure 4.3 is obtained. The output current were only
slightly effected however the output voltage of the PV module were more effected. As

the temperature goes higher the voltage value goes lower.

XY Plot

s

7

6l

4

3 -
2l

1

0 | 1 L | I L 1

0 5 10 15 20 25 30 35

X Axis

Y Axis
o
I
| 1 1

40

Figure 4.3:  1-V characteristic curve with different PV cell temperature

Thus the power generated by the PV module goes lower as the temperature
raised up. The PV module power generation drop when the temperature of the PV cell

increases as shown in Figure 4.4

19
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Figure 4.4:  P-V characteristic curve with different PV cell temperature

4.3  Buck Converter Analysis

The result from the simulation of the buck converter in figure was collected and

presented in graph.

Figure 4.5 shows the graph of output voltage ripple against PV cell temperature.
The voltage ripple is quite small around 0.0003 to 0.0004. The voltage ripple gets
higher at lower temperature and drops to 0.0003 at 60 which mean the voltage ripple is
0.0004 at higher voltage and the 0.0003 at lower voltage as the output voltage of PV

module.

20
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Figure 4.5:  Voltage ripple against PV cell temperature graph

Figure 4.6 shows that the efficiency of buck converter decrease as the PV cell
temperature increases. The efficiency of buck converter drops as the voltage drop and

the efficiency of the buck converter is quite small about 34 to 35%.

35 1
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Figure 4.6:  Efficiency against PV cell temperature graph
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The output voltage ripples of the buck converter operated with various amount
of irradiance are increasing as the irradiance increase however the output voltage ripple

drops at 750 W/m? and rise again at 850 W/m? as shown in Figure 4.7
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Figure 4.7:  Output voltage ripple against irradiance graph

Graph in Figure 4.8 shows the increasing of the efficiency of the buck converter
as the irradiance increase. The efficiency of the buck converter also small as the
efficiency of the buck converter operated with various PV cell temperatures. The

efficiency of the buck converter is around 30 to 35%.

22



w
»
]

w
(8]
1

Efficiency
w w w w
= N w S

w
o
1

N
[{e]

0 200 400 600 800 1000 1200
Irradiance, W/m?

Figure 4.8:  Buck converter efficiency against irradiance graph
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

51 Conclusions

The main objectives of this project is achieved where the effect of irradiance
and the temperature of PV panel to PV panel output was observed and studied from the
simulation of PV panel mathematical modelling in MATLAB Simulink. The current
output of PV panel is more affected than PV panel voltage output by the changes of the
irradiance. The current output of PV panel increase as the irradiance increase. The Pmp
was gained when the irradiance at 1000 W/m?. For the effect of PV panel temperature,
the voltage output of PV panel are more effected than the current output of PV panel
and the PV panel output voltage decrease as the PV panel temperature of PV panel
increase. The maximum value of voltage, current and power was gained when the PV
panel model tested at 25 °C and irradiance at 1000W/m? where Vmp , Imp ,and Pmp is

same as the data in PV panel datasheet from the manufacturer.

The analysis of the buck converter showed that the buck converter step down the input
voltage from PV module. The output voltage ripple are small around 0.0004 for both
sample of data with different PV cell temperature and irradiance. However the
efficiency of the buck converter are small as with different PV cell temperature is
around 34 % and decrease as the PV cell temperature increase. When the buck
converter tested with different amount of irradiance, the buck converter efficiency also

small around 30% t035% and the efficiency increase as the irradiance increase.
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5.2 Future Recommendation

Absolutely, there are many improvements that can be applied to the project. Based on
the project investigation, there are a few suggestions that may include into future
research relating this project in order to have a better understanding and widening the
knowledge about this project such as:

1. The power source of the project can be used with the other types of PV
technologies or the other types of renewable energy to compare which one of

the technologies is more efficient.

2. The full system of the project can be done in hardware to compare the result

between the software and hardware results.

3. The efficiency of the buck converter can be increase by adjusting the parameter
of the buck converter.
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APPENDIX Al
DATASHEET OF KYOCERA-KC200GT PV MODULE

THE NEW VALUE FRONTIER

o KYOCERA

!
1 KC200GT

HIGH EFFICIENCY MULTICRYSTAL
PHOTOVOLTAIC MODULE

®

HIGHLIGHTS OF

KYOCERA PHOTOVOLTAIC MODULES
Kyocera's advanced cell processing technology

and automated production facilities produce a highly efficient
multicrystal photovoltaic module.

The conversion efficiency of the Kyocera solar cell is over 16%.
These cells are encapsulated b 1 a tempered glass cover
and a pottant with back sheet to provide efficient protection from the severest environmental conditions.

The entire lami is installed in an anodized aluminum frame to provide structural strength and ease of installation.
Equipped with plug-in connectors.

APPLICATIONS
KC200GT is ideal for grid tie system applications.
@ Residential roof top systems @ Water Pumping systems
@ Large commercial grid tie systems @ High Voltage stand alone systems
® efc.
QUALIFICATIONS
® MODULE : UL1703 certified @® FACTORY : 1SO9001 and ISO 14001
QUALITY ASSURANCE
Kyocera multicrystal ph dules have d the g tests.

@ Thermal cycling test @ Thermal shock test @ Themmal / Freezing and high humidity cycling test @ Electrical isolation test
@ Hail impact test @ Mechanical, wind and twist loading test @ Salt mist test @ Light and water-exposure test @ Field exposure test

LIMITED WARRANTY

31 year limited warranty on material and workmanship
320 years limited warranty on power output: For detail, please refer to *category IV" in Warranty issued by Kyocera

(Long term output wamanty shall warrant if PV Module(s) exhibits power output of lass than 0% of the original minimum rated power specified at the time of sale within
10 years and less than 80% within 20 years after the date of sale to the Customer. The power cutput values shall be those messured under Kyocera's standard
the warranty in detail, please refer to Warranty issued by Kyocera)

ELECTRICAL CHARACTERISTICS

Current-Voltage characteristics of Photovoltaic Current-Voltage characteristics of Photovoltaic
Module KC200GT at various cell temperatures Module KC200GT at various irradiance levels
IRRADUANCE. AM15. e CELL TEWP. 5C
A 1000W/m*
R e N
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s 1 E
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IR N\
‘ L Zowin'|
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SPECIFICATIONS

KC200GT

M Physical Specifications Unit: mm (in.)
990 (39.0in.) .36 (1.4in.) 946 (37.2in.) _
22(0.9in.) | 22(0.9inJ ||
=& =
-]
a
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— w.E b D
c —@ = o
9 S g |ll=
© — B
o s
[Ty
3 N s
I 1
36(1.4in.)
M Specifications
H Electrical under Standard Test Conditions ("STC) H Cells
Maximum Power (Fmax) 200W [+10%.”—5%) Number per Module [54
Maximum Power Voltage (Vmpp) 26.3V
Maximum Power Current (impp) 7.61A W Module Ci
Open Circuit Voltage (voc) 3z.9v Length X Width % Depth U AR e e
Short Circuit Current (lac) B.21A Weight 18.6kg(40.7lbs.}
Max System Voltage 60OV Cable (+§720mem(29.%n) |-} 800mm(70 3in)
Temperature Coefficient of Voc —1.23x101 W'C
Temperature Coefficient of lsc 3.18x10% ASC ™ Box Ci
COA. A1 e Length X Width X Depth [ Taérme S T G L
M Electrical at B00W/n", NOCT, AM1.5 1P Code [1Pes
Maximum Power (Pmax) 142w
Maximum Power Voltage (vmpp) 23.2v [ of Efficlency under Low |
Maximum Power Current (Impp) 6.13A Dedut | 7.8%
Open Circuit Voftage (voc) 29.9V of afficiancy from an irandiance of 1000Wim? © 200Wim? (module temperature 26'C)
Short Circuit Current (ilsc) 6.62A

NOCT (Mominal Opsniting Cal Temparatura] : 47C

Please contact our offica for further information

0} KYOCERG
KYOCERA Corporation

m KYOCERA Corporation Headquarters
CORPORATE SOLAR ENERGY DIVISION

6 Takada Tobadono-cho

Fushimi-ku, Kyoto

£12-2501, Ja

TEL:(21 J?S—&d—sd?& FA)( (81)75-604-3475

hittp:/iweww. kyocera

® KYOCERA Solar Inc.

7812 East Acoma Dn

Scottsdale, AZ 95230 usAa

TEL:(1)4 4 03 or (200 580 FAX:(1)480-4 421
hittp /AW ww. kyocerasalar. com

® KYOCERA Solar do Brasil Lida.
Av. Gulgnard 661, Loja A
22790-200, Hecrelo UOB Bandelrantes, Rlo de Janelro, Brazll
TEL}55)21 -2437-8525 FAX:(56)21-2427-2338
Wi, kyoc erasolar. com.br

® KYOCERA Solar Pty Ltd.
Level 2, 6-10 Talavera Road, Morth Ryds
N.E.W. 2113, Australla

TEL: (Gl 12-9870-3948 FAX:(61)2-9888-9558
hittp: /W wew. kyoc erasolar. com.au/

] KYOCEHA Fineceramics GmbH
usller-Stras lingen, Garmany

Eritz
TEL: (49)711—99994—999 Eae: (49)711 -83934-850
hittp:fwvew, kyocerasclar. au

® KYOCERA Asia Pacific Pte. Lid.

288 Tlong Bahru Road, #13-03/05
Centrai Plaza, Singapore 168730
TEL:(65)6271-0500 FAX {65 |627 1-0800

® KYOCERA Asia Pacific Lid.

Room 801-802, Tower 1 South Seas Centre, 76 Mody Road,
Tsimshatsul Esst, Kowloon, Hong Kong
TEL:(852)2-7237183 FAX:(852)2-7244501

® KYOCERA Asia Pacific Ltd. Taipei Office

10 Fl., No.86, Nanking West Road, Talpel, Talwan

TEL:{286)2-2655-3600 FAX:(B28)2-2550-411

® KYOCERA(Tianjin) Sales & Trading Corporation
19F, Tower C HeQlao Bullding 8A GuangHua Rd.,

Chao Yang District, Beljing 100028, China
TEL:{86)10-6583-2270 FAX:(86)10-6582-2250

Kyocara resarves the right to modify thase specifications without notice

LIEA0aMo703-SAGKM
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APPENDIX B1
PV MODULE AND CONVERTER SYSTEM
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APPENDIX B2
PV MODULE INSIDE SUBSYSTEM
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