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A low-cost I-V module for long-term performance evaluation of a grid-connected
photovoltaic power system has been develop
microcontroller boards and a linux server. Current and voltage signals from the operation of solar
inverter and a 3kW PV array were digitized with a 2-channel 10-bit ADC. Data reduction

software was developed to extract the performance parameters, i.e. short circuit current, open

circuit voltage.

and ambient temperatures were also measured. All data are recorded every 5 minutes everyday.

The report presents the result of exemplary experiment for performance parameters and system
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ABSTRACT

maximum power, Fill-Factor, and series resistance. The insolation, PV back panel

efficiency from January to April 2003.

ed. The module was built using dedicated
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3.1 yayaauaa91nae (Photovoltaic Array)
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Solar module SP75

Electrical psrameters 12Viev
Maximum power rating P, Wiy 1 75
Rated cument Iy, (Al 4.4/8.8
Rated voltage Vyep 1%} 17.085
Short circunt current I 1] 4896
Open circuit voltage Vi, Vi 21.7/10.9
Thermal parameters

NOCT # 1°C] 45 +2
| Tamp. coefficient: short-circuit cutrent 206 A/ *C
Temp coelficient: opan-circut voltage -Q77Vi°C
Qualification test parameters ©

Tamperature cycling range I°Cl -40 10 +85
Humidity freeze, Damp heat % RH) 85
Maximum systam voltage i 600 V per UL romvpe cana
Wind Loading PSF  [NATY] 50 [2400]
Maximum distortion ] 1.2
Halstone impact Inches Immi 1.0 125]

MPH  [mys 52 [v=23)

Waight Pounds kgl 16.717.6)

3N 3.3 aduaeeiindueansin SEMENS ju SP-75
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¥
Tuudaz Tumaeanadl uuNTaNKA

Date | Jan Feb Mar | April | May Jun July | Aug Sep Oct Nov Dec

1 388 328 238 10S 0 N 8N 2N 78 198 308 378

2 378 328 225 10S 0 N 8N 2N 78 198 308 378

3 378 318 228 108 0 N 8N 2N 8S 208 318 378

4 378 3IS 228 98 0 N N 2N 8S 208 318 378

5 378 318 218 98 IN N N IN 8S 208 318 378
6 378 318 218 8S IN N N IN 98 218 318 378
7 378 308 208 8S IN N N IN 98 218 328 378
8 378 308 208 8S 2N 7N TN 0 10S 228 328 378
9 378 308 208 78 2N N N 0 10S 228 328 388
10 378 298 195 78 2N 8N N 0 10S 228 338 38S
11 368 298 195 7S 2N &N N 0 118 238 338 388
12 368 298 18S 6S 3N 8N 6N 0 118 238 33s8 388
13 36S 288 18S 6S 3N 8N 6N 0 128 238 338 38S
14 36S 28S 18S 58 3N 8N 6N 0 128 24S 348 38S
15 36S 288 178 s 3N 8N 6N 1S 128 24S 348 388
16 36S | 278 178 58 4N 8N 6N IS 138 255 348 388
K7 358 275 16S 48 4N 8N 6N 1S 13S 258 348 388

18 35S 278 16S 48 4N 8N 6N 28 145 258 348 388

19 358 268 16S 4S | 4N 8N 5N 25 148 268 358 388

20 358 26S 158 3S 5N 8N 5N 2S 14S 268 358 388

21 358 26S 158 3S SN 8N 5N 3S 158 26S 358 38S

22 348 258 14S 28 SN 8N 5N 3S 158 278 35S 388

23 348 258 14S 2§ SN &N SN 45 168 278 358 38S

24 348 258 14S 28 5N 8N 4N 48 16S 278 368 388

25 348 248 138 1S 5N &N 4N 4S 16S 288 36S 38S

26 348 248 13S IS 6N 8N 4N 5S 17S 288 36S 388

27 338 248 128 IS 6N &N 4N 58 178 288 365 38S

28 338 238 128 0 6N 8N 3N 58 188 298 36S 38S

29 338 5 128 0 6N 8N 3N 6S 18S 298 36S 388

30 338 - 1S 0 6N 8N 3N 6S 188 298 378 38S

31 328 2 118 = 6N : 3N 6S = 308 - 388
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3.2 dUNB3IMBS (Inverter)
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+V solar +V solar
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Parameter Conditions
Mode of operation Differential
Allowed no. of Tx and Rx 32 Tx 32 Rx

Maximum cable length

4000ft length

SN751768

Maximum data rate 10Mbps
Minimum driver output range 1.5V
Maximum driver output range 5V
Maximum driver short-circuit current 250mA
Tx load impedance 54
Rx input sensitivity 200mV
Rx input voltage range -7V to +12V
Rx logic high >200mV
Rx logic low <200mV
SN751768
4% ] :t
Rt RT
0 ( l : : }
Up to 32
Transceivers
* e 0

31 4.9 msFeusemedaanuszniedsy uazddaluinasgiu Rs-485
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4.2.2 1C 1193 SN75176B

D OR P PACKAGE logic diagram (positive logic)
{TOP VIEW) 4
DE
R 1 U s[1Vee D
RE[] 2 7(1B
DE[] 3 &[]A RE
D[] 4 5] GND
] R Bus
Function Tables
DRIVER RECEIVER
INPUT | ENABLE QUTPUTS DIFFERENTIAL INPUTS | ENABLE | OUTPUT
D DE A B A-B RE R
H H H L, VFD 202V L H
L H i H 02V <V p<02V L 7
X L Z z Vip = —0.2Vv L L
X H Z
Open L H

H=highlevel. L=low level. 7 =indeferminate, X =irrelevant, 2= high impedance (off)
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1

APPARATUS AND METHOD FOR
PROVIDING SUPPLEMENTAL
ALTERNATING CURRENT FROM A SOLAR
CELL ARRAY

BACKGROUND OF THE INVENTION

1. Field of the lavention

‘The present invention relates in general to power con-
veriers and more particularly, to a solar inverter circuit that:
(i) converts dircet currcnt (DC) power from a solar pholo-
voltaic array to a counterflowing alternating current (AC)
power in response 10 a reference AC power source, and (ii)
generates additional AC power (o supplement the reference
AC power source.

2. Background of the Related Art

Conversioa of direct current (DC) power from solar cells
to alternating currcnt (AC) power required in residential AC
lines usually employs a large number of batteries for storing
DC electrical energy from solar cells during day-time. The
batteries serve as a DC voltage source. The DC vollage
source is then converted 1o simulate sinusoidal ac voltage by
a number of mecthods. Ooe such method uscs an asynchro-
nous sine-wave generator or a digital technique to mimic an
AC voltage having a plurality of DC levels. To couple such
converled AC voltage (o the residential AC line, the phase,
frequency and ampliwude of the converted AC voltage must
be the same as that in the residential AC line. If these
parameters are nol synchronized, serious problems to the
municipal electrical supply, and/or 1o the converied solar
source would result.

BRIEF DESCRIPTION OF THE DRAWINGS

Description of the various embodiments of the invention
is now given, with reference 1o the pumbers in the figures as
follows:

F1G. 1 is a schematic diagram of a first embodiment of the
solar inverter circuit 2 of the present invention.

FIG. 2A illustrates the voltage wavelorm 17 measured
across the terminals PQ of the secondary coil 6b of he
transformer 6 of FIG. 1, when the primary coil 6a is
eaergized by an AC voltage at the plug 1.

FIG. 2B illustrates the gate vollage on devices 7 and 9
provided by the gate controlizr circuit 5 during the positive
cycle of the voltage waveform 17 of FIG. 2A.

FIG. 2C illustrates the pate voltage on devices 8 and 10
provided by the gate controller circuit § during the negative
cycle of the voltage waveform 17 of FIG. 2A.

FIG. 2D illustratcs the output current waveform L, 20
resulting from the inverter operation

[G. 3 is a schematic diagram of a second embodiment of
the solar inverter circuit 2 of the present invention.

[1G. 4A illustrates the current-voltage relationship at the
terminals of the solar cell array 3, having an open-circuil
voltage valuc V.

FIG. 4B illustrates the vollage waveform 21-1 developed
across the terminals a and ¢ of the solar cell array of FIG. 1.

[1G. 4C illustrates the voliage waveform 21-2 developed
across the terminals a—c of the solar cell array 3 of FIG. 3
depicting the effect of discharging 2 DC current into the
battery 4 and during the time interval t.

FIG. 5 illustrates one embodiment of the gate controller
circuit 5 of FIGS. 1 and 3.

FIG. 6 illustrates an exemplary solar cell array which
implements the solar inverter circuit 2 of the present inven-
tion.
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2
SUMMARY OF THE INVENTION

A novel solar inverter circuil is used to connect a solar
photovoliaic (PV) array with an aliernating current (AC)
vollage source Lo convert direct current (DC) power from the
PV array 10 AC power. The solar inverter circuit employs the
current-voltage (I-V) characteristic of the PV or solar cell,
and an H-Bridge circuit with gate controller. The gate
controller synchronizes the H-bridge with the AC voltage
source. The PV array and the solar inverter circuit can plug
directly into a residential AC plug and provides electrical
power as a supplementary AC supply. Electrical energy
required by the home appliances is supplied by the munici-
pal ACline and solar energy concurrently. Advantages of the
solar inverter circuit of the present invention include the
flexibility of using the solar inverter circuit with any number
of solar ccll pancls through the implementation of an imped-
ance transformer, and the implementation of an additional,
optional output for DC battery charging.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

FIG. 1 is a schematic diagram of a first embodiment of the
solar inverter circuit of the present invention. An allernating
current (AC) source provided via plug i, provides an AC
waveform 1o the solar inverter circuit 2. Solar energy is
received by a solar photovoltaic array or a solar cell array 3,
which in turn generates direct current (DC) power that is
provided 1o the solar inverter eircuit 2.

As shown in FIG. 1, the solar inverter circuil 2 comprises
ao H-bridge circuit 2a and a transformer 6. The H-bridge
circuit 2a compriscs a gate controller circuit 5 and four
swilching devices 7, 8, 9 and 10. In one embodiment, each
swilching device 7, 8,9 and 10 is a Field Effect Transistor
(FET). In alicrnatle embodiments, each switching device
may be an Insulated Gate Bipolar Transistor (IGBT), a
Galte-Turn-Off thyristor (GTQ), a Bipolar Junction Transis-
tor (BJT), a Silicon-Controlled-Rectifier (SCR), a bidirec-
tional triode thyristor (TRIAC), a MOS-Controlled Thyris-
tor (MCT), or any other swilching devices in which
switching can be electronically controlled by applying
appropriate signal o the gate terminal of the device. The
chosen device is of sufficient current and voltage rating 1o be
safely operating in the circuit. In one embodiment, the
H-bridge circuii 2a also comprises lour diodes Di, D2, D3
and D4.

The transformer 6 has a primary coil 6a and a secondary
coil 6b. In onc preferred embodiment, the transformer 6 is an
isolation transformer, in which the primary coil 6a and the
secondary coil 65 are not DC-coupled, and is a well-known
tyse of transformer. An example of the gate controller circuit
5, which provides the signals shown in FIGS. 2B and 2C, is
shown in FIG. 5. The signals can be generated by other
equivalent circuits known to one skilled in the an.

Operation of the solar inverter circuit 2 of FIG. 1 will now
be-described. In the H-bridge circuit 2a, the gates of the four
switching devices 7, 8, 9 and 10 are controlled by the pate
controller circuit 5. The input to the gate controller circuit §
is the voltage V., from the secondary coil of the isolation
transform>r 6. This voltage V,, is derived from an AC
source provided via plug 1. A detailed description of the gate
controller circuit 5 and the transformer 6 is provided in the
following sections.

During tke-positive cycle of the AC vollage Vi, (ie., P
is positive wiili respect to Q) shown as waveform 17 in FIG.
2A, the gate conlmller circuit S issues a pulse such as the
vollage waveform 2% shown in FIG. 2B to turn the switching,
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devices 7 and 9 on and the switching devices 8 and 10 off.
When the switching devices 7 and 9 are turoed on, the signal
path segments ab and ef act as short circuits, while the signal
path segments be and de acl as open circuits. In response, the
DC current generated Ly the solar cell array 3 takes the
signal path segment ab through the secondary coil of the
transformer 6 from node P to node Q, and thence through to
the signal path segment ef.

The solar cell array may consist of a number of individual
cells connected in series and parallel such that the current-
voliage relationship at the array’s terminals is shown in FIG.
4A. The magnitude of the open-circuit voltage of the array,
Voc in FIG. 4A, also is shown in FIG. 4B. The voltage in
FIG. 4A is actually in the opposing direction with respect to
the direction of the current flow 1. In operation, the voltage
Vpg is the opposing voltage provided through the signal
path segments, and the current at each instantaneous value
of V5, which is shown as 17 in FIG. 2A, is then shown as
the current waveform 20 in FIG. 2D. It is important to nole
that the H-bridge circuit 2a in FIG. 1 acts in the similar
manner during the negative half of the cycle of the voltage
Vpo in providing the gate signal 19 in FIG. 2C to turn on the
switching devices 8 and 10, and 1o turn off the switching
devices 7 and 9, so that the signal path segments ab and ef
are now open circuits while the signal path segments be and
de act as short circuits. In this way, the current flows in a
direction opposile to that in the positive cycle, ie., from Q
o I

In essence, the negative conductance characteristic of the
solar cell array (i.e. the direction of the current I is opposite
to that of the vollage V meationed earlier in conjunction
with FIG. 4A) yields an AC negative conductance shown in
FIG. 2D in comparison with FIG. 2A. It is very important to
assert that the current waveform 20 results from the voltage
waveform 17 which is V., without influencing the Vo
waveform. This is in contrast with a normal conductance
operation where the current waveform is in-phase with the
volltage waveform.

Referring to FIG. 1 and FIG. 3, because the current in the
coil 65 flows in the opposite direction 10 V., the current in
the coil 6a also flows in the opposite direction to the plug
(city plug) voltage, and thus AC power is delivered [rom the
circuit 2a into the city AT power line, without influencing
the city &C voltage.

The diodes D1, D2, D3 and D4 arc implemented for safety
reasons, such as to guard against short-circuiting if current
from the solar cell array 3 flows in the wrong direction when
the H-bridge circuit 2a malfunctions.

FIG. 3 illustrates a second embodiment of the solar
inverter circuit of the present invention. In this second
embodiment, the solar inverter circuit 2 also provides a DC
battery charging circuit. To ensure proper triggering of the
swilching devices in the H-bridge circuil 2a configuration, it
Is necessary o provide a small period of time, 1, during
which all switching devices 7, 8, 9 and 10 in the H-bridge
circuit 2a arc in the off-state, 5o as to prevent mistriggering.
Consequently, during this lime interval, t, (as shown in FIG.
4B) the DC current from solar cell array 3 is not converted
to AC current because there is no current flowing through
PQ during . FIG. 4B illustrates the vollage waveform 21-1
provided across the terminals a and ¢ of the solar cell array
3 without the bauery charging circuit 26,

In this second embodiment, the solar inverter circuit 2
further comprises a battery charging circuit 26. The battery
charging circuit 2b compriscs a NOR gate 11, a switching
device 12 and a diode D5. The output of the NOR gate 11
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goes high only when both the voliage waveforms 18 and 19
are off, i.e., during the time interval 1, and is used 1o cause
the switching device 12 1o conduct during the time interval
t. DC current from solar cell array 3 then passes through the
diode D5 and into the battery 4 and the DC current harnessed
may be stored in the battery 4 through trickle charging. The
vollage waveform developed across the terminals a— of the
solar cell array 3 then becomes the waveform 21-2 as shown
in FIG. 4C. It is apparent 1o one of ordinary skill in the art
that the battery 4 may comprise a pluralily of batteries that
are coupled in series and/or parallel, to have a voltage value
Ve such that on the I-V curve of FIG, 4A the product 1V
is maximum when V=V, .

FIG. 5 illustrates one embodiment of the gate controller
circuit 5 as shown in FIGS. 1 and 3. The input of the gate
controller circuil 5 is connected to the secondary turn of the
isolation transformer 6, which provides V., the voltage
waveform 17 as shown in FIG. 2A. The bridge diode 23 and
capacitor 32 provide a DC supply for the circuit 5. The
operational amplifiers 24 and 25 are configured as voltage
comparators, and each gencrate a squarc pulsc in response 1o
the input voltage waveform 17. In particular, the non-
inverting terminal of operational amplifier 24 is coupled 1o
node P, while the non-inverting terminal of operational
amplifier 25 is coupled to node Q. The inverting terminals of
cach operational amplifier 24 and 25 are coupled to a
variable resistor 22, which allows the user 1o s¢l the lime
interval t, as shown in FIGS. 2D, 4B and 4C. The output of
operational amplificr 24 is provided as an input to buffers 26
and 27, which in turn drive the gates of switching devices 7
and 9, respectively. Similarly, the output of operational
amplifier 25 is provided as an input 1o buffers 28 and 29,
which in turn generate outputs which drive the gates of
switching devices 8 and 10, respectively. The buffers 26, 27,
28 and 29 are used. 1o increase driving current to the
swilching dcvices 7, 8, 9 and 10. In one cmbodiment, the
buflers 26, 27, 28 and 29 are Schmitt triggers.

During the positive cycle of the waveform 17, the opera-
tional amplifier 24 generates a square pulse, which in tum
drives the gates of swilching devices 7 and 9, turning on the
switching devices 7 and 9. During this cycle, the operational
amplifier 25 does not generate any output, and thus, the
switching devices 8 and 10 are not tumned on. Thus, during
the positive cycie, the switching devices 7 and 9 conduct,
while the switching devices 8 and 10 do not conduct.

During th= negative cycle of the waveform 17, the opera-
tional amplifier 25 generates a square pulse, which in turn
drives the gates of switching devices 8 and 10, turning on the
switching devices 8 and 10. During this negative cycle, the
operational amplifier 24 does not generate any oulput, and
thus, the swilching devices 7 and 9 are not trned on. Thus,
during the negative cycle, the switching devices 8 and 10
conduct and the switching devices 7 and 9 do not conduct.

Simple integrated circuits and operational amplifiers
widcly available in the market and as known by onc of
ordinary skill in the art, are used in the gate controller circuit
5 to provide the waveforms 18 and 19 (FIGS. 2B and 2C)
from the waveform 17 (FIG. 2A). As described earlier, the
width of the pulses 18 and 19 are adjustable, and hence the
time intcrval, t, between the pulscs 18 and 19 is also
adjuslable, affecting the waveform 20 (FIG. 2D) and wave-
forms 21-1 and 21-2 (FIGS. 4B and 4C, respectively). The
time duration t during which a battery is charged can thus be
varied, say from 1% to 99%, with concurrent AC power
production from 99% to 1% correspondingly. This feature
allows the solar inverter circuit 2 to be readily adaptable to
the local power consumption needs for immediate AC
application as opposed 1o DC storage for immediate or later
use.
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One preferred embodiment of the isolation transformer 6
will now be described. In order to optimize the AC power
from the solar cell array 3, the “open-circuil voltage™ of the
solar ccll array 3 must be 5%-20% higher than the amplitude
0l Vpgo. Because @ single solar cell's open-circuit vollage
Vpg is less than 1 volt and the “short-circuit current”l;. is
only several milliamps, the solar cell array 3 may be
commercially available (with series and parallel connected
cells) with a specified set of Vi and Is. In order to couple
the power generated from the solar cell array 3 to the city
grd, for example, 220 Volts (AC), the isolation transformer
6 can be chosen with the transfotmer-turn-ratio to match the
220 V() with the V., needed for the optimal operation of
the solar cell array 3. 'This allows the solar inverter circuit 2
of the present invention lo provide 220 V(AC) from any
available solar cell array 3, with an arbitrary combination of
Vocand I

[t is apparent to one skilled in the art that an appropriate
transformer 6 can be chosen not anly to efficiently match the
operation of an arbitrary solar cell array 3 to the city grid but
also to match operation of the transformer 6 and the solar
cell array 3 to any other AC generator, typically a diesel
driven one or to an uninterrupted power supply (UPS). It is
apparent to one skilled in the art that the consumer can
purchase more solar cells to add on lo the solar cell array 3
to harness and to generate more AC power from the sun at
the user’s own convenience and with minor adjustments to
the translormer 6. Henee, the solar inverer circuil 2 of the
present invention is both versaule and widely applicable.

FIG. 6 illustrates an exemplary solar cell array which
implements the solar inverter circuit of the present inven-
tion. As shown, Lhe solar inverter circuil 2 may be mounted
to the back of a solar ¢¢ll array 3 pancl. An AC source
provided via plug 1 pravides an AC voltage waveform to the

solar inverter circuit 2. Solar encrgy is received by the solar 2

ccil array 3, which in turn generates DC power_that is
provided to the solar inverter circuit 2. The solar inverter
circuit 2 in turn converts the DC power to AC power, which
is returned to the AC source at plug 1. Tn addition, the solar
inverter circuit 2 may also comprise a baltery charging
circuit 2b which enables the solar inverter circuit 2 to also
gencrate DC power for immediate DC applications or for
storage in a battery 4.

Implementation of the sular inverter cireuit ¢f the present
invention provides: (i) conversion of DC solar power to AC
power through relerence w an AC voltage source, and (i)
generation ol additional DC power. Onee harnessed, both
the AC and DC powers may be utilized immediately, or the
DC portivn may be stored for later use, The [eatures of

immediate applicability and/or storage of the power, along <

with the versatility ol matching the solar power with any AC
voltage reference source, enables the solar inverier circuit of
the present invention (o be used in many applications,

Madifications and variations of the embodiments
deseribed above may be made by those skilled in the art
while remaining within the true scope and spirit of this
invention. Thus, although the present invention has heen
described in terms of certain preferred embodiments, other
embodiments that will be apparent 1o those of ordinary skill
in the art are also within the scope of this invention.
Accordingly, the scope of the invention is intended to he
defined only hy the claims which follow.

What is claimed is:

I. A circuit for converting direct current (DC) power 1o
alternating current (AC) power hased on a reference AC
vollage signal, comprising:

a first circuit coupled to receive DC power;
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a transformer having a first side and a second side, said
first side being coupled to reccive the reference AC
voltage signal; and

a second circuit coupled to the second side of said
transformer and said first circuit, said second circuit
generating a pulse hased on the reference AC vollage
signal, said second circuit controlling a conversion of
the DC power 1o AC power, wherein an AC current of
said converted AC power is opposile in phase with
respect to the reference AC vollage signal.

2. The circuit as recited in claim 1, wherein said first
circuit comprises a first and a second pair of switching
devices, said first pair of switching devices heing comple-
mentary of said second pair of switching devices.

3. The circuit as recited in claim 2, wherein said swilching
devices are field effect transistors.

4. The circuil as recited in claim 2, wherein said swilching
devices are insulated gate bipolar transistor (IGBTs).

5. The circuil as recited in claim 2, wherein said switching
devices are gate-tum-ofT thyristors (GTOs).

6. The circuil as recited in claim 2, wherein said switching
devices are hipolar junction transistars (RJTS).

7. The circuil as recited in claim 2, wherein said switching
devices are silicon-controlled-rectifiers (SCRs).

8. The circuit as recited in claim 2, wherein said switching
devices are TRIACs.

9. The circuit as recited in claim 2, wherein said swilching
devices are MOS-controlled thyristors (MCs).

10. The circuit as recited in claim 1, further comprising an
array of solar cells that generates the DC power from solar
encrgy.

1. The circuit as recited in claim 1, wherein said con-
verted AC power is supplementary 10 an existing AC pawer.

12. The circuit as recited in claim 1, wherein said trans-
former is an isolation transformer. .

13. The circuil as recited in claim 12, further comprising
an array of solar cells that generates the DC power from
solar energy; and

wherein said transformer has a turn ratio that provides an
AC vollage on said second side such that an open-
circuit voltage of said array of solar cells is 3%—20%
larger than an amplitude of the AC voltage on said
secord side.

14. The circuit as recited in claim 1, wherein s:id secord
circuit is a gate controller that generates a first pulse during
a lirst half cycle of the reference AC voltage signal, and a
second pulse during a second half cycle of the reference AC
voltage signal.

15, "The circuit as recited in claim 14, wherein said gate
controller circuit includes a control circuit that controls a
predetermined time interval between said first pulse and said
second pulse.

16. The circuit as recited in claim 15, wherein said
predetermined lime interval is between 1% lo 99% of a
period of said reference AC voltage signal.

17. I'be circuit as recited in claim 15, wherein during said
predetermined time interval, said swilching devices are
non-conducting.

18. The circuit as reciled in claim 15, further comprising
a connecting circuit and a storage cell, said connecling
circuit being coupled to receive said DC power, said con-
necting circuit providing said DC power to said storage cell
for storage during said predetermined time interval.

19. The circuit as recited in claim 15, wherein said storage
cell is a battery.

20. The circuit as recited in claim 18, further comprising
an array of solar cells thal generates the DC power from
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solar energy, wherein said storage cell comprises a plurality
of batteries having a total charged voltage that is less than an
open-circuit voltage of the array of solar cells.

21. A method for converting DC power o alternating
current (AC) power based on an reference AC vollage
signal, comprising the sleps of:

(a) providing a first circuit coupled to receive DC power;

(b) providing a transformer having a first side and a
second side, said first side being coupled 10 receive the
reference AC voltage signal; and

{c) providing a second circuit coupled to the second side
of said transformer and said first circuit, said second
circuit generating a pulse based on the reference AC
voltage signal, said second circuit controlling a con-
version of the DC power to AC power, wherein a
converled AC current is opposite in phase with respect
to the reference AC voltage signal.

22. The method as recited in claim 21, wherein in step (a),

said first circuit comprises a first and a second pair of
z

switching devices, said first pair of switching devices being
complementary of said second pair of switching devices.

23. The method as recited in claim 22, wherein in step (a),
said switching devices are insulated gate bipolar (ransistor
(IGBTs).

24. The method as recited in claim 22, wherein in step (a),
said swilching devices are gale-turn-off thyristors (GTOs).

25. The method as recited in claim 22, wherein in step (a),
said swilching devices are bipolar junclion transislors
(BITs).

10

15

8

26. Tbe method as recited in claim 22, wherein in step (a),
said switching devices are silicon-controlled-rectifiers
(SCRs).

27. The method as recited in claim 22, wherein in step (a),
said swilching devices are TRIACs.

28."I'be method as recited in claim 22, wherein in step (a),
said switching devices are MOS-controlled thyristors
(MCTs).

29. The method as recited in claim 21, further comprising
the step of generating DC power from solar energy.

30. The method as reciled in claim 21, wherein in step (c),
said second circuit is a gate controller that generates a first
pulse during a first half cycle of the reference AC voltage
signal, and a second pulse during a second-half cycle of the
reference AC voltage signal.

31. The method as recited in claim 30, further comprising
the step controlling a predetermined time interval between
said first pulse and said second pulse.

32. The method as recited in claim 31, wherein in the step
of conuolling said predetermined time interval is between
1% W 99% of a period of said reference AC vollage signal.

33. The method as recited in claim 30, further comprising
the step of providing a eonnecting circuit and a storage cell,
said coonecting circuit providing said direct current power
to said storage cell for storage during said predetermined
time interval.
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Day Time kWh| wh/5min| Insolation|rradiance Psun Pac|eincency] Tcell] Tamb Isc Voc| Imax Vmax Pmax lac Vac Pac FF Rs R"*2
14/1/03| 6:00:00 0 0 311 37.32] 726.66 0 0] 17.9] 19.7 0 0 0 0 0 0 0 0 0 0 0
14/1/03| 6:05:00 0 0 6.3] 38.32 745098 0 0] 17.9( 19.7 0 0 0 0 0 0 0 0 0 0 0
14/1/03] 6:10:00 0 0 9.41] 37.32| 72666 0 0] 17.9{ 19.7 0 0 0 0 0 0 0 0 0 0 0
14/1/03| 6:15:00 0 0 12.52| 37.32| 726.66 0 0] 17.919.7 0 0 0 0 0 0 0 0 0 0 0
14/1/03] 6:20:00 0 0 15.63| 37.32| 726.66 0 18] 19.7 0 0 0 0 0 0 0 0 0 0 0
14/1/03| 6:25:00 0 0 19.24] 43.28| 84262 0 0] 18.11 19.7 0 0 0 0 0 0 0 0 0 0 0
14/1/03| 6:30:00 0 0] 22.02| 33.35| 649.35 0 0] 18.1119.7 0 0 0 0 0 0 0 0 0 0 0
14/1/03] 6:35:00 0 0 24.55| 30.38] 591.37 0f 18] 195 0 0 0 0 0 0 0 0 0 0
14/1/03| 6:40:00 0 0 27.5] 35.34 688 0l 18.1] 19.5 0 0 0 0 0 0 0] 0 0 0
14/1/03| 6:45:00 0 0 3119 44.27| 861.95 0 0l 18.5] 19.5 0 0 0 0 0 0 0 0 0 0
14/1/03| 6:50:00{ 0.0017| 0.0017 34.46| 39.31| 765.31 0 0] 19.2 19.7 0 0 0 0 0 0 0 0 0 0
14/1/03| 6:55:00( 0.0033| 0.0017 38.9( 53.21| 1035.89 0 0] 19.3[ 19.7 0 0 0 0 0 0 0 0 0 0] 0.79299
14/1/03| 7:00:001 0.005| 0.0017| 42.83| 47.25] 919.93 0 0] 19.7)19.7 0 0 0 0 0 0 0 0 0 0] 0.77505
14/1/03| 7:05:001 0.01| 0.005| 49.25| 77.03| 1499.74 0 0] 20.2| 19.7 0 0 0 0 0 0 0 0 0 0] 0.96512
14/1/03] 7:10:00] 0.015[ 0.005] 55.34| 73.06| 1422.43 0 0 20.2[ 19.7 0 0 0 0 0 0 0 0] 0.95949
14/1/03] 7:15:00] 0.0217( 0.0067| 63.33| 95.89| 1866.96| 117.62| 4.3( 20.8| 20.2| 0.61| 387.58] 0.52| 315.86 162.7| 0.53| 223.35| 117.62| 0.49| 64.98] 0.99472
14/1/03| 7:20:00| 0.03| 0.0083 72.23| 106.81| 2079.56] 97.58| 4.69| 21.7] 20.5 0.53]| 388.03| 0.42| 318.94| 134.68| 0.44| 224.32| 97.58] 0.53] 76.82| 0.99332
14/1/03| 7:25:00| 0.04] 0.01 81.96( 116.74| 2272.83| 163.13| 5.81| 22.7) 20.7| 0.9 391.05| 0.69| 322.98| 223.99| 0.73] 223.21] 163.13| 0.5| 45.84| 0.99608
14/1/03] 7:30:00] 0.0517] 0.0117| 93.68| 140.57| 2736.68| 186.3| 6.11| 23.3| 21| 1.08( 394.94| 0.78| 328.93| 255.79] 0.84| 223.09| 186.3| 0.52| 39.93( 0.99593
14/1/03| 7:35:00| 0.065] 0.0133| 107.71| 168.36] 3277.84| 210.62| 6.43]| 23.5| 21| 1.22| 405.98| 0.88| 333.68 311| 0.95] 222.73| 210.62| 0.55| 30.15| 0.98259
14/1/03| 7:40:00f 0.08] 0.015| 123.14| 185.24| 3606.4| 231.14| 6.41] 24.1| 21.3] 1.4/ 399.55| 0.95| 339.8| 321.26| 1.04| 222.06] 231.14| 0.57| 30.32| 0.99688

LTT



Day

Time

kWh

wh/5min

Insolation

rradiance

Psun

Pac

Efficiency

Teell

Tamb

Isc

Voc

Imax

Vmax

Pmax

lac

Vac

Pac

FF

Rs

R*2

14/1/03

7:45:00

0.0967

0.0167

140.07

203.11

3954.29

258.93

6.55

24.9

215

1.65

401.42

1.08

342.37

368.83

1517

222.2

258.93

0.56

26.67

0.99636

14/1/03

7:50:00

0.1167

0.02

158.4

219.99

4282.85

282.65

6.6

256

21.8

1.76

402.32

1.18

340.05

401.11

127

222.37

282.65

0.57

25.49

0.99644

14/1/03

7:55:00

0.1367

0.02

178.72

243.81

4746.7

318.48

6.71

26.5

22

1.96

403.07

1.27

340.09

440.24

1.43

222 .66

318.48

0.56

21.34

0.99623

14/1/03

8:00:00

0.1583

0.0217

200.28

258.7

5036.61

345.24

6.85

274

2215

212

403.06

1.47

339.95

518.42

1.56

221.09

345.24

0.61

17.27

0.99529

14/1/03

8:05:00

0.1833

0.025

223.32

276.57

5384.5

369.66

6.87

28.3

22.7

2.37

403.05

1.59

340.8

562.59

1.68

220.6

369.66

0.59

15.79

0.99534

14/1/03

8:10:00

0.2117

0.0283

245.46

285.11

5550.75

393.18

7.6

29.1

23

P B

403.96

1.76

339.54

626.62

1.78

221

393.18

0.62

13.74

0.99173

14/1/03

8:15:00

0.2433

0.0317

271.07

307.34

5983.64

437.75

7.92

29.6

23

2.81

407.05

2.02

336.09

609.64

1.87

221.86

437.75

0.68

16.67

0.99597

14/1/03

8:20:00

0.285

0.0417

299.17

337.13

6563.45

560.03

8.53

31

239

2.81

407.07

2.6

333.55

867.58

2.53

221.01

560.03

0.71

13.69

0.99963

14/1/03

8:25:00

0.33

0.045

329.25

360.95

7027.3

599.7

8.53

30.7

23.4

3.05

407.09

2.74

326.04

893.14

2.7

221.75

599.7

0.72

14,44

0.99942

14/1/03

8:30:00

0.3783

0.0483

361.06

381.8

7433.17

636.02

8.56

37

23.9

3.06

407.07

204

329.25

957.24

2.83

22469

636.02

0.74

13.09

0.99994

14/1/03

8:35:00

0.4283

0.05

394.37

399.67

7781.06

664.13

8.54

32.1

24

3.58

407.77

2.96

333.56

1001.44

2.95

225.05

664.13

0.69

11.37

0.99579

14/1/03

8:40:00

0.4833

0.055

428.83

413.57

8051.64

7281

9.04

33.2

24

3.69

408.44

3.27

326.67

1068.63

3.24

224.93

7281

0.71

12.28

0.99839

14/1/03

8:45:00

0.54

0.0567

464.87

432.43

8418.86

760.33

9.03

34

24.5

3.8

407.1

342

32567

1112.45

3.38

224.62

760.33

0.72

11.63

0.99964

14/1/03

8:50:00

0.6

0.06

502.23

448.31

8728.09

794.16

9.1

348

@23

4.02

407.09

3.6

329.99

1187.18

3.54

224.55

794.16

0.72

10.48

0.99957

14/1/03

8:55:00

0.6617

0.0617

541.66

473.13

9211.27

832.75

9.04

36.5

255

4.23

407.02

3.72

322.84

1200.94

271

224.21

832.75

0.7

11.09

0.99957

14/1/03

9:00:00

0.7133

0.0638

582.82

493.98

9617.14

888.41

9.24

36.6

26.3

4.65

406.55

3.97

326.04

1295.65

3.96

224.45

888.41

0.73

9.95

0.99902

14/1/03

9:05:00

0.7733

0.0682

625.23

508.87

9907.05

921.62

9.3

36.3

25.8

4.55

406.97

4.2

327.01

1331.26

4.12

223.81

921.62

0.72

10.84

0.99942

14/1/03

9:10:00

0.845

0.0717

668.79

522.77

10177.6

956.13

9.39

36.9

26

4.75

407.33

4.36

330.26

1453.44

4.26

224.38

956.13

0.756

8.24

0.99937

14/1/03

9:15:00

0.9183

0.0733

71417

544 .61

10602.8

978.81

9.23

37.2

26

4.91

407.08

4.42

325.58

1439.05

4.4

222.59

978.81

0.72

8.97

0.99973

14/1/03

9:20:00

0.9933

0.075

760.8

559.5

10892.7

1007.3

9.25

38.1

26.5

511

407.06

4.55

3244

1477.32

4.53

222.44

1007.33

0.71

8.9

0.99963

14/1/03

9:25:00

1.0717

0.0783

808.33

570.42

11105.3

1030.5

9.28

377

25.6

5.29

407.69

4.65

325.91

1514.23

4.65

221.79

1030.53

0.7

8.58

0.99918

811



Day

Time

kWh

wh/5min

Insolation

rradiance

Psun

Pac

Efficiency

Teell

Tamb

Isc

Voc

Imax

Vmax

Pmax

lac

Vac

Pac

FF

Rs

R"2

14/1/03

9:30:00

1.1517

0.08

857.69

592.26

11530.5

1073.2

9.31

38.7

26

5.37

407.39

4.93

323.22

1508.57

4.83

222.03

1073.17

0.69

8.24

0.98951

14/1/03

9:35:00

1.235

0.0833

908.53

610.13

11878.4

1099.1

9.25

40

26.5

5.58

407.18

5.01

327.78

1643.32

4.96

221.41

1099.07

0.72

Faid

0.99954

14/1/03

9:40:00

1.32

0.085

960.37

622.04

12110.3

1118.5

9.24

41.4

22

565

405.43

5.08

323.67

1644.31

5.07

220.47

1118.48

0.72

7.8

0.99943

14/1/03

9:45:00

1.4067

0.0867

1013.36

635.94

12380.9

1147 .4

9.27

42.8

26

5.88

407.09

5.25

320.49

1681.6

5.21

220.13

1147.36

0.7

8.21

0.99982

14/1/03

9:50:00

1.4933

0.0867

1066.77

640.9

12477.6

1193

9.56

441

275

5.94

395.53

5,35

323.22

1728.66

529

225.61

1192.97

0.74

6.52

0.99809

14/1/03

9:55:00

1.5833

0.09

1121.59

657.78

12806.1

1204.6

9.41

44.8

27.5

6.06

403.06

5.44

320.43

1744.39

5.41

222.68

1204.61

0.7

7.43

0.99982

14/1/03

10:00:00

1.6767

0.0933

1177.39

669.69

13038

1227 .4

9.41

453

27.3]

6.2

403.06

5.56

318.65

1770.65

5.51

222.66

1227.4

0.71

7.49

0.99987

14/1/03

10:05:00

1.7717

0.095

12332

669.69

13038

1265.8

9.41

45.3

27.3

6.37

406.06

S

321.99

1834.12

5.68

222.93

1265.84

0.71

7.22

0.99962

14/1/03

10:10:00

1.8683

0.0967

1291.9

704.43

13714.5

12761

9.3

45

27.5

6.38

403.27

5.77

320.1

1845.85

5.73

2226

1275.07

0.72

7.04

0.99968

14/1/03

10:15:00

1.9667

0.0983

1351.6

716.35|

13946.4

1301.6

9.38

451

275

6.63

403.14

5.89

320.04

1884.15

5.87

2216

1301.61

0.7

6.9

0.9998

14/1/03

10:20:00

2.0433

0.0983

1412.95

736.2

14333

1329

9.27

44.6

27

6.73

404.16

6.05

317.87

1923.32

6.02

220.82

1328.99

0.71

7.04

0.99945

14/1/03

10:25:00

2.1333

0.0991

1475.38

749.11

14584 .2

1336.4

9.16

45.9

28.2

6.69

403.06

6.1

316.86

1936.39

6.06

220.7

1336.38

0.72

6.96

0.99985

14/1/03

10:30:00

2.2367

0.1033

15638.38

756.06

14719.5

1354.1

9.2

46.8

28.1

7.01

402.55

6.19

315.79

1954.82

6.14

220.6

1354.07

0.69

7.02

0.99978

14/1/03

10:35:00

2.34

0.1033

1601.96

763.01

14854.8

1362.2

9.17

47.5

29.2

7.05

402.03

6.2

316.28

1960.67

6.19

219.97

1362.21

0.69

6.84

0.99964

14/1/03

10:40:00

2.445

0.105

1666.04

768.96

14970.8

1372

9.16

47.3

28.9

401.76

6.22

316.22

1967.56

6.23

220.15

1372.02

0.69

6.76

0.9997

14/1/03

10:45:00

2.5267

0.107

1730.95

778.89

15164

1397.8

9.22

47.7

29

TAT

401.23

6.36

313.3

1992.13

6.36

219.91

1397.82

0.69

6.82

0.99969

14/1/03

10:50:00

2.61

0.108

17971

793.78

15453.9

14411

9.33

471

285

7.43

402.51

6.56

313.67

2057.12

6.56

219.7

14411

0.69

6.73

0.99978

14/1/03

10:55:00

2.705

0.109

1863.08

791.79

154153

1426.2

9.25

48.6

30

7.4

399,82

6.51

311.29

2027.43

6.5

219.49

1426.21

0.69

6.76

0.99956

14/1/03

11:00:00

2.815

0.11

1930.55

809.66

15763.2

1453.3

9.22

49.3

30

7.46

400.42

6.65

310.07

2063.13

6.62

219.5

1453.28

0.69

6.8

0.99984

14/1/03

11:05:00

2.925

0.11

1998.11

810.66

15782.5

1455

9.22

49.3

30.1

7.43

399.52

6.69

308.25

2062.92

6.64

21917

1454.96

0.7

6.87

0.9999

14/1/03

11:10:00

3.0383

0.1133

2065.91

813.63

15840.5

1463.3

9.24

48.4

29.3

7.42

400.13

6.76

307.82

2081.2

6.66

219.68

1463.3

0.7

6.97

0.99982

611



Day

Time

kWh

wh/5min

Insolation

rradiance

Psun

Pac

Efficiency

Tcell

Tamb

Isc

Voc

Imax

Vmax

Pmax

lac

Vac

Pac

FF

Rs

R"2

14/1/03

11:15:00

3.15

0.1117

2133.8

814.63

15859.8

1461.3

9.21

491

30

7.42

399.48

6.75

306.82

2072.41

6.67

219.24

1461.31

0.7

7.02

0.99989

14/1/03

11:20:00

3.2633

0.1133

22035

836.47

16285

1507.1

9.25

48.8

30.5

7.84

399.62

6.85

304.23

215255

6.87

219.22

1507.06

0.69

6.11

0.99937

14/1/03

11:25:00

3.3783

0.115

2273.95

845.4

16459

1506.4

9.15

50.2

311

7.84

396.26

6.87

308.8

2120.65

6.88

2191

1506.44

0.68

6.3

0.9991

14/1/03

11:30:00

3.495

0.1167

2344 .65

848.38

16516.9

1531.5

9.27

50.6

31

8.03

395.1

7.01

306.07

214483

6.97

219.66

1531.45

0.68

6.34

0.99951

14/1/03

11:35:00

3.6133

0.1183

2415.35

848.38

16516.9

1534.7

9.29

50.6

31.5

8.03

395.08

7.02

304.47

2137.05

6.95

220.68

1634.72

0.67

6.52

0.99948

14/1/03

11:40:00

3.7317

0.1183

2488.45

877.17

17077.4

1603

9.39

50.8

3

8.15

386.09

6.98

3056.52

2203.43

7.16

223.76

1603

0.7

4.76

0.99504

14/1/03

11:45:00

3.85

0.1183

2561.46

876.18

17058.1

1690.4

9.32

49.5

305

8.22

399.51

s15

309.74

2215.85

7.18

221.51

1590.44

0.67

6.17

0.99965

14/1/03

11:50:00

3.97

0.12

2634.23

873.2

17000.1

1583

9.31

50.9

3.5

8.18

394.99

TRk

305.94

2193.17

717

220.92

1582.98

0.68

6.1

0.9997

14/1/03

11:55:00

4.0917

0.1217

2706.08

862.28

16787.5

1594.8

9.5

49.5

305

8.23

399.53

f1%

309.74

2213.19

X:15

223.03

1594.78

0.67

6.18

0.9997

14/1/03

12:00:00

4.2133

01217

2779.76

884.12

17212.7

15818

9.28

50

i)

8.26

399.03

73

305.34

2227.89

7.24

220.76

1597.3

0.68

6.48

0.99943

14/1/03

12:05:00

4.3383

0.125

2854 .27

894.04

17406

1629.8

9.36

49.4

il

8.39

399.73

7.42

305.52

2267.65

7.34

222.05

1629.82

0.68

6.5

0.99957

14/1/03

12:10:00

4.4583

0.12

2928.77

894.04

17406

1632.3

9.38

49.6

31

8.39

399.53

7.42

304.85

2263.01

7.32

222.91

1632.29

0.67

6.56

0.99962

14/1/03

12:15:00

4.58

0.1217

3002.69

887.1

17270.7

1610

9.32

51

31.8

8.26

395.05

7.3

304.24

2220.05

7.22

223.14

1609.99

0.68

6.21

0.99956

14/1/03

12:20:00

4.705

0.125

3077.86

901.99

17560.6

1643.1

9.36

50.5

3%5

8.52

395.82

7.48

302.49

2263.92

7.37

222.85

1643.12

0.67

6.43

0.99943

14/1/03

12:25:00

4.83

0.125

31563.02

901.99

17560.6

1643.9

9.36

50.5

31.5

8.5

2995

7.47

304.18

2271.23

7.37

223.06

1643.9

0.67

6.62

0.99969

14/1/03

12:30:00

4.9533

0.1233

3228.36

903.97

179699:3

1643.4

9.34

49.9

314

8.52

399.57

7.47

304.12

22725

7.38

222.63

1643.45

0.67

6.62

0.99963

14/1/03

12:35:00

5.075

0.1217

3301.95

883.12

17193.4

1620.1

9.42

492

31

8.28

399.59

7.32

306.18

2241.53

7.26

223.02

1620.13

0.68

6.44

0.99954

14/1/03

12:40:00

5.1983

0.1233

3375.87

887.1

17270.7

1610.5

9.33

50.5

32

8.29

395.55

7.33

303.8

2227.86

7.24

22242

1610.52

0.68

6.3

0.99924

14/1/03

12:45:00

5.3183

0.12

3449.96

889.08

17309.3

1606.4

9.28

50.6

32

8.29

395.06

7.34

303.18

2224.59

1.25

221.49

1606.44

0.68

6.31

0.99954

14/1/03

12:50:00

5.4383

0.12

3522.65

8722

16980.8

15685.7

9.34

50.7

315

8.18

395.02

7.22

304.9

2202.14

7.2

220.29

1585.66

0.68

6.16

0.99967

14/1/03

12:55:00

5.5583

0.12

3595.99

880.15

171354

15675.3

9.19

52.1

327

8.17

3911

7.2

301.74

2173.51

7.18

219.33

1575.3

0.68

6.12

0.99969

0zl



i

Day

Time

kWh

wh/5min

Insolation

rradiance

Psun

Pac

Efficiency

Tcell

Tamb

Isc

Voc

Imax

Vmax

Pmax

lac

Vac

Pac

FF

Rs

R"2

14/1/03

13:00:00

5.675

0.1167

3668.02

864.26

16826.2

1554.3

9.24

52.9

329

8.27

391.04

302.25

2149.01

7.14

217.82

1554.31

0.66

6.17

0.99967

14/1/03

13:05:00

5.7917

0.1167

3739.95

863.27

16806.8

1547.8

9.21

543

33.7

8.31

388.41

7.13

296.1

2111.06

7.06

219.36

1547.75

0.65

6.62

0.9995

14/1/03

13:10:00

5.9083

0.1167

3812.56

871.21

16961.5

1560.7

9.2

B3.7

331

8.17

389.01

7.2

295.72

2128.53

7.1

219.58

1560.69

0.67

6.57

0.99944

14/1/03

13:15:00

6.025

0.1167

3883.92

856.32

16671.6

1651.8

9.31

51.6

325

8.21

391.96

712

300.48

2138.88

7.04

220.28

1551.82

0.66

6.55

0.99924

14/1/03

13:20:00

6.14

0.115

3954.28

844.41

16439.6

1527

9.29

53.9

33.6

7.92

381.38

6.9

301.45

2073.44

6.88

221.98

1627.03

0.69

5.03

0.99318

14/1/03

13:25:00

6.255

0.115

4025.06

849.37

16536.3

1538.3

9.3

53.4

336

8.2

390.62

-1

298.09

2116.67

7.02

219

1538.31

0.66

6.68

0.99939

14/1/03

13:30:00

6.3683

0.1133

4094.52

833.49

16227

1491

9.19

53.8

335

7.83

388.79

6.86

300.03

2058.25

6.8

219.22

1490.99

0.68

6.46

0.99947

14/1/03

13:35:00

6.4817

0.1133

4163.73

830.51

16169

1482.7

9.17

52.3

333

7.87

390.85

6.83

302.88

2069.05

6.77

219.09

1482.7

0.67

6.5

0.99935

14/1/03

13:40:00

6.5917

0.11

4232.86

829.52

16149.7

1481.2

9.17

54

34.7

7.84

389.68

6.83

301.46

2059.64

6.79

218.31

1481.24

0.67

6.47

0.99934

14/1/03

13:45:00

6.7

0.1083

4299.58

800.73

15689.2

1429.9

2T

55.8

352

7.42

387.54

6.72

294.57

1980.55

6.55

218.35

1429.91

0.69

Tl

0.99975

[14/1/03

13:50:00

6.7833

0.108

4365.9

795.77

15492.6

1324.3

53.8

33.7

7.45

377.61

6.5

296.75

1928.14

6.52

218.27

1324.34

0.69

0.99191

11411703

13:55:00

6.865

0.1065

4432.38

797.75

15531.3

1431.6

122

528

33.5

7.43

390.1

6.67

299.87

1999.03

6.56

218.19

1431.6

0.69

6.84

0.99959

[14/1/03

14:00:00

6.97

0.105

4497 .62

782.86

15241.3

1398.2

9.1%

52.6

336

T8 A

389.29

6.49

300.49

1949.1

6.41

218.09

1398.19

0.68

6.9

0.99975

[121/03

14:05:00

7.0733

0.1033

4562.19

774.92

15086.7

1362.1

9.03

555

35.7

7.21

387.53

6.35

295.71

1879

6.25

218

. 13621

0.67

7.37

0.99972

114/1/03

14:10:00

7175

0.1017

4626.19

767.97

14951.4

1348.6

9.02

54.2

342

12

387.52

6.24

299.1

1865.14

6.18

218.24

1348.55

0.68

7.07

0.99974

14/1/03

14:15:00

7.2717

0.0967

4686.96

729.25

14197.7

12931

51.9

33.5

6.71

389.8

6.02

303.13

1824.26

5.94

217.73

1293.1

0.7

77

0.99972

14/1/03

14:20:00

7.3433

0.0967

4747.73

729.25

14197.7

1251.6

9.11

519

33.5

6.56

390.87

5.81

306.61

1780.93

5.75

217.59

1251.61

0.69

7.21

0.99972

114/1/03

14:25:00

7.4267

0.0925

4806.35

703.44

13695.2

12571

9.18

Sl

335

6.6

391.22

5.83

307.29

1791.68

5.78

217.54

1257.09

0.69

7.14

0.99976

14/1/03

14:30:00

7.52

0.0933

4865.47

709.4

13811.1

1261.4

9.13

51.6

33.6

6.6

390.82

5.84

307.31

1794.34

5.78

218.07

1261.45

0.7

7.05

0.99975

14/1/03

14:35:00

7.6167

0.0918

492417

704.43

13714.5

1265.7

9.23

52.4

346

6.61

390.56

5.85

306.91

1793.94

5.81

217.93

1265.7

0.69

7.05

0.99978

14/1/03

14:40:00

7.7067

0.09

4980.56

676.64

13173.3

1211.5

9.2

53

35

6.32

389.46

56

307.18

1721.48

5.55

218.15

1211.49

0.7

7.22

0.99978

ITI1



Day Time

kWh

wh/5min

Insolation

rradiance

Psun

Pac

Efficiency

Tcell

Tamb

Isc

Voc

Imax

Vmax

Pmax

lac

Vac

Pac

FF

Rs

R~2

14/1/03|14:45:00

7.7933

0.0867

5035.04

653.81

12728.8

1170.2

9.19

516

33.5

6.07

390.72

543

306.8

1666.61

5.37

218.09

1170.17

0.7

7.66

0.99983

14/1/03]14:50:00

7.86

0.0867

5088.2

637.92

12419.6

1146

823

50.6

33

5.94

391.16

932

308.14

1637.92

5.26

217.86

1146.03

0.7

7.69

0.99978

14/1/03]14:55:00

7.9367

0.085

5141.86

643.88

12535.5

1160.3

926

49.5

325

6.01

394.36

538

310.12

1669.97

5.33

217.65

1160.31

0.7

7.74

0.99983

14/1/03]15:00:00

8.0233

0.0843

5195.18

639.91

12458.2

11647

9.27

48.5

32.1

5.95

395.94

5.34

310.96

1660.66

5.28

218.57

1154.73

0.7

7.88

0.99964

14/1/03115:05:00

8.1067

0.0833

5246.36

614.1

11955.7

1M11.7

93

48.6

82.2

5.62

401.47

5.03

318.44

1600.98

5.06

219.49

1111.69

0.71

8.06

0.99887

14/1/03]15:10:00

8.19

0.0833

5297.95

619.06

12052.4

1111.7

924

49.6

34

5.72

391.08

514

310.32

1694.51

5.07

219.06

1111.68

0.71

L7

0.99946

14/1/03|15:15:00

8.2717

0.0817

5348.71

609.13

11859.1

1089.2

9.18

50.5

33.2

5.67

389.84

5.03

307.98

1548.12

4.98

218.93

1089.23

0.7

8.02

0.99952

14/1/03]15:20:00

8.35

0.0783

5397.73

588.29

11453.2

1049.9

917

52

35

5.48

388.14

4.91

303.82

1491.3

4.8

218.59

1049.9

0.7

8.64

0.99962

14/1/03(15:25:00

8.4233

0.0733

544419

557.51

10854.1

987.03

9.09

52.4

o} 5}

5.18

387.53

4.58

305.87

1399.79

4.53

217.86

987.03

0.7

8.76

0.9996

14/1/03(15:30:00

8.495

0.0717

5489

537.66

10467.5

965.54

9.13

50.6

34

4.91

388.23

4.45

310.1

1381.26

439

217.66

955.54

0.72

8.54

0.99941

14/1/03]15:35:00

8.5633

0.0683

5632.89

526.74

10254.9

932.14

9.09

49.6

33.5

4.85

389.37

4.35

314.07

1366.2

4.28

217.99

932.14

0.72

8.45

0.99886

14/1/03]15:40:00

8.6283

0.065

5574.06

493.98

9617.14

876.56

9.1

49.3

34

4.51

389.23

4.03

310.21

1250.18

4.02

218.12

876.56

0.71

9.41

0.99877

14/1/03]15:45:00

8.6933

0.065

5615.056

491.99

9578.49

873.21|

9.12

49.1

33.9

452

389.4

3.98

313.48

1248.48

218.25

873.21

0.71

9.1

0.999

14/1/03|15:50:00

8.7533

0.06

5654.07

468.17

9114.63

820.46

49.1

34.3

4.25

389.18

3.84

304.7

1170.12

3.76

218.28

820.46

0.71

11.05

0.99961

14/1/03(15:55:00

8.8117

0.0583

5691.35

447.32

8708.76

77577

8.91

491

342

3.99

388.62

3.59

314.92

1131.28

3.56

218.46

775.77

0.73

9.93

0.99946

14/1/03]16:00:00

8.8667

0.055

5727.55

434.41

8457.51

747 .66

8.84

48.4

335

3.79

388.27

3.5

309.33

1083.46

3.42

218.76

747.66

0.74

11.09

0.99974

14/1/03]16:05:00

8.92

0.0533

5762.51

419.52

8167.6

T332

8.98

478

835

8.07

388.87

3.4

310.3

1054.56

3.34

219.54

733.2

0.72

11.32

0.99947

14/1/03116:10:00

8.9717

0.0517

5796.56

408.6

7955.01

696.19

8.75

46.8

33

3.68

389.79

3.28

309.75

978.7

3.2

217.79

696.19

0.73

14.73

0.9968

14/1/03(16:15:00

9.02

0.0483

5829.37

393.71

7665.1

640.81

8.63

46.8

33.5

3.55

388.97

2.97

315.72

966.96

294

218.19

640.81

0.7

10.39

0.99715

14/1/03]16:20:00

9.065

0.045

5860.02

367.9

7162.59

611.48

8.54

453

32.2

3.06

390.2

29

314,98

912.8

2.8

218.02

611.48

0.75

12.75

0.99977

14/1/03]16:25:00

9.1067

0.0417

5888.78

345.07

6718.07

586.73

8.73

442

31.5

3.01

390.93

272

314.29

855.4

2.69

218.25

586.73

0.73

13.68

0.99944

44\



Day

Time

kWh

wh/5min

Insolation

rradiance

Psun

Pac

Efficiency

Tcell

Tamb

Isc

Voc

Imax

Vmax

Pmax

lac

Vac

Pac

FF

Rs

R~2

14/1/03

16:30:00

9.145

0.0383

5914.97

314.29

6118.93

528.55

8.64

439

31.7

2.74

390.46

2.44

314.55

767.87

2.42

218.37

528.55

0.72

1612

0.99934

14/1/03

16:35:00

9.1717

0.0344

5939.51

294 .44

5732.39

492.57

8.59

41.8

32

2.55

390.17

2.29

317

725.53

225

218.78

49257

0.73

15.56

0.9994

14/1/03

16:40:00

9.2

0.0313

5963.05

282.53

5500.46

462.48

8.41

41.7

31.5

2.34

389.58

255

310.47

666.3

2.11

218.79

462.48

0.73

17.96

0.99913

14/1/03

16:45:00

8.23

0.03

5984.36

255.72

4978.63

413.88

8.31

41.1

ARy

216

388.6

1.93

312.82

602.48

1.88

219.58

413.88

0.72

19.28

0.9989

14/1/03

16:50:00

9.255

0.025

6004.76

2448

4766.03

372.35

7.81

41

7

1.99

387.57

d=F5

310.06

51172

1.69

220.61

372.35

0.71

29.59

0.99889

14/1/03

16:55:00

9.2767

0.0217

6023.51

22495

4379.49

328.9

7.51

3915

31

1.83

387.53

1.56

316:%

436.65

15

218.93

328.89

0.67

38.73

0.99833

14/1/03

17:00:00

9.295

0.0183

6040.76

207.08

4031.6

288.38

7.15

38.4

30.2

1.62

387.57

=2

308.49

371.48

1.29

222.75

288.38

0.64

29.15

0.99652

14/1/03

17:05:00

9.3117

0.0167

6056.37

187.23

3645.05

256.87

7.05

38.1

29.8

1.51

387.52

1.09

321.58

354.74

1.18

218.21

256.87

0.66

27.08

0.99753

14/1/03

17:10:00

9.325

0.0133

6070.15

165.39

3219.86

219:93

6.83

379

30

1.42

387.52

0.95

319.11

302.6

1.01

2176

219.93

0.64

34.92

0.99585

14/1/03

17:15:00

9.335

0.01

6078.31

97.88

1905.61

177.79

6.53

37.1

295

0.97

387.55

0.83

31112

259.37

0.82

217.53

177.79

0.62

455

0.99705

14/1/03

17:20:00

9.345

0.01

6086.46

97.88

1905.61

158.05

6.29

36.3

29:5

0.89

387.54

0.72

300.33

217.67

0.73

217.35

158.05

0.63

60.23

0.99765

14/1/03

17:25:00

9.3517

0.0067

6093.63

85.97

1673.69

93.543

6.12

358

292

6363

373.93

043

302.8

129.64

0.43

219.07

93.54

0.6

81.74

0.98405

14/1/03

17:30:00

9.3583

0.0067

6100.71

84.97

1654.36

106.51

6.11

343

29

0.57

365.38

0.5

204.4

146.67

0.49

218.59

106.51

0.56

69.22

0.99258

14/1/03

17:35:00

9.3617

0.0033

6106.71

72.07

1403.11

85.587

6.1

332

29

0.44

358.51}

0.41

291.8

120.69

0.39

217.99

85.59

0.58

79.4

0.99294

14/1/03

17:40:00

9.365

0.0033

6112.39

68.1

1325.8

78.918

5.95

325

28.7

0.43

356.25

0.38

294.34

110.82

0.36

217.41

78.92

0.55

80.63

0.99468

14/1/03

17:45:00

9.3683

0.0033

6118.06

68.1

1325.8

65.461

4.94

o i

285

0.35

361115

0.32

284 .51

90.39

0.3

217.52

65.46

0.57

103

0.98008

14/1/03

17:50:00

9.3717

0.0033

6123.24

62.14

1209.83

46.994

3.88

31.3

282

0.25

342.14

0.24

288.93

67.94

0.22

21717

46.99

0.52

113.7

0.97896

14/1/03

17:55:00

9.3733

0.0017

6127.76

54.2

1055.22

0

30.6

28.2

0.93194

14/1/03

18:00:00

9.3733

0

6131.7

47.25

919.93

0

30.2

28

0.92158

€Tl
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