enables more efficient pumping. The tap water which seems to be quite pure can also produce
some minerals from the water in the pump. To prevent this, the distilled water can be used,
which however would cost more. On the other hand, you can also change the water more '
frequently and pay more attention of the water cleani ng.

Q58.What are typical characteristics of PV module?

A photovoltaic system (or PV system) is a system which uses one or more solar panels to convert
sunlight into electricity. It consists of multiple components, including the photovoltaic modules,

mechanical and electrical connections and mountings and means of regulating and/or modifying the
electrical output.

Due to the low voltage of an individual solar cell (typically ca. 0.5V), several cells are wired in series
In the manufacture of a "laminate". The laminate is assembled into a protective weatherproof

enclosure, thus making a photovoltaic module or solar panel. Modules may then be strung together
Into a photovoltaic array. The electricity generated can be either stored, used directly

feed into a small grid (hybrid plant). Depending on the type of application, the rest of the system
("balance of system" or "BOS") consists of different components. The BOS depends on the load

profile and the system type. Systems are generally designed in order to ensure the highest energy
yield for a given investment.

Q65.Write equation for overall efficiency of solar water system.
To calculate BTUNeed, use the following formula:

BTUNeed = 8.34 X Gallons X (122 - Coldtemp) X Standby loss factor
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Q1.Sketch the waveforms for (a) DC to pulsating AC inverter (b) Modified sine wave , step sine wave
inverter (c) PWM inverter.

An inverter is an electrical device that converts direct current (DC) to alternating current
(AC) the converted AC can be at any required voltage and frequency with the use of
appropriate transformers, switching, and control circuits.

Solid-state inverters have no moving parts and are used in a wide range of applications, from
small switching power supplies in computers, to large electric utility high-voltage direct
current applications that transport bulk power. Inverters are commonly used to supply AC

power from DC sources such as solar panels or batteries.

The inverter performs the opposite function of a rectifier.
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Q2.Sketch the block diagram for stand alone PV system.
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alternating current(AC) electricity and feeds it into an existing ele
convert direct current produced bymany renewable energy sc ]-

not available.

Q5.What are the applications of inverter?

An inverter is an electrical device that converts direct current (DC) to alternating current
(AC) the converted AC can be at any required voltage and frequency with the use of
appropriate transformers, switching, and control circuits.

Solid-state inverters have no moving parts and are used in a wide range of applications, from
small switching power supplies in computers, to large electric utility high-voltage direct
current applications that transport bulk power. Inverters are commonly used to supply AC

power from DC sources such as solar panels or batteries.
The inverter performs the opposite function of a rectifier.

A solar inverter or PV inverter is a critical component in a solar energy system. It performs the
conversion of the variable DC output of the Photovoltaic (PV) modules into a utility frequency AC
current that can be fed into the commercial electrical grid or used by a local, off-grid electrical
network. An inverter allows use of ordinary mains-operated appliances on a direct current system.
Solar inverters have special functions adapted for use with PV arrays, including maximum power

point tracking and anti-islanding protection.

Q6.Sketch basic inverter principle circuit and operating principle.




© ARBEIATINN OF e St o coswat m e e winding of Bhe transRamer i
ORI UL AC) e vy et v R

nmhn.mmmmmmm

1 F I I

W R PWAM techaokogy

SN Iverter ot used with PW technokgy.

PR O Patve WRITHY Moduiation i« the technolagy
Brerters. When compared to the CONVentRonal -.
Mverter Offers superion guality. PWa vertesx
3y tvpe OF loads can be Yaanected o
RO DrOtRction chrowity

YH

N generate & ceady GUEBUE Waltage fom
Mhm&mﬁ%ﬂumhm WA
fers uve ‘Mosm Technalogy at the sutput stage. 6 th
the Inverter. These inverters alko have witage control and

L IPUE It can be show that the |
WAl NOT of the fiest input This

o hn e e




A real ring oscillator only requires power to operate; above a certain threshold volta e,

oscillations begin spontaneously. To increase the frequency of oscillation, two methods m

be used. Firstly, the applied voltage may be increased; this increases both the ﬁequmumay ,

the oscillation and the power consumed, which 1s dissipated as heat. The heat dissib'atedﬁf"- -.

limits the speed of a given oscillator. Secondly, a smaller ring oscillator may be fabricated:
this results in a higher frequency of oscillation given a certain power consumption. i

Q11.A crystal oscillator has the following parameters Co =50PF Co= 10PF R = 100Q at 10MHZ for a
CMOS inverter with an open loop gain a =200 calculate the value of feedback resistor. '

Q12.Explain the operational requirement of crystal oscillator for inverter.

A crystal oscillator is an electronic oscillator circuit that uses the mechanical resonance of a vibrating
crystal of piezoelectric material to create an electrical signal with a very precise frequency. This

frequency is commonly used to keep track of time (as in quartz wristwatches), to provide a stable
clock signal for digital integrated circuits, and to stabilize frequencies for radio transmitters and

receivers. The most common type of piezoelectric resonator used is the quartz crystal, so oscillator
circuits designed around them became known as "crystal oscillators.”

A crystal is a solid in which the constituent atoms, molecules, or ions are packed in a
regularly ordered, repeating pattern extending in all three spatial dimensions.

Almost any object made of an elastic material could be used like a crystal, with appropriate
transducers, since all objects have natural resonant frequencies of vibration. For example,
steel is very elastic and has a high speed of sound. It was often used in mechanical filters
before quartz. The resonant frequency depends on size, shape, elasticity, and the speed of
sound in the material. High-frequency crystals are typically cut n the shape of a simple,
rectangular plate. Low-frequency crystals, such as those used in digital watches, are typically
cut in the shape of a tuning fork. For applications not needing very precise timing, a low-cost
ceramic resonator is often used in place of a quartz crystal.

When a crystal of quartz is properly cut and mounted, it can be made to distort in an electric
field by applying a voltage to an electrode near or on the crystal. This property 1S knpr as
piezoelectricity. When the field is removed, the quartz will generate an electric field as 1t
returns to its previous shape, and this can generate a voltage. The result is that a qyartz crystal
behaves like a circuit composed of an inductor, capacitor and resistor, with a precise resonant
frequency. (See RLC circuit.)

Quartz has the further advantage that its elastic constants and 1ts S1Z€ chapge in such away
that the frequency dependence on temperature can be very low. The spe_czlﬁc charaqtenstlps
will depend on the mode of vibration and the angle at which the quartz 1s cut (relative to {ts
crystallographic axes). Therefore, the resonant frequency of the plate, which d§pends on its
size, will not change much, either. This means that a quartz clock, filter or oscillator will
remain accurate. For critical applications the quartz oscillator is mounted in a temperature-
controlled container, called a crystal oven, and can also be mounted on shock absorbers to

prevent perturbation by external mechanical vibrations.




Q13.Explain the basic principle of sine wave inverter. RS f

| , £ PR L L
A pure sine wave inverter produces a nearly perfect sine wave output (<3% total harmon;c

distortion) that is essentially the same as utility-supplied grid power. Thus it is comp; tit .r h
electronic devices. This is the type used in grid-tie inverters. Its design is more complex, an ' J
more per unit power. The electrical inverter is a high-power electronic oscillator. It is 5o R
because early mechanical AC to DC converters were made to work in reverse, and thus were s
"inverted", to convert DC to AC. 1
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Q14.Sketch the graphs for square wave , modified sine wave & pure sine wave.
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The main advantage of PWM is that power loss in the switching devices is o,

itch 1s off t is practical lyrpmamadm it is on, there ﬂ wmm'

circuit at two pomts to obtam two complementary sine waves. We are not nsing these voltages to
sower anything. they are used as what are called “reference voltages™ or voltages that guide the
operation of another part of the arcuit. Because we canmot allow our circut to use 2 negative rail
(onfy have one power source). at this stage, our sine wave clips, and we have only the top half of both
3 sine w2ve and 2 —Sime wWave

017 Sketch H bridge construction & operation table.

Operation

- ~ - . . -
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The two basic states of an H bridge

The H-bridge arrangement is generally used to reverse the polarity of the motor, but can also
be used to brake’ the motor, where the motor comes 10 2 sudden stop, as the motor's terminals
are shoried. or to let the motor free run’ to 2 stop, as the motor 1S effectively dim“m ,
from the circmt. The following table summarises operation, with $1-84 correspondmg to the

S1S28384 Reault

I 0 0 1 Motor moves right
O 1 1 0 Motor moves left
O 0 0 0 Motor free runs

0 I 0 1 Motor brakes

I 0 1 0 Motor brakes

g _




F" ' Q18.Explain MOSFET driver with sketch.

drain ' .
' " [ '- il i
gate - e
| | Y I'"_.tlr:lqll s
' LIRES ’JJLJ R

sOouIce O
§ib ,l‘il i
The source terminal is normally the negative one, and the drain is the positive one (the na

meﬁ_ |.__‘£qh*.
to the source and drain of electrons). The diagram above shows a diode connected acrossthe

MOSFET. This diode is called the "intrinsic diode", because it is built into the silicon structure of the
MOSFET. It is a consequence of the way power MOSFETSs are created in the layers of silicon,
be very useful. In most MOSFET architectures, it is rated at the same current as the MOSFET itself

‘ ".

The power handling of the package without an extra heatsink is very small. On some MOSFE_‘i"s,‘ '-f he
metal tab is connected internally to one of the MOSFETs

terminals - usually the drain. This is a .I
disadvantage as it means that you cannot fit more than one MOSFET to a heatsink without .
electrically isolating the MOSFET package from the metal heatsink. This can be done with thin mica

sheets placed between the package and the heatsink. Some MOSFETs
from the terminals.

o

have the package isolatéd"T "

Q19.Explain inverter circuit protection and snubber.

Thc—_: only way an Inverter could overload a circuit would be on the supply side. The
fusing/protection for the inverter is Incorrect.

Protection of switching devices and circuits: Switeh: _ _ [
. + SWitching d | el
may fail due to the following reasons. g€ devices and circuit componenll:s; |

1. Overheating — thermal failure
2. Overcurrent

3. Overvoltage — usually happens during turn-off
4. Excessive

dt
di

5. Excessive gar
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An example of PWM in an AC motor drive: the phase-to-phase voltage (blue) is modulated

as a series of pulses that results in a sine-like flux density waveform (red) in the magnetic

circuit of the motor. The smoothness of the resultant waveform can be controlled by the
width and number of modulated impulses (per given cycle)

Pulse-width modulation (PWM), or pulse-duration modulation (PDM), is a commonly

used technique for controlling power to inertial electrical devices, made practical by modern
electronic power switches.

The average value of voltage (and current) fed to the load is controlled by turning the switch

between supply and load on and off at a fast pace. The longer the switch is on compared to
the off periods, the higher the power supplied to the load 1s.

The PWM switching frequency has to be much faster than what would affect the load, )Nhich
is to say the device that uses the power. Typically switchings have to be done several times a
minute in an electric stove, 120 Hz in a lamp dimmer, from few kilohertz (kHz) to tens of kHz

for a motor drive and well into the tens or hundreds of kHz in audio amplifiers and computer
power supplies.

The term duty cycle describes the proportion of 'on' time to the regular interval or ‘period' of time;

a low qUty cycle corresponds to low power, because the power 18 off for most of the time. Duty
cycle is expressed in percent, 100% being fully on.

Thf: main advantage of PWM is that power loss in the switching devices is very low. When a
switch is off there is practically no current, and when it is on, there is almost no voltage drop
across the switch. Power loss, being the product of voltage and current, is thus in both cases

close to zero. PWM also works well with digital controls, which, because of their on/oft
nature, can easily set the needed duty cycle.

PWM has also been used in certain communication systems where its duty cycle has been used
o convey information over a communications.



LExplain active filter and passive filter. | ot e el Y A

An active filter is a type of analog electronic filter, distinguished by the use of one or iy ore active

- £ 4 nli ‘ Typically this will be a vacuum tube, ol
components i.e. voltage amplifiers or buffer amplifiers. lypically - ' tube, or solig
state (transistor or operational amplifier). 118 '

1 I
- 4 |

Passive filters: Passive implementations of linear filters are based on combinations of resistors (R}

inductors (L) and capacitors (C). These types are collectively known as passive filters, because t}

do not depend upon an external power supply and/or they do not contain active components such
as transistors.

Q22.Sketch the example diagram of pure sine wave inverter and explain it’s operation.

A pure sine wave inverter produces a nearly perfect sine wave output (<3% total harmonic _
distortion) that is essentially the same as utility-supplied grid power. Thus it is compatible with all AC
electronic devices. This is the type used in grid-tie inverters. Its design is more complex, and costs
more per unit power.[3] The electrical inverter is a high-power electronic oscillator. It is so named

because early mechanical AC to DC converters were made to work in reverse, and thus were
"inverted", to convert DC to AC.



Q26.Sketch pure sine wave inverter circuit and explain the operation. =~ j;ghu b
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A pure sine wave inverter produces a nearly perfect sine wave output (_(_3% total

distortion) that is essentially the same as utility-supplied grid power. Thus it is COl‘npatiblg P e
electronic devices. This is the type used in grid-tie inverters. Its design is more complex, and m -
more per unit power.[3] The electrical inverter is a high-power electronic oscillator. It is $O named
because early mechanical AC to DC converters were made to work in reverse, and thus

"inverted", to convert DC to AC.
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Q27.Sketch overview of grid connected inverter system and explain it’s operation.

A grid connected system is connected to a large independent grid (typically the public electricity
grid) and feeds power into the grid. Grid connected systems vary in size from residential (2-10kWp)
to solar power stations (up to 10s of GWp). This is a form of decentralized electricity generation. In
the case of residential or building mounted grid connected PV systems, the electricity demand of the
building is met by the PV system. Only the excess is fed into the grid when there is an excess. The

feeding of electricity into the grid requires the transformation of DC into AC by a special, grid-
controlled solar inverter.

A grid-tie inverter (GTI) is a special type of inverter that converts direct current(DC) electricity into
alternating current(AC) electricity and feeds it into an existing electrical grid. GTls are often used to .
convert direct current produced by many renewable energy sources, such as solar panels or small
wind turbines, into the alternating current used to power homes and businesses. The technical name
for a grid-tie inverter is "grid-interactive inverter". They may also be called synchronous inverters.

; g ility power is
Grid-interactive inverters typically cannot be used in standalone applications where utility p
not available,

Itaic panels
Grid-connected photovoltaic power systems are power systems energised by photo::mpﬂ; of
which are connected to the utility grid. Grid-connected photovoltaic power syﬂem:ctlon
Photovoltaic panels, MPPT, solar inverters, power conditioning units and grid conn




When conditions are right, the grid-connected PV system supplies the excess power, beyc
consumption by the connected load, to the utility grid. S N

ts. Unlike Stand-alone photovoltaic power systems these syste

Q28.5ketch grid connected PV system with multiple inverter.
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029.Explain the energy saving aspects of solar electrical system.

Th; average household today pays nearl '

estimates have energy costs e ' : s
e gy pegeed at almost $200 per month, a cost of $2,400 for the entire



Q30.Explain PV inverter system with sketch. e gt o Tethert rhﬁ i-um e -

A solar inverter or PV inverter is a critical component in a solar energy system. It p;:‘fr;,ﬁ?x;;mmﬁ .
conversion of the variable DC output of the Photovoltaic (PV) modules into a utility ﬁménw am

current that can be fed into the commercial electrical grid or used by a local, off-grid G"leci:rleﬂ '._..;_

network. An inverter allows use of ordinary mains-operated appliances on a direct current system.

solar inverters have special functions adapted for use with PV arrays, including maximum power )

point tracking and anti-islanding protection.

o
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grid PV system with battery charger.
Q31.What are the causes of frequency distortion to PV inverter?

An inverter selected for in grid-connected PV applications has to meet the requirements of a
relevant standard that specifies distortion limits. In Australia this would be AS4777.2. The
question is whether the levels of low frequency harmonics in the |
output of unipolar inverters fall within the limits specified by the standard. This question 1S
best answered on a case by case basis. For the inverter considered in section 3 above, the
third harmonic is the worst one and its levels are shown in figure 10. L
Total harmonic distortion is shown in figure 11. It has been assumed that non-zero smtchlng
delay is the only reason for the generation of low frequency harmonics. The inverter 1s
designed for a rated output of 4 A, therefore 1t would satisfy the requirements of 554777.2
even if switching delay is as high as 8 ps. Individual levels for the second to the‘mflth
harmonic should be limited to 4% whereas total harmonic distortion should be limited to 5%

Q32.Write the equation for switching delay.
It is given by the following formula:

Dy=N/R
where

Dy s the transmission delay
N is the number of bits, and
R is the rate of transmission (say in bits per second)




Single-phase grid connected PV inverter
system.
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Bipolar Mode

Q34.What are the topologies of grid connected inverter?

Grid-tie inverters that are available on the market today use a number of different
technologies. The inverters may use the newer high-frequency transfoniners,‘conventlonal
low-frequency transformers, or without transformer. Instead of converting direct current
directly to 120 or 240 volts AC, high-frequency transformers employ a computerized multi-
step process that involves converting the power to high-frequency AC anq then baclf to DC
and then to the final AC output voltage.[1] Transformerless inverters, which boast llghter
weight and higher efficiencies than their counterparts with transformers, are IJOIZ’UI""I[IJn il
Europe. However, transformerless inverters have been slow to enter the US marklet'tﬁnall
2005, NEC code required all solar electric systems 1o be negative gr ounded, Ta;nl oy ecat ke
configuration that interferes with the operation of transformerless inverters. 10€ 1zs?eed bees
currently is that there are concerns about having transfonnerless electnccal Sdet;rg sy
the public utility grid since the lack of galvanic isolation between the D Aénside

could allow the passage of dangerous DC faults to be transmitted to the -

' . : n the input
Most grid-tie inverters on the market include a maximum power POTtﬁt;algl;: i(:l 3 40 I[;))o ks
side that enables the inverter to extract a maximum amount o_f gtiwi e’ specially e
source. Since MPPT algorithms differ for solar panels and wind tur ’

inverters for each of these power Sources are available.




Q35.Sketch transformerless PV inverter system.

Figure 1. Traditional way of commection to power grid (Source: Sami Power)

330 to 600 VDC 208 : Medium Voltage
to

Figure 2. New way of conmection to power grid (Souwce: Samil Power;

Q36.Sketch PV inverter with frequency transformer .

A vanable-frequency drive controls the operating speed of an AC motor by controlling the

frequency and voltage of the power supplied to the motor. An inverter provides the controlled
power. In most cases, the variable-frequency drive i |

the inverter can be provided from main AC powe
number of political, environmental and technical
implementation of renewable technology includi

a result, new topologies for grid connected inve
manufacturing costs have been developed. In p
topologies have steadily increased. While ther

implementing these new transformerless topol
injection and capacitive leakage currents are i
clearly defined test circuit setup and procedure for testing DC current Injection for grid-
connected single-phase photovoltaic inverters

implementing both transformerless and hi gh
frequency transformer topologies. The results demonstrated that the test circuit setup and

testing procedure is suitable for inclusion in a future amendment to AS47772. 1t

I. Since an inverter is the key component, A
tactors have resulted in the increase of

ng grid connected photovoltaic inverters. As
rters providing higher efficiencies and lower
articular, designs utilising transformerless

¢ are clear associated advantages of

ogies, new potential issues such as DC current
ntroduced. Part A of this report presents a

commended, further investioation ;




schemes were experimentally tested to verify simulated results var: Switching
sometimes called inverter drives or just inverters. - Vaniable-frequency drives are

>
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Q37.Sketch PV inverter with several conversion stage & high frequency transformer.
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Q38.Sketch PV inverter with several conversion stages including boost stage

A single-stage microinverter performs DC boost and AC waveform

Q33.Explain the configuration and standards for grid connected PV system with diagram.

A photovoltaic system (or PV system) is a system which uses one or more solar panels to
convert sunlight into electricity. It consists of multiple components, including the
photovoltaic modules, mechanical and electrical connections and mountings and means of re
On the AC side, these inverters must supply electricity in sinusoidal form, synchronized to
the grid frequency, limit feed in voltage to no higher than the grid voltage including

disconnecting from the grid if the grid voltage is turned off. gulating and/or modifying the
electrical output.

Q40.Sketch and explain the operation of wind turbine grid connected system.




Q41.Write the standard testing procedures for grid connected inverter.

o Rated output power: This value will be provided in watts or kilowatts. For some inverters,
they may provide an output rating for different output voltages. For instance, if the inverter

can be configured for either 240 VAC or 208 VAC output, the rated power output may be
different for each of those configurations.

For smaller inverters that are designed for residential use, the output voltage is usually

240 VAC. Inverters that target commercial applications are rated for 208, 240, 277,400, or
480 VAC and may also produce three phase pOWeT.

 Peak efficiency: The peak efficiency represents the highest efficiency that the inverter can
achieve. Most grid-tie mverters on the market as of July 2009 have peak efficiencies of over
94%, some as high as 96%. The energy lost during inversion is for the most part converted
into heat This means that in order for an inverter to put out the rated amount of power it will
need to have a power input that exceeds the output. For example, a 5000 W inverter operating
at full power at 95% efficiency will require an input of 5,263 W (rated power divided by
efficiency). Inverters that are capable of producing power at different AC voltages may have
different efficiencies associated with each voltage. _

o CEC weighted efficiency. This efficiency is published by the Cdﬁoma Energy
Commission on its GoSolar website. In contrast 10 peak efficiency, this value is an average
efficiency and is a better representation of the inverter's operating profile. Inverters that are
capable of producing power at different AC voltages may have different efficiencies
associated with each voltage.



* Maximum input current: This is the maximum amount of direct current that the Inverter
will use. If a DC power source, such as a solar array, produces an amount of current that
exceeds the maximum input current, that current will not be used by t.he Inverter.

* Maximum output current: The maximum output current 1:s the maximum contmuou-s
alternating current that the inverter will supply. This value 1s typically used to determine ¢
minimum current rating of the over-current protection devices (e.g., breakers and fuses) d
disconnects required for the output circuit. Inverters that are capable of producing poweraﬁ
different AC voltages will have different maximum outputs for each voltage.

* Peak power tracking voltage: This represents the DC voltage range in which the inverter's
maximum point power tracker will operate. The system designer must configure the strings
optimally so that during the majority of the year, the voltage of the strings will be within this
range. This can be a difficult task since voltage will fluctuate with changes in temperature,

* Start voltage: This value is not listed on all inverter datasheets. The value indicates the
minimum DC voltage that is required in order for the inverter to turn on and begin operation.
Thas is especially important for solar applications, because the system desi gner must be sure

Normally, grid-tied inverters wil| shut off if
’ the
If, however, there are load circuits i H do not detect the Presence

n the electrica]
freguency of the utility grid, the inverter may be fi - it that-haPpen 10 resonate at the




An inverter deSIgned fOl’ gl'ld-ﬂe om(jn WIII h W

inject small pulses that are slightly out of phase wi mmfg;dmg_g;?MOn built in; it will
cancel any stray resonances that may be present when the grid shuts doszatem b o
The voltage and/or the frequency change during ' fiilinn& radgi! o Iy
,. | g the grid failur o
cedvack loop is employed 1o push the voltage and /or th frequeney frther away fom i

1ominal value. Frequency or voltage may not change i
- : ge 1f the load matches very well wi
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Q43.Sketch multi string PV inverter system.

A solar micro-inverter, also referred as microinverter or micro inverter, converts direct
current (DC) from a single solar panel to alternating current (AC). The electric power from
several micro-inverters is combined and fed into an existing electrical grid. Micro-inverters
contrast with conventional central inverter devices. which are connected to multiple solar

Micro-inverters have several advantages OVel conventional central inverters. The main
advantage is that, even small amounts of shading, debris or snow lines in any one solar panel,
or a panel failure, does not disproportionately reduce the output of an entire array. Emh

micro-inverter obtains optimum power by performing maximum power point tracking for its
connected panel.




Their primary disadvantages are that they have a hightt cqmvllluvlm ;;:g-;l;;;ﬂ: andl
than the equivalent power in a central inverter, and are normaily f0¢ B
where they may be harder to maintain. These issuqs are hq“fe}/er'sur[;:;ls oL y micro-

inverters having much higher durability and simplicity of initial 1nstallation.
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Q44.Explain grid connected PV system control system with sketch.

PV DC unit Inverter AC unit Meters

[ = T ;; ! —— f——
' o — AT kWhi _IkWh
l = VN TV -

‘Photo‘voltaics (PV)isa -m.ethoq of generating electrical power by converting solar radiation
Into direct current electricity using semiconductors that exhibit the photovoltaic effect.

Photo‘vcl)ltaic power gen;:ration employs solar panels composed of a number of solar cells
containing a photovoltaic material. Materials presently used for photovoltaics include




Q44.Explain grid connected PV system control system with sketch.

PV DC unit Inverter AC unit
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Photovoltaics (PV) is a method of generating electrical power by converting solar radiation
into direct current electricity using semiconductors that exhibit the photovoltaic effect.
Photovoltaic power generation employs solar panels composed of a number of solar cells
containing a photovoltaic material. Materials presently used for photovoltaics include
monocrystalline silicon, polycrystalline silicon, amorphous silicon, cadmium telluride, and
copper indium gallium selenide/sulfide.[1] Due to the growing demand for renewable energy

sources, the manufacturing of solar cells and photovoltaic arrays has advanced considerably
in recent years.

.
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Solar photovoltaics 1s growing rapidly, albeit from a small base
«40,,00(‘2:)1 MW at téuz erzld of 2010. More than 100 countries use solar PV. Installations may be
ground-mounted (and sometimes integrated with farming and oraz 1t 1

or walls of a building (building-integrated photovoltaics;g_ frazing) or bullb IS

Q45.Write the mathematical modelling for switched mode inverter

A ﬁwimhe{l-mﬂde power supply (switching-mode Power supply, SMPS. or simpl
_ . 3 » mply

er-g/pes of power supplies, an
computer) while converting voltage and current cp - Bfldioaload (e.g., a personal
:lrlpegloyed_tol efﬁcilejntly prow{ide a regulated output iroalcitaegr;st;;;_i(:ﬁ SMPS s usqa.lly —
ol itchen Ve ekl (a0 PSS transistor of a s ssc T
y betwe KH - ching mode
full-off states, which minimizes wasted cnerg;n 50 kHz and 1 ne o
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electrical power




Photovoltaics (PV) is a method of generating electrical power by converting solar radiation
into direct current electricity using semiconductors that exhibit the photovoltaic effect.
Photovoltaic power generation employs solar panels composed of a number of solar cells
containing a photovoltaic material. Materials presently used for photovoltaics include .
monocrystalline silicon, polycrystalline silicon, amorphous silicon, cadmium tellunde, and pr
copper indium gallium selenide/sulfide.[1] Due to the growing demand for renewable energy
sources, the manufacturing of solar cells and photovoltaic arrays has advanced considerably
In recent years. | :
Solar photovoltaics is growing rapidly, albeit from a small base, to a total global capacity of 3
40,000 MW at the end of 2010. More than 100 countries yse solar PV. Instgal]ationsI:::la;r:y be

ground-mounted (and sometimes integrated with farming and graz: i1t i f
or walls of a building (building-integrated photovoltaicsi Erazing) or bty 3

“hE
Q45.Write the mathematical modelling for switched mode inverter :
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Their primary disadvantages are that they have a higher equipment initial cost per peak watt

than the equivalent power in a central inverter, and are normally located near the panel,

Yvhere they may be harder to maintain. These issues are however surpassed by micro- ol

inverters having much higher durability and simplicity of initial installation.
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Q44.Explain grid connected PV system control system with sketch.

PV DC unit inverter AC unit Meters

Photovoltaics (PV) is a method of generating electrical power by converting solar radiation
into direct current electricity using semiconductors that exhibit the photovoltaic effect.
Photovoltaic power generation employs solar panels composed of a number of solar cells
containing a photovoltaic material. Materials presently used for photovoltaics include
monocrystalline silicon, polycrystalline silicon, amorphous silicon, cadmium tellunde, and
copper indium gallium selenide/sulfide.[1] Due to the growing demand for renewable energy

sources. the manufacturing of solar cells and photovoltaic arrays has advanced considerably
1n recent years.

Solar photovoltaics 1s growing rapidly, albeit from a small base, to a total global capacity of
40.000 MW at the end of 2010. More than 100 countries use solar PV. Installations may be

ground-mounted (and sometimes integrated with farming and grazing) or built into the roof
or walls of a building (building-integrated photovoltaics).

Q45.Write the mathematical modelling for switched mode inverter. 1

A switched-mode power supply (switching-mode power supply. SMPS, or simply
switcher) is an electronic power supply that incorporates a switching regulator in order to be
highly efficient in the conversion of electrical power. Like other types of power supplies, an
SMPS transfers power from a source like the electrical power gnid to a load (e.g., a personal
computer) while converting Yoltage and current characteristics. An SMPS is usually
employed to efficiently PfOV}de a regulated output voltage, typlcally at a level different from
the input voltage. Unlike a linear power supply, the pass transistor of a switching mode

supply switches very quickly (typically between 50 kHz and 1 MHz) between full-on and

full-off states, which mimmizes wasted energy. Voltage regulation is provided by varying the
ratio of on to off time. In contrast, linear power supply must dissipate the excess voltage to




regulate the output. This higher effici - !
supply. ciency is the chief advantage of a switched-mode power
Switching regulators are used as replacements for the linear regulators when higher

fficienc | : — |
fheiiISM¥é;ir:§l;z;2§Z %Taggclre; wcilg};i arf required. They are, however, more complicated

_ _ use electrical noi | : ' ’
simple designs DAY ERIRENSINE el vt .mse problems if not carefully suppressed, and

« When the §w1tch pighxred above 1s closed (On-state, top of figure 2), the voltage
across the‘lnductor 1S Vi = V; = V,. The current through the inductor,rises linearly. As
the diode 1s rcf:vers_e-biased by the voltage source V, no current flows through it: |

« When the switch 1s opened (off state, bottom of figure 2), the diode 1s forward i)iased
'ghe voltage across the inductor is V/; = — V, (neglecting diode drop). Current I, '

ecreases.

The energy stored in inductor L 1s

R
E—ELKI%

Q46.Express the parameters of grid connected power inverter.

Grid-connected power inverters convert the power from your solar panels into electricity
suitable for use in the home or office, when it is connected to the power grid.

Here, a battery bank 1s not needed to store any excess generated power, as that can be
delivered directly into the power grid for someone else to use, giving you a credit. At times of
insufficient solar power (e.g. night time), extra power that's needed may be drawn back from

the power grid.

rters, and recommend any of these models for

Solazone supply several brands of grid inve
ested reliability under local conditions.

their reliability, quality and value, and their t
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Q16.Explain (a) Characteristics of sunlight (b) black body (c)emergency density of * . ”
radiation distribution of sunlight. | st Ao il of Dol s s vt e

o 1) ' ' GRS B LT PR L. :wr!r_n. s
The Earth’s most important energy source is the Sun. Thanks to the sunrays the surfa wot the
Earth and the air right above the surface warms up, therefore the Earth’s average temperatu o
reaches +17°C even though it is in the outer space which 1s -270°C. This way life can o

develop and be maintained on the Earth.

Inside the Sun there is thermonuclear fusion, thanks to which heat is produced, while
Hydrogen is transformed to Helium.

Due to the nuclear fusion the temperature of the Sun’s surface approaches the 6000°K.

As a consequence of this high temperature the Sun emits short waves of electromagnetic rays
of light.

From the sun-radiance power of (4x10” kW) the surfacc of the Earth reaches 173x10"* kW.

From the sunrays approaching the edge of the atmosphere only some proportion reaches the
surface of the Earth. According to the calculations out of the total sunrays 23% is absorbed
by the gases in the air, transforming it to heat, 26% 1s reflected or radiated back to the space

in the form of stray rays.

This way only 51% reaches the surface of the Earth, 33% as direct shortwave radiation and _
18% as diffuse radiation. Out of this proportion the Earth’s surface reflects 10%, 5% 1s
absorbed in the atmosphere, and 5% exits to the space. |

The sunray household of the Earth — which exceeds the energy needs of the humanity
more than thousand times — is constantly balanced in average, but the value 1s variable with
the weather changes. The main cause of this phenomenon is the Earth’s geometrical
relationship to the Sun. ' '

The proportion of the sunrays at the edge of the atmosphere can be divided in the
following matter: . N e St il

r Jd B B Il|‘|-' ft. ;;h

e Ultraviolet radiation 9%. . -, | ey T
e Visible light 49%. eibar toinivenii
e Infrared (heat-) radiation 42%.
. | T pudAusi
According to the data described above the atmosphere weakens the sunrays arriving tothe
Earth surface, which is highly effected by the clouds and fog present, due t0 the weather
changes. | | L1 pluns oM !
) 4 b oks _ARigY F"f (5 FLEET i
These clouds reflect or absorb most of the sunrays. Between the axis of the Earth and 1ts i T
circle around the Sun there is 23,5° difference, therefore the visible orbit of the Sun on the




SKY IS dlLIcIcnL cvely udy. &= == e
naturally influences the usable energy.

| L DETAND {ﬁ]“ ¥
Since Hungary can be found in tﬁe north tempel"ed zone, on the ‘nor;h 'latltl:hdé u _
and 48,6°, the number of sunny hours 1s appr0x1m?,tely 2100 hours yea'r.f e :
the arriving sunrays 1s ~1300 kWh/m? year, the highest peak summertime, at noo; 1, in ¢

2 - s B
of clean sky can reach, or exceed the 1000 W/m - el j.”_f' i
x\%,,L__{ / b
P-.cfbc:tin:nh o /} i .
~ 100W /m = [Z\ {0 A SR ol LI ___J_rj'-jy N3
Ny 1352W/m< Atmosphere
e e W e ey e A epaeieiepeiiae o g
Absarbance 1
~300W/ m*=

Lxfruse solar raciation — Lirect radiation _
Curnplzle u ylusa radislivi un the gdr b surfaue max: 1000'\»'".-',/’1'1? e
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The thermal radiation from a b
body's pool of internal thermal energy at an

5, €ach degree of freedom would have & 10 the equipartition theorem in




infinite amount of energy in any continuous field. The study of the laws Ofﬁla_ek o
vE) TR '

helped to establish the foundations of quantum mechanics.

: . , o
Q17.Describe solar insolation measurement. |

of solar radiation energy received on a given surface area in a given
time. It is commonly expressed as average irradiance in watts per square meter (W/m2) or

Lilowatt-hours per square meter per day (kW-h/(m2-day)) (or hours/day). In the case of
photovoltaics it 1S commonly measured as kWh/(kW,y) (kilowatt hours per year per kilowatt

peak rating).

Insolation 1S a measure

The object or surface that solar radiation strikes may be a planet, a terrestrial object inside the

atmosphere of a planet, or any object exposed to solar rays outside of an atmosphere,
including spacecraft. Some of the solar radiation will be absorbed, while the remainder will

be reflected. Usually the absorbed solar radiation 1s converted to thermal energy, causing an

increasing in the object's temperature. Some systems, however, may store or convert a
portion of the solar energy into another form of energy, as in the case of photovoltaics or
plants. The proportion of radiation reflected or absorbed depends on the object's reflectivity

or albedo.

Q19.Explain solar geometry.

The solar geometry model takes input of date, time and location of an observer on the earth
and returns information about the location of the sun. The model can work in two modes: as a
single shot calculation which is carried out each time an input variable is changed or it can be
set so to automatically increment time and will run continuously.

User Input
The model takes the following inputs:

e The date
o a year in the range 18300 - 2100,
o a month
o the day of the month

e The time of day:

o hour (24 hour clock),
o minute
« Location on the earth
o latitude (degrees),
o longitude(degrees)
* The orientation and tilt of the surface of any building

Q20.Explain altitudes and azimath angles

Model Output
T'he model provides the following outputs.

* the altitude and azimuth (see figure below) of the sun at that time and location,
« the geometry of the sun with respect to any specified building, rpo i TGRSR
 the length of a shadow cast by a 1 metre pole 1 T | S,
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a: solar altitude
e: solar azimuth

Q21.Write the formula to calculate standard solar time.

LSTM i1s illustrated below.

The (LSTM) is calculated according to the equation: LSTM = L3S XA e

where ATy is the difference of the Local Time (LT) from Greenwich Mean Time (GM
hours. 15°= 360°/24 hours. X

Q22.What are the properties of semiconductor.

A semiconductor is 3 material with electrical conductivit
to 10nic conductivity)

: Common semiconducting materials are crystalline solids, but am i ce ol S
semiconductors are known. These include hydro genated orphous and liquid

| amor hOUS Slll N and _-iﬁ ures ‘
arsenic, selenium and tellurium in a variety of proportions <y - SLicon and mixtures o
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 tables a d graphs of the monthly and diurnal variation of the solar altit .,—;'&‘3;', .
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a: solar altitude
e: solar azimuth

Q21.Write the formula to calculate standard solar time. 3
The Local Standard Time Meridian (LSTM) is a reference meridian used for a particular time

zone and 1s similar to the Prime Mendian, which is used for Greenwich Mean Time. The " .

LSTM is illustrated below b |

The (LSTM) is calculated according to the equation: LSTM = 15° x ATeur £

A0

where ATqyy is the difference of the Local Time (LT) from Greenwich Mean Time (GMT) in.
hours. 15°= 360°/24 hours.

Q22.What are the properties of semiconductor.

A semiconductor is a material with electrical conductivity due to electron flow (as opr "
to 1onic conductivity) intermediate in magnitude between that of a conductor and an insula

many kinds of diodes including the light-emitting diode, the silicon controlled rectifier, and
digital and analog integrated circuits. Similarly, semiconductor solar photovoltaic panels
directly convert light energy into electrical energy. In a metallic conductor, current is #
by the flow of electrons. In semiconductors, current is often schematized as being cz IS
either by the flow of electrons or by the flow of positively charged "holes" in the-el. ron

structure of the material. 1 N
Common semiconducting materials are crystalline solids, but amorphous and liquid
semiconductors are known. These include hydrogenated amorphous silicon and mix A

arsenic, selenium and tellurium in a variety of proportions. Such compoundsghm%: 1 bl
known semiconductors intermediate conductivity and a rapid variation of . wi




temperature, as well as occasional nqgative res:istance. Such disordered materials lack the _ i T
rigid crystalline structure of conventional semiconductors such as silicon and are generall
used in thin film structures, which are less demanding for as concerns the electronic
of the material and thus are relatively insensitive to impurities and radiation damage. .
semiconductors, that is, organic materials with properties resembling conventional
semiconductors, are also known. * 3T P

Silicon is used to create most semiconductors commercially. Dozens of other materials are
used. including germanium, gallium arsenide, and silicon carbide. A pure semiconductor is
often called an “intrinsic” semiconductor. The electronic properties and the conductivity of a
semiconductor can be changed in a controlled manner by adding very small quantities of
other elements, called “dopants™, to the intrinsic material. In crystalline silicon typically this
is achieved by adding impurities of boron or phosphorus to the melt and then allowing the

melt to solidify into the crystal. This process is called "doping".

Q23.Sketch the atomic structure of photovoltaic material & explain the construction &
operation.

Photovoltaics is the direct conversion of light into electricity at the atomic level. Some
materials exhibit a property known as the photoelectric effect that causes them to absorb
photons of light and release electrons. When these free electrons are captured, an electric

current results that can be used as electricity.

The photoelectric effect was first noted by a French physicist, Edmund Bequerel, in 1839,
who found that certain materials would produce small amounts of electric current when
exposed to light. In 1905, Albert Einstein described the nature of light and the photoelectric
effect on which photovoltaic technology is based, for which he later won a Nobel prize in
physics. The first photovoltaic module was built by Bell Laboratories in 1954. It was billed as
a solar battery and was mostly just a curiosity as it was too expensive to gain widespread use.
In the 1960s, the space industry began to make the first serious use of the technology to
provide power aboard spacecraft. Through the space programs, the technology advanced, its
reliability was established, and the cost began to decline. During the energy crisis in the
1970s, photovoltaic technology gained recognition as a source of power for non-space
applications.
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treated to form an electric field. positive on one side and negative on

energy strikes the solar cell, electrons are knocked loose from the atoms in the semico
matenal. If electrical conductors are attached to the positive and negative sides,
electrical circuit, the electrons can be captured in the form of an electric current - that is,

electricity. This electricity can then be used to power a load, such as

A number of solar cells electrically connected to each other and mou

structure or frame is called a photovoltaic module. Modules are designed to supply electri
at a certain voltage, such as a common 12 volts system. The current produced is directly

dependent on how much light strikes the module.

CELL

Q24 .What is fermi level?

The Fermi level is the energy that pertains to electrons in a semiconductor. It is the chemical
potential u that appears in the electrons' Fermi-Dirac distribution function

1

Folf) = emmem

which is the probability that there is an electron in a particular single-particle state with _j

energy €. T is the absolute temperature and k is Boltzmann's constant
at the Fermi level has a 50% chance of being occupied by an electron.

The diagram above illustrates the operation of a basic photovoltaic gell, also called a '~:;';'",: )
cell. Solar cells are made of the same kinds of semiconductor materials, such as silicon, |
in the microelectronics industry. For solar cells, a thin semiconductor wafer is specially

the other. When ljg ht

a light or a tool.

j'

nted in a support _, |



Q25.Explain fermi conductor. ' . | 5200 o

A semiconductor is a material with electrical conductivity due to electron flow (as opposed to
jonic conductivity) intermediate in magnitude between that of a conductor and an insulator,
This means a conductivity roughly in the range of 103 to 10-8 siemens per centimeter,
Semiconductor materials are the foundation of modern electronics, including radio,
computers, telephones, and many other devices. Such devices include transistors, solar
cells, many kinds of diodes including the light-emitting diode, the silicon controlled rectifier,
and digital and analog integrated circuits. Similarly, semiconductor solar photovoltaic panels
directly convert light energy into electrical energy. In a metallic conductor, current is carried
by the flow of electrons. In semiconductors, current is often schematized as being carried

either by the flow of electrons or by the flow of positively charged "holes” in the electron
structure of the material.

Q26.Explain poly crystalline silicon.

Polycrystalline silicon, also called polysilicon, is a material consisting of small silicon crystals. It
differs from single-crystal silicon, used for electronics and solar cells, and from amorphous silicon,
used for thin film devices and solar cells.

Q27.Write the process to manufacture solar module.

Solar cells are often electrically connected and encapsulated as a module. Photovoltaic
modules often have a sheet of glass on the front (sun up) side, allowing light to pass while
protecting the semiconductor wafers from abrasion and impact due to wind-driven debris,
rain, hail, etc. Solar cells are also usually connected in series in modules, creating an additive
voltage. Connecting cells in paralle] will yield a higher current. Modules are then

Interconnected, in series or parallel, or both, to create an array with the desired peak DC
voltage and current.

l'o make practical use of the solar-generated energy, the electricity is most often fed into the
electricity grid using inverters (grid-connected photovoltaic systems); in stand-alone systems,
batteries are used to store the energy that is not needed immediately. Solar panels can be used
10 power or recharge portable devices.

Q28.What are the types of stresses on solar modules?

Recently, the PV-Lab developed competencies in the techniques of solar cells encapsulation.
While the front end activities of the Laboratory are directed towards the performances, the
back end is more in relation to the industrial world. We aim to understand the requirements
and needed criteria of each part of a photovoltaic (PV) module (front and back sheet,
encapsulants, paint, mechanical constraint, etc.) to be able to choose the most adequate

PV modules are subjected to various types of stresses, like humidity, UV radiation, thermal
cycles, mechanical stress, etc. Therefore, the study and the comprehension of the phenomena
goverming this last stage of the manufacturing process of a solar panel are indeed essential to
ensure the final quality of the modules and lifetime over 25 years,




The encapsulation (polymers) materials ot a I V- moauic aifit at. s
- ensuring a high optical transmission, e
- ensuring a good electrical insulation, . HURRERE- .
- being highly stable under UV radiation, Ton oI A
- acting as a barrier against water vapour and oxygen transmission, i
- presenting an adequate interfacial adhesion to prevent delamination process, s
- providing a structural support. o

Q29.Explain solar cell semi conductor dark and illuminated current

In a traditional solid-state semiconductor, a solar cell is made from two doped crys
doped with n-type impurities (n-type semiconductor), which add additional free conducs
band electrons, and the other doped with p-type impurities (p-type semiconductor), which
additional electron holes. When placed in contact, some of the electrons in the n-type portion
tlow into the p-type to "fill in" the missing electrons, also known as electron holes. e
Eventually enough electrons will flow across the boundary to equalize the Fermi ]evel%‘-"‘&ﬁ"
two matenals. The result 1s a region at the interface, the p-n junction, where charge carriers
are depleted and/or accumulated on each side of the interface. In silicon, this transferof =

electrons produces a potential barrier of about 0.6 to 0.7 V. 12 s .'

10 .
L

When placed in the sun, photons of the sunlight can excite electrons on the p-type side of the
semiconductor, a process known as photoexcitation. In silicon, sunlight can provide enough
energy to push an electron out of the lower-energy valence band into the hi gher-energy i
conduction band. As the name implies, electrons in the conduction band are free tomove =
about the silicon. When a load is placed across the cell as a whole, these electrons will flow =

out of the p-type side into the n-type side, lose energy while moving through the external

circuit, and then back into the p-type material where they can once again re-combine with the it
valence-band hole they left behind. In this way, sunlight creates an electrical current

In any semiconductor, the band gap means that only photons with that amount of energy, or
more, will contribute to producing a current. In the case of silicon, the majority of visible
light from red to violet has sufficient energy to make this happen. Unfortunately hi gher
energy photons, those at the blue and violet end of the spectrum, have more than enough
energy to cross the band gap; although some of this extra cnergy 1s transferred into the

electrons, the majority of it is wasted as heat. Another issue is that in order to have a
reasonable chance of capturing a photon, the

increases the chance that a freshly ejected ele

hole in the material before reaching the p-n junction. These effects
the efficiency of silicon solar cells, currently around 12 to 15%

to 25% for the best laboratory cells (about 30% is the theoretical ' :
: ma
single band gap solar cells, see Shockley-Queisser limit.). i EfﬁCIency for

: €N a number of d; >
this cost over the last decade, notably the thin-film approeur:hesdll_fferent -

limited application due to a variety of practical probl




The encapsulation (polymers) materials of a PV module aim at:
- ensuring a high optical transmission, .
- ensuring a good electrical insulation, T
- being highly stable under UV radiation, ) e

- acting as a barrier against water vapour and oxygen transmission, :

- presenting an adequate interfacial adhesion to prevent delamination process,
- providing a structural support.

Q29.Explain solar cell semi conductor dark and illuminated current

In a traditional solid-state semiconductor, a solar cell is made from two doped crystals, one
doped with n-type impurities (n-type semiconductor), which add additional free condy ction
band electrons, and the other doped with p-type impurities (p-type semiconductor),m- d
additional electron holes. When placed in contact, some of the electrons in the n-type po jl
flow nto the p-type to "fill in" the missing electrons, also known as electron holes.

Eventually enough electrons will flow across the boundary to equalize the Fermi levels o
two matenals. The result is a region at the interface, the p-n junction, where charge carriers

are depleted and/or accumulated on each side of the interface. In silicon, this transfer of

electrons produces a potential barrier of about 0.6 to 0.7 V.

When placed in the sun, photons of the sunlight can excite electrons on the p-type side of the
semiconductor, a process known as photoexcitation. In silicon, sunlight can provide enough
energy to push an electron out of the lower-energy valence band into the hi gher-energy
conduction band. As the name implies, electrons in the conduction band are free to move
about the silicon. When a load is placed across the cell as a whole, these electrons will flow

out of the p-type side into the n-type side, lose energy while moving through the external
circuit, and then back into the P-type material where they can once again re-combine with the
valence-band hole they left behind. In this way, sunlight creates an electrical current. | H‘{. |
In any semiconductor, the band gap means that only photons with that amount of energy, or 3
more, will contribute to producing a current. In the case of silicon, the majority of visible 2
light from red to violet has sufficient energy to make this happen. Unfortunately higher s
energy photons, those at the blue and violet end of the spectrum, have more than enough
energy to cross the band gap; although some of this extra energy 1s transferred into the ;'

electrons, the majority of it is wasted as heat Another issue is that in order to have a L

reasonable chance of capturing a photon, the n-type layer has to be fairly thick. This also 1
hole in the material before reaching the p-n junction. These effects produce an upper limit on
the efficiency of silicon solar cells, currently around 12 to 15% for common modules and up
to 25% for the best laboratory cells (about 30% is the theoretical maximum efficiency for
single band gap solar cells, see Shockley-Queisser limit.). 3
—ﬁl {
By far the biggest problem with the conventional ap
relatively thick layer of doped silicon in order to have reasonable photon capture rates, and
silicon processing is expensive. There have been a number of different approaches to reduce
this cost over the last decade, notably the thin-film approaches, but to date they have seen
limited application due to a variety of practical problems. Another line of research has been
to dramatically improve efficiency through the multi-junction approach, although these cell
are very high cost and suitable only for large commercial deployments. In general terms th




types of cells suitable for rooftop deployment have not changed i,_; "! "
although costs have dropped somewhat due to increased supply. 1gnificantly
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|_V measurements are performed to characterize solar cells. Figure 4 shows b

a typical I_V curve with some of the following solar cell output parameters TR
indicated RO
_ Short-circuit current, Isc, is the maximum current at zero voltage. The =
short-circuit current density, Jsc, is often used (see Section 2.3.2).

_ Open-circuit voltage, Vo, is the maximum voltage at zero current.

_ Maximum power point, Pmp, is the maximum power output at optimal

Q30.What are the output parameters of solar cell?

S

operating condition, i.€. Pmp = Vmplmp.

‘ 1‘J_I=.E-* |
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A realistic distributed equivalent circuit for the buried emitter silicon solarcellis

presentedtaking into consideration the carriers paths through the planar and vertical junctione
In addition, a new theoretical model for the cell characteristics including the cell's =~
mismatching, series resistance, different junctions (planar and vertical) and junétions
geometry 1s considered in this work. The results are compared with the published dai.‘a.'I it

Q31.What are the production steps of solar cells? QL .

A typical representative of a silicon solar cell consists of a photoactive p/n junction formed

on the surface, a front ohmic contact stripe and fingers, a back ohmic contact that covers the
entire back surface, and an antireflection coating on the front surface.

k4 T
For silicon solar cell production either poly-crystalline or mono-crystalline matquél 1s'used
Poly-crystalline silicon for photo-voltaic applications is normally produced by casting |
methods while mono-crystalline silicon is prepared in a Czochralski growing process.

T'he poly-crystalline or mono-crystalline ingots are cut to wafers. Poly-crystalline mate ! 18
mostly cut to square wafers with a side length of 125mm or 150mm while mono-crystaﬂ‘lne .
material is used to produce round wafers of 100 - 150mm of diameter. Sometimes square
material with rounded edges is prepared from round wafers (125mm side length) in order 0
get a denser packing of the solar ¢ The main process steps in solar cell production are the -
preparation of the p/n junction by doping and the metallization or contacti’ng‘of the
photovoltaic cell. Beside that, further deposition processes are used to establish an

antireflection coating or to improve the solar cell setup. ells in the solar module.

el ok |"-|1r

|
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Q32.Write the equation for the cost of electricity by using solar cell. Ryl
Ll vetem
Assume that we have a time series of system wholesale prices, wi, and 3}'3* by.
demand quantities, Qt, and that those system demand quantities were ger;oeré@
a flat retail price that covered wholesale energy costs. That flat retail rate 1or SHiE"SA,

(excluding capital costs of transmission and distribution, taxes and other fees) wo
be




is optical loss? ' 45 I" _
In metallic conductor systems, reflections of a signal trave!ing down a conductor can
a discontinuity or impedance mismatch. The ratio of the amplitude of the reflected w; ve Vr
amplitude of the incident wave Vi is known as the reflection coefficient I

-
-
Vi

Q34.Write the equation to calculate dark cell current.

Unstimulated (in the dark), cyclic-nucleotide gated channels in the outer segment are open bhec
cyclic GMP (cGMP) is bound to them. Hence, positively charged ions (namely sodium ;a;_}_‘-

photoreceptor, depolarizing it to about -40 mV (resting potential in other nerve cells is s sually -
mV). This depolarizing current is often known as dark current.

T'wo important quantities to characterize a solar cell are

2257550

* Open circuit voltage (V,.): The voltage between the terminals when no current i
drawn (infinte load resistance) &

* Short circuit current (I..): The current when the terminals are connected to eachoth
(zero load resistance)

The short circuit current increases with [i
photons, which in turn means more elect

proportional to the area of the solar cell,
used to compare solar cells.

4
ght intensity, as higher intensity means more
rons. Since the short circuit current Is 1s rough
the short circuit current density, J,, = [s/A, 1s ofte
y
solar cell, the current decreases and a voltage develo

| B
current can be viewed as a supert 0s1t10 €

‘]Jufk(‘!) — Jf:(eq“/k”tp - 1)



Q35.Write the equation to calculate solar cell current.

- V+JAR/FT - V+JAR,
'};](C . 1) R " _ AT ey

I o4

J:Jsc

Q36.Write the equation for maximum power output related to series resistance.

B it ot g g o
R]Qad + Rﬁourm 1 RRlond

The theorem was originally misunderstood (notably by Joule) to imply that a system consisting of an
electric motor driven by a battery could not be more than 50% efficient since, when the impedances
were matched, the power lost as heat in the battery would always be equal to the power delivered
to the motor. In 1880 this assumption was shown to be false by either Edison or his colleague Francis
Robbins Upton, who realized that maximum efficiency was not the same as maximum power
transfer. To achieve maximum efficiency, the resistance of the source (whether a battery or a

dynamo) could be made close to zero. Using this new understanding, they obtained an efficiency of
about 90%, and proved that the electric motor was a practical alternative to the heat engine.

Q37.Explain solar radiation and shading assessment procedures.

Sunlight, in the broad sense, is the total frequency spectrum of electromagnetic radiation
given off by the Sun. On Earth, sunlight is filtered through the Earth's atmosphere, and solar
radiation 1s obvious as daylight when the Sun is above the horizon.

When the direct solar radiation is not blocked by clouds, it is experienced as sunshine, a

combination of bright light and radiant heat. When it is blocked by the clouds or reflects off
of other objects, it is experienced as diffused light.

shading assessment procedures

If the location for your planned PV array has trees, chimneys, dormer windows, tall'buildings
next door, or other features that may shade the system either now or in the future this can

have a major impact on the performance of the system.

In these situations the standard SAP2005 method of assessing the performance of the system
Isn't particularly accurate, and we'd strongly recommend that you ask us to produce a proper
Shading Impact Assessment for you so that you can accurately assess the implications of this
shading for the long term financial returns from the system.

Al e ) T IR T



Q39.Explain (a) Recombining process (b) Radiative recombinat(i;):):l éz)t?::iir r:‘eac;m:;mmqm A
(d)Recombination through traps (e)Recombination at surface |

Recombination of electrons and holes is a process by which both Farrlers.a:n‘;hll?t:‘etiach+ ot k r
electrons fall in one or multiple steps into the empty Stﬂtff which Is associa ethm' " Ie “f
carriers eventually disappear in the process. The energy dlfferel'nce between the |;:m |a'l a",d,
of the electron is given off. This leads to one possible cIaSSIﬁr,:atmn of the recom lnatllon p ocess
In the case of radiative recombination this energy is emitted in the form c?f a photon, In th.g _
non-radiative recombination it is passed on to one or more phonons a"d. n Al'lger ,

given off in the form of kinetic energy to another electron. Another classification scheme‘ c
the individual energy levels and particles involved. These different processes are further 'l,llu_g
with the figure below. i

I
at
i‘.-_ it
- | B

E,

band-to-band  trap-assisted Auger
recombination recombination recombination

Trap-assisted recombination occurs when an electron falls into a "trap”, an energy level within the
bandgap caused by the presence of a foreign atom or a structural defect. Once the trap is filled it c:
not accept another electron. The electron occupying the trap energy can in a second step fall into
empty state in the valence band, thereby completing the recombination process. One can envisior
this process either as a two-step transition of an electron from the conduction band to the valence
band or also as the annihilation of the electron and hole which meet each other in the trap.

R

L 4
¢

Carrier generation due to licht absor )tion occurs if the photon energy is large eno. gnto
an electron from the valence band into an empty stat _
electron-hole pair. The photon energy needs to be at least equal to the bandgap energy to

satisty this condition. The photon is absorbed in this process and the excess energy, EpnLg!

added to the electron and the hole in the form of kinetic energy.

¢ in the conduction band, generating @

energy and eventually stops. This generation

nuclear particle counters. As the number of ion:
of the particle, one can also use such detect



Band-to-band recombination depends on the density of available electrons and heleﬁ”smfme both

carrier types need to be available in the recombination process, the rate is expeaeﬂ‘fob d
proportional to the product of n and p. -

Recombination at semiconductor surfaces and interfaces can have a significant impact on the
behavior of devices. This is due to the fact that surfaces and interfaces typically cama“in; a large
number of recombination centers because of the abrupt termination of the semicondt_le}:br crystal =

which leaves a large number of electrically active dangling bonds. In addition the st rfaces and

process.

Q40.Sketch PV system configuration circuits.
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, Q41.PV only System using integrated charge regulator, load controller.
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‘The main function of a controller or regulator is to fully charge a battery without p
overcharge and at the same time preventing reverse current flow at night. Sir:;::fdn
a transistor that shunts the PV charging circuit, terminating the charge at a pr iﬁgﬁﬁ olta;
once a pre-set reconnect is reached, opens the shunt, allowing charging to resume. Mbrg
sophisticated controllers utilize pulse width modulation (PWM) or maximum power peint]
(MPPT) to assure the battery is being fully charged. The first 70% to 80% of battery capaci
replaced, but the last 20% to 30% requires more attention and therefore more complexlty

Q42.Sketch & explain dc PV system with backup generator set (Gen set) -
A photovoltaic system (or PV system) is a system which uses one or more solar panels to con
sunlight into electricity. It consists of multiple components, including the photovoltaic modul
mechanical and electrical connections and mountings and means of regulating and/or modifvi  tf
electrical output.

Inverter

Charge
Controller

Q44.Explain (a) Hot spot heating (b) Efficiency limit losses & measurement

Hot-spot heating occurs when there is one low current solar cell in a string of at least several hlgﬁ'
short-circuit current solar cells.

10 cells in series
9 unshaded cells 1 shaded cell

/—-—‘___/\\____\ ‘

lﬂlﬂ teminais nﬂl‘l! Inmlh are connected (module Isc the
ﬂumm cells is dissipated across the shadeq m“'l' power from
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Due to the difficulty in measuring these parameters directly

instead: thermodynamic efficienc '
' Y, quantum efficiency, Ve ratio
losses are a portion of the quantum efficiency under "external quailtanumd t:;’lﬁ?lzt:: 'Beﬂm
y'.

Recombination losses make up a portion of the quantum efficiency, Vo ratio, and fill fact
: ) or.

Resistive losses are predominantl '
. y categorized under fill fact 1p mi
portions of the quantum efficiency, Ve ratio. e

other parameters are measured

The most fundamental of solar cell characterisation techniques is the measurement of cell

efficiency. Standardised testing allows the comparison of devices manufactured at different

companies and laboratories with different technologies to be ¢
The standards for cell testing are: a4 i

e Air mass 1.5 spectrum (AM1.5) for terrestrial cells and Air Mass 0 (AMO) for for
space cells.

e Intensity of 100 mW/cm” (1 kW/m”, one-sun of illumination)
e Cell temperature of 25 °C (not 300 K)
« Four point probe to remove the effect of probe/cell contact resistance

Q45.Explain PV cell interconnection & module fabrication.

photovoltaic module includes a plurality of photovoltaic cells, at least two of which include a
photosensitized nanomatrix layer and a charge carrier media. Preferably, the cells further
include a catalytic media layer. The photovoltaic cells are disposed between a first electrical
connection layer and a second electrical connection layer. In one embodiment, the cells are

interconnected in series and the electrical connections layers each include conductive and
insulative regions.

A solar cell (also called photovoltaic cell or photoelectric cell) is a solid state c_lectrical
device that converts the energy of light directly into electricity by the photovoltaic effect.

A ssemblies of cells used to make solar modules which are used to capture energy from
sunlight, are known as solar panels. The energy generated from these solar modules, referred

to as solar power, 1s an example of solar energy.

Photovoltaics is the field ! e ifically to

photovoltaic cells in producing electricity from light, though it is often used spec

refer to the generation of electricity from sunlight.

. 1ls when the light source 15 not necessarily sunlight
' .ation near the visible range,



Q46.What is efficiency limit for black body cell?

energy 1s always being emitted. This energy cannot be captured b the cell "
about 7% of the available incoming energy. Pt y the cell, and represents

increases, until an equilibrium 1s reached. In practice this equilibrium is normally reached at
temperatures as high as 360 Kelvin, and cells normally operate at lower efficiencies than their
room temperature rating. Module datasheets normally list this temperature dependancy as

Trore.
Q47.What is the effect of temperature?

Like all other semiconductor devices, solar cells are sensitive to temperature. Increases in
temperature reduce the band gap of a semiconductor, thereby effecting most of the
semiconductor material parameters. The decrease in the band gap of a semiconductor with
Increasing temperature can be viewed as increasing the energy of the electrons in the
material. Lower energy is therefore needed to break the bond. In the bond model of a
semiconductor band gap, reduction in the bond energy also reduces the band gap. Therefore

increasing the temperature reduces the band gap.

In a solar cell, the parameter most affected by an increase in temperature is the open-circuit
voltage. The impact of increasing temperature is shown in the figure below.

ESE Mcreases

slightly

high /

temperature
cell

Ve decreases

The effect of temperature on the [V characteristics of a solar cell.



1Q48.Explain the interaction of light with semi conductor. il

»
.

In a traditional solid-state semiconductor, a solar cell is made from t -
with a s}i ght ne gative l:_)ias (n-type semiconductor), which ahi: Ic:;(c)ttrna ti:rwe(; 1(1?;10‘:3}’@1;, ﬂ(:ne
other with a sl_l ght positive bias (p-type semiconductor), which is lacking free elez‘::'nn 3
When placed in contact, some of the electrons in the n-type portion will flow into th(; oty
to "fill in" the missing electrons, also known as an electron hole. Eventually enough ulr:i;yf?e
across the boundary to equalize the Fermi levels of the two materials. The result is a regionoz

the interface, the p-n junction, where charge carriers are depleted and/or accumulated on each

side of the interface. In silicon, this transfer of electrons produces a potential barrier of about
0.6V to 0.7V.

When placed in the sun, photons in the sunlight can strike the bound electrons in the p-type
side of the semiconductor, giving them more energy, a process known technically as
photoexcitation. In silicon, sunlight can provide enough energy to push an electron out of the
lower-energy valence band into the higher-energy conduction band. As the name implies,
electrons in the conduction band are free to move about the silicon. When a load is placed
across the cell as a whole, these electrons will flow out of the p-type side into the n-type side,
lose energy while moving through the external circuit, and then back into the p-type matenal
where they can once again re-combine with the valence-band hole they left behind, producing
a lower-energy photon. In this way, sunlight creates an electrical current.

Q49.What are the components of PV electrical system?

Solar Electric (or Solar PV) systems convert sunlight to electricity. The systems consist of
modules - or solar panels - inverter, charger and batteries. The PV modules generate DC
electricity and send it to the inverter, the inverter transforms DC power into AC electricity
and regulates the charge of batteries. The batteres store electricity that can be used at night or

during blackouts.

Q50.Sketch PV water pumping system & explain components.

A solar powered pump is a pump running on the power of the sun. A solar powered pump
can be more environmentally friendly and economical in its operation compared to pumps

powered by an internal combustion engine (ICE) or animal power.

Unlike a normal pump (such as positive displacement pumps, ...), the solar powergd pump 1S
actually a more of a dictionary phrase than a technical one.It is only used to describe that
there's a pump, being powered by another device (such as solar panels), being powered by the

renewable electricity generated from the sun (solar electricity).

A solar powered pump thus consist of 4 parts :

the actual fluid pump (that actually moves (pumps) gases or liquids under pressure) |
the controller (adjusting speed and output power according to input from solar panels)

the engine (usually an electric motor)

the energy source being powered by the sun (usually photovolatic cells (solar panels))

Solar array (photovolatic cells, solar panels) takes up 50% - 80% of the whole setup cost, .
~ which is the most expensive part. i |
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Q52.Write the equations for py water pumping,

H(S,p)=U + pr
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A Tygical PV System

Q54.What are the requirement of AS 45097

* AS 4509 Stand-alone Power Systems
* Part 1 Safety requirements

* Part 2 Design guidelines

* Part 3 Installation and maintenance

Q55.Sketch pv lighting system




Q57.Explain PV water system for water pumping. g i
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A solar powered pump thus consist of 4 parts :
o the actual fluid pump (that actually moves (pumps) gases or 11 PO Wl i

. N - or liquids under pressure)

. the controller (adjusting speed and output power according to input from sol: -

o the engine (usually an electric motor) S solar _elsz

. the energy source being powered by the sun (usually photovolatic cells (solar pénels))

Solar array (photovolatic cells, solar panels) takes up 50% - 80% of the whole setup cost
which is the most expensive part. . ¢

There are two major types of solar pumps, DC (direct current) and AC (alternating current).
DC solar pump:

e power output up 1o 2kW

« suitable for small applications (garden fountain, landscaping)

o relatively low-priced (require slightly less solar panel)

 low compatibility (only selected controller work selected motor)

AC solar pump: A solar pumping inverter is needed in AC solar pump setup. The mverter
converts DC generated from solar array 10 AC to drive the pumps in the mean time (as the

controller) to control output and speed.

« power output range from 150W to 55kW
. suitable for all kinds of applications from landscaping to irrigation, especially large

scale such as farmland irrigation, desert control, etc.
o high compatibility (1nverter works with different kinds of AC motor and pump)

If you have got a solar fountain at your home, then you must have learned that it s very
convenient to install the solar fountain into your backyard. But the actual situation may be
that you do not know what to do with your soar garden fountain or the tabletop fountain.
After all. why should you pay to set up the solar pump while the process is so easy? The
following 3steps will help you accomplish the setup and then just enjoy the beauty your new

solar water fountain brings 1o you.

1 Initiate the pump All kind of water pump, regardless of the electricity powered water
pumps or solar powered pumps can not have a good performance if it is pumping air. To
initiate the solar pumps, you need to put the body into the water so that the intake can ﬁl'l
with water and the air inside can be removed at the same time. This process takes little time
but is quite essential. This step should be every time when is has ever been detached from the

solar water fountain and has not worked for a period of time.

located where the panel can receive maximum sur
exposed, the more powel it will get for the fountain to work.

the water Though most solar powered pumps are equipped with a

_ is out of | .
3. Get file daorts S k the solar fountain intake, the choice of water type

filter to prevent dust and waste from bloc




