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Introduction to Solar Energy

* The sun is about |.4 million kilometers (about 870,000 miles) in diameter and its
interior temperature is about |5 million degrees Kelvin (about 27 million degrees F).
This high temperature, combined with a pressure that is 70 billion times higher than
atmospheric pressure on the earth, creates ideal conditions for fusion reactions. The
fusion reaction in the sun involves two hydrogen atoms combining to form a helium
atom, releasing the energy in the process. This energy is released in the form of high-
energy gamma radiation.

* As gamma rays radiate from the center to the outside of the solar sphere, they react
with the solar media and are transformed into lower-energy radiations, primarily in the
visible light and heat portions of the energy spectrum. The sun has been producing
energy in this manner for around 5 billion years, and will continue to do so for several
more billion years.

* The amount of solar energy reaching a specific location on the surface of the earth at a
specific time is called “insolation”, and its value depends on several factors. If the sun is

directly overhead, and the sky is clear, the radiation on a horizontal surface is about
1,000W/m?2.



Seasonal Variation of Solar Energy

The earth spins around its axis
once per day, and rotates in an
elliptical orbit around the sun once Y % June2l
per year. The axis around which the
earth rotates is tilted to 23.5° from
the solar plane toward the sun at
one end of its orbit and away from
the sun at the other end. This gives
rise to the seasons: when the
earth’s axis is tilted toward the sun,
the northern hemisphere receives
more  direct solar radiation
(summer). Six months later, when
the axis is tilted away from the sun,
the southern hemisphere
experiences summer. In between
are spring and fall, when the tilt of
the earth’s axis is neither toward

Sun’s path in the Sky

nor away from the sun.
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Pyranometer 1:
measures diffuse
horizontal irradiance

Shading disc for
pyranometer 1
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\ Pyranometer 2:

~ measures total
horizontal irradiance;
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Pyrheliometer:
measures direct
irradiance




Use of Solar Energy

* Throughout the history, humans have used the heat from sunlight to dry grains,
cook food, and heat water and homes. The concept and the use of solar thermal
energy started in 1767 when the Swiss scientist, Horace de Saussure, invented the
world’s first solar collector, or “hot box”. Renowned astronomer, Sir John Herschel,

used solar hot boxes to cook food during his expedition to Southern Africa in
the1830s.

* Today, solar collectors can gather solar thermal energy in almost any climate to
provide reliable, low-cost source of energy for many applications including heating
water for homes and residential heating systems. Various other industries, such as
laundries and food processing companies, also utilize solar energy. In recent years,
utilities have begun to use solar thermal energy to generate electricity by using
steam turbines. The steam is produced by concentrating the solar energy into a
water boiler.

* Another and currently the most popular way of utilizing solar energy is the use of
photovoltaic (PV) cells to convert the solar energy directly into electrical energy.



Photovoltaic Cells

Photovoltaic term is composed of two terms that are mainly Greek: “Phos” that means light and
“voltaic” that means electric. Photovoltaic term took its place in English literature in 1849.

Photovoltaic (PV) cells convert the solar energy directly into electricity. PV based systems are
commonly known as “solar cells,” and are currently used in a number of devices including
calculators, watches, and emergency radios. Large scale units can be used to provide power for
pumping water, communications equipment, satellites, and lighting homes.
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Photovoltaic Cells

Photovoltaic cells use semiconducting materials to capture the energy of sunlight, which is
composed of photons. These photons contain an energy corresponding to their wavelengths in
the solar spectrum.When sunlight or photons strike a PV cell, three events occur:

|. Photons pass straight through the cell. This depends on the band gap energy of the material
(The band gap energy is discussed in the following section). Photons with energy less than the
band gap energy pass through the PV cells.

2. Photons reflect off the surface.This depends on the surface characteristics of the material.

3. Photons are absorbed by the PV cell. Only photons with a certain level of energy are able to
free electrons from their atomic bonds. By leaving this position, the electron causes a “hole” to
form. The electrons from nearby atoms will move into this hole, and the process will continue
until it reaches the external electrical circuit. If the energy of the absorbed photons is higher than
the band gap energy, sometimes heat is generated, depending on the band structure.

a b c d
Light Electron Energy

Hole Oj /
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Fig. The interaction of photons with a semiconductor material. (a) The atom of the semicon-
ductor material, (b) Interaction of the atom with sunlight or photons, (¢) The ijection of electron
and creation of the hole, (d) Absorption of energy
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FOTOVOLTAIK GUNES ENERJI SISTEMLERI (PV)
YARI ILETKENLER
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_ FOTOVOLTAIK GUNES ENERJI SISTEMLERI (PV) .
PV HUCRELERININ YAPISI VE CALISMA PRENSIBI
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FOTOVOLTAIK GUNES ENERJI SISTEMLERI (PV)
p-n Jonksiyonlu Diyot

p-n jonksiyonlu diyot: p-n diyota iliskin akim-gerilim karakteristigi: A L
Loy (%%
I Iy =IL\ekT —1
P +
2 AL
n - 10
_ Iy—~iletim yonundeki diyot akimi (A) v,

V4= p-n diyot uglari yéniinde olusan gerilim (V)

p-n diyot gosterimi lo->Ters doyma akimi (A)
k—>Boltzman sabiti (1.381x10-23j/k)

T-> Kelvin olarak jonksiyon sicakhgi

g—>elektron yiki (1,602x101°C)



25°C jonksiyon sicakligi igin % katsayisi duzenlenirse;

q-Vg _ 1,602x1071° Va
k-T 1,381x10723 (273+25)

=389 %V,

I =I,(e38%Va — 1) (25°C 'de)



Photovoltaic Cells

PV materials with different band-gap energies have been developed to capture the various energy levels:

Silicon

Silicon is the most popular solar-cell material for commercial
applications because it is readily available and cheap. However,
to be useful in solar cells, it must be refined to 99.9999%
purity. Silicon can be used in three different forms in PV cells.
* Single Crystal

* Amorphous Silicon

* Polycrystalline Silicon Thin Film

LI

I
v v

<1.1eV <143 eV <1.7eV
Fig. Band gap energy of \'mﬁous PV materials

Gallium Arsenide

Gallium arsenide (GaAs) is another material proposed as a semiconducting materials for PV cells. It has several advantages over
silicon based PV cells. GaAs is especially suitable for use in multijunction and high-efficiency solar cells for several reasons:

|.The GaAs band gap is 1.43 eV, nearly ideal for single-junction solar cells.

2. GaAs has high absorptivity requiring only a few microns thick film to absorb sunlight. (In comparison, crystalline silicon requires a
layer 100 m or more in thickness.)

3. GaAs cells can withstand high temperatures and are less sensitive to heat compare to silicon, making it more suitable for solar
concentrator type applications.

4. Other types of gallium based semiconductors can be prepared using aluminum, phosphorus, antimony, or indium that have
characteristics complementary to those of gallium arsenide, allowing great flexibility in cell design.

5. GaAs is resistant to radiation damage making it very desirable for space applications.

The disadvantages are cost and toxicity of raw materials.

Assoc. Prof. Dr. Ozan Erdinc — Renewable Energy Systems - Course 2 — Solar Power 18
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Photovoltaic Cells

The current and voltage generated in a solar cell depend on a host of factors. To calculate the current and
voltage from solar cells, an equivalent electrical circuit may be considered.

The output current ([) from a solar cell is given by: Rs

I'=1p—1Ip—Isu

where, /p = photon generated current due to photoelectric effect

Ip = diode current Ip CT) ! Rsy v— ¢+

[sy = shunt current

The diode current, assuming an ideal diode, can be
expressed by the Shockley diode equation as:

4" D
Ip =1y (eT — l)

where [y is the saturation current of the diode. ¢ is the elementary charge (1.6 x
10~1°C), k is the Boltzmann constant (1.38 x 10723J/K). T is the cell temperature in
Kelvin, and V) is the measured cell voltage that is either produced (power quadrant)
or applied (voltage bias).

The shunt current is given by:
Vp . .
Isg = — where, Rgy is shunt resistance.
SH
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Photovoltaic Cells

The output voltage (V) from the cell is given by
V =Vp—IRs

where, V; is voltage across both the diode and the shunt resistor, and R is the load. Combining all equations gives

I =1p—1, I:L’qw:;i“?‘zsJ - l] — 7]/ +IRs
RSH

A typical | -V curve represented by the above given equation for a semiconductor when illuminated is shown
below:

s Many performances related parameters for the cell can be
determined from this | -V curve:

Short Circuit Current (I5.)

Isc This refers to the current from a solar cell when the top and the
bottom(negative and positive leads) leads are connected in a
= short circuit. In this situation, the impedance is low and the
:..; voltage equals zero.
(1)
g Open CircuitVoltage (Voc)

The open circuit voltage (V) occurs when there is no current
passing through the cell.

>V
Voltage (V) Voc

21
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Photovoltaic Cells

o
o

Current (/)

Y

max

Power (P)

Voltage (V)

A 4

Voltage (V)

Voc

Y

Maximum Power (P,,.,)

The power is calculated from P=IV. Therefore, at I and V., the power will be
zero, and the maximum value for power will occur between these two values.
The voltage and current at this maximum power point are denoted as V,,, and
Imps respectively.

Fill Factor

Fill factor is defined as the ratio of the maximum power (P,,,) to the theoretical
power (P;). The theoretical power is given by the product of open circuit voltage
and short circuit current. The fill factor (FF) is considered to be a measure of the

quality of a solar cell.
P, max I MP VMP

Pr — IscVoc

Both series and shunt resistances, which are discussed below, affect the fill
factor. An increase in the shunt resistance (Rg,) or a decrease in the series
resistance (R;) has a positive effect on the fill factor, resulting in a greater
efficiency. Typical fill factors range from 0.5 to 0.82.

FF =

Shunt Resistance

The efficiency of solar cells is reduced by the dissipation of power across
internal resistances. The shunt resistance arises from physical defects (scratches),
improper emitter formation, metallization over-firing, or material defects, All of
them can provide alternative paths for electrons to flow.

Series Resistance

This is caused by metal grids and other similar components of a PV cell. The
series resistance may be decreased by using a large cross sectional area for the
grid.
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Photovoltaic Cells

PV curve
250 T T T T T T Rotatvo

’;°°°Wl’"’: —E The produced PV power is directly
e\ | wewr proportional to solar radiation and inversely
proportional to temperature.
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The efficiency of PV cells depends on the temperature at which they
are operating. The effect of temperature on an | -V curve is shown in
the Figure. When a PV cell is exposed to higher temperatures, /g
increases slightly, while V,- decreases more significantly, and the
overall effect is the reduction in efficiency. As a result, higher
temperatures decrease the maximum power outputP_ ..

Isc

Current (/)

Voltage (V) Voc

The shift in the I-V curve due to higher temperature
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From a solar cell
to a PV System

A

Solar Module

Electricity Meter
AC Isolator

Fusebox

7 Inverter PV-System

. Battery

Charge Controller

- Generation Meter
DC Isolator
Cabling
~ Mounting

I Tracking System
[y -

An individual PV cell is the basic unit of a PV system. An individual PV
cell typically produces between | and 2W. Therefore, a number of

. L. . UTTTRTITONS. 1

individual cells are connected together to form larger units called |"|||||mm||ml"mm|

modules. Modules are then connected to form larger units known as mlmmmﬂlw “I“l —

arrays. Several arrays are next joined together to produce large scale 11 gl " Array
power units. Cell Module

25
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Photovoltaic Cells

The PV systems have advantages compared to other common power sources as follows:

* They have long usable lifetime more than 20 years.

* They can be operated in all meteorological conditions and can respond instantly to solar
radiation.

* They have a structure that is reliable, modular, robust and has low maintenance requirement.

* They have a quiet operation.

They also have different disadvantages:

* They have a high installation cost. Their power production is also dependent on
meteorological conditions and therefore they mostly require an energy storage system. This
further increases the installation cost.

* The efficiency of PV systems is lower than many energy systems.

* The PV system performance reduces due to time due to aging factor in semi-conductor
material in its structure.

* Due to partially reflection effect of PV module to solar light, there occurs also additional
losses.
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FV Sistemlerde Verim Artirici Uygulamalar:

» Glines Takip Sistemleri

» Maksimum Gu¢ Noktasi Takibi (Maximum Power Point Tracking-
MPPT)

» Optimum Konumlandirma



» Gunes Takip Sistemleri

AUp
Z
North b e
A > Pcad
h=elevation z =zenith angle, A = Azimuth angle, '
angle, measured measured from measured clockwise
up from horizon  vertical from Notth

* Sabit Egim Acili Sistemler HORIZON
* Tek Eksende Glines Takibi
 Cift Eksende Gunes Takibi




* Sabit E§im Acili sistemler * Tek eksende giines takibi yapan
diizenekler









» FV yapilar glines i1sinimi
altinda ¢alistikca
jonksiyon sicakliklari
artar. Artan sicakhga
bagl olarak FV sistemin
Akim-Gerilim egrisi, Glc-
Gerilim egrisi ve
Maksimum Gug Noktasi
(MGN) degisir.

Akim (A)
A
ISC —
Artan
Ortam
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60 °C °c\ 20°C
(a) Voc Gerilim (V)

Gug (W)
A

2 - /
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(b) Gerilim (V)



» MPPT devreleri sekilde

gosterildigi gibi bir DC-DC
donustirici ve bir kontrol .

devresinden meydana gelir. PANEL
Bu devreler FV panel ile yik

Ipv

Vpv

A\ 4

DC-DC
DONUSTURUCU

arasindaki gerilim
uyusmazhgini ortadan
kaldirarak FV panelin
maksimum gli¢c noktasinda
calismasini saglar.

4

GERI BESLEME KONTROL
DEVRESI

YUK




» Mppt algoritmalarinin
temel felsefesi, FV yapidan
en fazla glictin bataryaya
veya sebekeye
aktarilmasinin
saglanmasidir.
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Smart PV Controller HUAWE!

T
) 'L\
| 4 ] ]
[ ]
‘.é )
- f |
¥ Effcer M
. 8 Q
|
2
o 8 A ©
N J
MEL o
T
Efficiency Curve Circuit Diagram

Technical Specilication

SUN2000-100KTL-M1
Technical Specification
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THANK YOU...
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