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DEVICE USER GUIDE

Cover the solar cells when the device is not in use.

Cover the wind turbine when not in use. . : g
Clean the solar cells with a damp cloth and place them in a place where they can easily receive

sunlight.
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1) Electricity Generation from Solar (Photovoltaic Panels)

Although it is possible to produce electricity from solar energy by different methods, the most
technologically advanced method in this regard is the production of energy through solar
panels (photovoltaic panels). In this technology, energy conversion is achieved by using
semiconductor materials when sunlight reaches the panel surface..

2) Working Principle of Solar Cells

The photovoltaic effect is a simple physical process by which Solar Cells convert sunlight
into electrical energy. Sunlight, photons, or solar energy, consists of particles. Photons from
sunlight consist of different wavelengths and contain various amounts of energy
corresponding to these different wavelengths.
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There are three possible situations that can occur when photons hit the PV surface. The
photon can be reflected, absorbed or transmitted directly. Only absorbed photons can produce
electricity. In this case, the energy of the photon is transferred to the electron in the cell it hits.
With this energy, the electron escapes from its normal position and forms a part of the current
in an electrical circuit, converting sunlight into electrical energy.

3) Structure of Solar Cells

To generate the electric field within a PV cell, two separate semiconductors are sandwiched
together. Pure semiconductor materials neither conduct electricity well nor poorly. This is
because the number of electrons in the valence band is limited. The conductivity of a pure
semiconductor can be increased by increasing the number of electrons and holes. This is
created by adding a dopant to a pure semiconductor. There are two types of semiconductors
created by adding dopants. These are positive (p) and negative (n) type semiconductors. A PV
cell consists of positive (p) and negative (n) type semiconductor material.



=i e = e B B

BErE e == =

Cam

Gegirgen Yiizey Yapiytnct
Yansimay) Engelleyen katman
On Kontak

N Tipi Yan lletken

Birlesim Yiizeyi ——s

P Tipi Yan iletken

Arka Kontak

On Kontak

N Tipi Yaniletken
Serbest Elektron

Birlesim Yiizeyi ——s
P Tipi Yari Hletken

Serbest Oyuk

Ilustration of the layers of a solar cell

4) Types of Solar Cells

There are different types of solar cells depending on the materials used in their production.

Comparisons of solar cell types are given in the table.
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« Seri firetim daha basit. potansiyel olarak

::‘Ikuk dereceli silikondan yapildigy «  Imalat sireci daha basit ve kristal esash hiicrelere gare daha ucuz
E .Y Tk verinllty ucuzdur + Homojen goruntileri gorsel olarak daha
3 'E Plllgnnm Grettifinin 4 katna kadar  «  Tek kristalli hiicrelerle + Bir ok yeni uygulama alamna sebebiyet
g - gl ainy kiyaslandifinda daha az auk vercoek sekilde esnck imal edilebilirler
: . o atn Sendr, 25 y) garanti silikon vardir « Yiksck sicakliklar ve golgeleme gincy
- Distk tymim durumlarinda en iyi paneli performansini daha az etkiler
i * Yer problemi olmayan durumlarda ince
o film giney pancllerini kullanmak
avantajhdir
j : E“ pahaly hiicrelerdir * Diisiik silikon safliinn ylzinden. « Genel olarak konutlarda kullanim igin gok
* Eger guney pancli kismi olarak golge, gk knstall hucreler tek kristalli  uygun degildirler. Ucuzdurlar ancak gok
& kirveya karile kaplanirsa tam devie  giney hicreleri kadar verimli fazla yere ihtiyag duymakiadirar.
% kﬁlld"lhf (clektrik Gretimi durabili)  degildirler. * Digiik yer verimi PV
Z * Tek kristal silikon imalau igin The + Diisiik yer verimi ckipmanlannin fiyatlarnin artoca@s
g Crochralski yonicmi « Pargalt mavi goriinime sahip ok anlamina gelmektedir (orn. destck
3 k.“,"m!m!“’d"- Cok biiyiik kristalli giines hilcrelerine gore, malzemesi ve kablolar )
&  Wlindirik silikon bloklar halinde rek kristalli ve ince film gines * Tek kristali ve gok kristall hiicrelere goce
j Gretilmektedirier. Bu silindir hilereleri daha diizgiin bir yopya daha hizl degrade olurlar. Bu yiizden daha
bloklarin dort kdsesi silikon alttag sahip olduklarindan estetik olarak  kisa siireli garantiler ile satilirlar
yapim igin kesilir. Onemli mikuarda daha giizel goriiniirler
j silikon auk haline gelir
j CIS/C1GS
j Tipik modiil verimi %]15-20 %]13-16 %6-8 %9-11 %10-12

En iyi arastirma hilcresi

j tesiant %25.0 %204 %134 %18,7 %204
1 kWp igin gerekli alan 6-9 m? 89 m 13-20 m? 11-13 m? 9-11 n?
En disiik fiyat 0,75 8'W 0,625/'W 0,69 /W
Yiiksek Tek kristalli
y AR hilerelere gire  Yiiksek Digerleriyle kiyaslandiginda goreceli
Sicaklik dayanim Derformans %10 sicakhk sicakhklara olarak performans iizerinde etkisi daha
g 15 diismektodir | S2YAMN daha  dayanabilir azdir
= \ azdir
En eski ve en imalat Kristal esash giines hiicrelerine gore daha hizh
7 W diivie yaygin kullamlan  asamasinda daha pertormans kaybr olmaktadir
Y hiicre az silikon aufy i
teknolojisidir Vardie Piyasada bulunmasi zordur
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S) Solar Cell Systems

Solar Cell Systems can be used in every application where people need electrlca'l enerugcj;]. "
Pependlng on the applications, the solar cell module is created with cor.nrol devnce;s s
Inverters, accumulators, regulators and various electronic support circuits. Solar cell sys

applications can be divided into two main groups;

i: Grid connected Systems (On Grid)
1. Off-grid systems (OfT-Grid)

i Grid Connected Systems (On Grid):
Grid-connected solar cell systems can be in the form of large power systems (ROWCI" plantll
size) or in the form of small power systems in buildings. After the energy obta.mefi ma
powerful systems meets the electrical energy requirement of the system in W.h'Ch_ 118
installed, the excess electrical energy is sold to the electrical network. Only in this ey
DC electricity produced is converted to AC and made suitable for the grid. If su.fﬁment :
electrical energy cannot be produced, electrical energy is taken from the grid. Since there 15
no storage in these systems, there is no need for a battery group.

the

ii.  Off-Grid Systems (Off-Grid):

The power obtained from solar panels covers the systems, and the excess energy is stored in
batteries. This stored energy is used when solar energy is insufficient, especially during the
night. A regulator is used to prevent damage to the battery in cases of overcharging and
derating. The function of the regulator in the systems is to stop the battery or system current
from being drawn or to cut off the current from the solar cell.
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6) WHY SHOULD WE USE SOLAR ENERGY?

In order to popularize solar energy-powered systems, it is neces
knowledge about these systems. Naturally, as with every energy source and production
system, solar energy systems have advantages and disadvantages. For this purpose, the
advantages and disadvantages are listed below.

sary to have sufficient

Advantages

» In our world where fossil fuels are beginning to run out, solar energy, like other

renewable energy sources, is an endless, renewable and unlimited energy source. This
is the most important advantage of solar energy.

In an environment where global warming is increasing, carbon emissions do not
when obtaining energy from solar energy. They are systems that do not pollute the
environment, are environmentally friendly, and can be easily changed when necessary,
depending on energy needs.

Another environmentally friendly feature of solar energy is that it does not cause noise
pollution since it does not make any noise while operating.

Solar energy provides many applications such as hot water, heating, cooling, industrial
applications and electricity generation without requiring fuel costs.

Solar energy systems are easy to install according to energy needs. Additionally, if
energy needs increase, systems can be expanded quickly and easily.

After the production and installation costs in solar energy systems, it does not cause
much maintenance cost in use. Systems powered by solar energy can be easily
transported and installed. The use of solar cells may be more economical in rural areas
where there is no electricity grid line or where it is expensive to install a grid line.
Although the initial installation and production costs of solar systems are high, when
considered in the long term, the initial cost is reversible compared to fossil fuels.

Solar cell is durable, reliable and long-lasting. Every house can provide its own energy
with solar cells installed on its roof. Thus, transmission and energy transportation
costs and losses are eliminated.

occur
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photovoltaic panels and collectors with trac'kmg system:. izocost G
developments, energy is becoming more widespread an dition of the sun. Cloudy
The efficiency of solar energy systems dePeflds ¥ the‘ co:; affect the efficiency of
Wweather, environmental pollution, and sun direction directly
some systems. s s that produce
Large areas are needed to prevent shading, especially in COILevcitc‘l: z::gy continuity at
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EXPERIMENT SETUP




EXPERIMENT REPORT

1. Calculate the powers.

2. Draw your graphs (Angle-Power) for every angle.

DATAS
Angle(®)| Volt(V) | Amper(A) |Power(W)
Dd
30°
60°
90°

P=I*V




