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2- Baghdad

3- Hillah

4- Nasiriyah
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:(The Environment )

The definition of the term “ Environment” according to

Cambridge dictionary is the air, water, and land in or on

which people, animals, and plants live

(The Energy):

It is considered a property of matter that it cannot be

destroyed nor can it be created, but rather it is

transformed from one form to another and comes in

several forms (Potential, Kinetic, Thermal, Nuclear,

Chemical, Electrical, Electromagnetic, etc….).
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Humans ActivitiesGreenhouse EmissionGreenhouseGlobal Warming
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Generation of Power
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Transmission Power
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Distribution Power
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A barrel of oil equivalent (BOE) is a term

used to summarize the amount of

energy that is equivalent to the amount

of energy found in a barrel of crude oil.

It is an American unit of measurement

Equals to 159.98 liter or 42 Gallons.

1 BOE = 1628.2 KWh

The amount of 𝐶𝑂2 emissions per 

kilowatt hour:

• Coal : 1000g 𝑪𝑶𝟐/KWh

• Oil : 800g 𝑪𝑶𝟐/KWh

• Natural Gas: 500g 𝑪𝑶𝟐/KWh

• Combined cycle natural gas power plants : 

440g 𝑪𝑶𝟐/KWh

• Nuclear power ,wind power, hydropower 

and solar power are all less than

50g 𝑪𝑶𝟐/KWh
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Net Zero Emission

Sustainable Building
Using thermal Solar and 

Photovoltaic Panels
Energy Efficiency 
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Net Zero Emission

Using Renewable Source / 
Green Hydrogen

Using Micro-Hydro Power
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Recycling.Using modern technologies 
to treat industrial water and 

Sewage water.

Vegetative cover.

Net Zero Emission
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Transitioning the 
operation of power 

stations operating on 
fossil fuels to using gas

Net Zero Emission

Using technologies to improve combustion and
reduce emissions, such as DLN incinerators,
adding chemicals to fossil fuels, and using gas
disposal techniques. 𝑺𝑶𝑿 𝐍𝐎𝑿 𝐂𝐎𝑿
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Solar Panel

2

Multi contact 

MC4,MC6

3

Charge 

Controller

4

Battery

5

Inverters
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Protection 

Devices

Page19



So
lar

 p
an

els

1- Types of Solar Panels:
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1-1 Mono-facial solar panel.

1-2 Bi-facial solar panel.
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)Poly Crystalline)2

(Amorphous Silicon Cell)

or (Thin Film(3
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:(Efficiency of solar panels)

The engineer and technician must differentiate between two terms:

- Nominal Power of Solar Panel.

- The Efficiency of Solar Panel.

The power of the solar panel, for example 

(415 watts), represents the highest power 

(Pmax) that this panel can give under 

standard conditions.
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Passivated Emitter Rear Contact (PERC)
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International Technology Roadmap for Photovoltaic (ITRPV)
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PERC Technology TOPCon Technology Heterojunction Technology

Through the Figures below, we illustrate the difference between the (PERC)

technology , (TOPCon) and (Heterojunction) technologies.
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PERC Technology

If we look at the figure below, what are the layers that make up a P-Type PERC solar cell?
It consists of the following:
We also note that there are five layers:

1- ANTI-REFLECTION COATING to prevent 

light reflection to ensure the largest amount of 

light reaches the cell.

2- The n layer, which carries electrons

3- The (P) layer, which contains holes and is

thicker than the (N) layer, is therefore called

the (P-Type) cell.

(Rear Passivation)4-

5-ANTI-REFLECTION COATING
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As for the cells manufactured using (TOPCon) technology, they consist, as shown in the
figure below, of essentially seven layers. These layers differ from one company to another:

TOPCon Technology

1-Anti-Reflection Coating.

(Rear Passivation)2-

3- The (P) layer, which contains holes, is

thinner than the (N) layer.

4- The (n) layer, which carries electrons and is 

thicker than the (P) layer, is therefore called 

the (N-type) cell.

5- (Tunneling Layer) is a layer of inert silicon

oxide. Its function is to prevent the property of

(Recombination) and thus works to increase

efficiency. Because of this layer, the cell is

called (TOPCon). Page36
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TOPCon Technology

7-Anti-Reflection Coating.

6- An additional layer (Poly Silicon) to enhance 

conductivity and increase efficiency
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Heterojunction Technology

This technology combines the benefits of two

different types of solar cells into one high-power

hybrid solar cell:

crystalline silicon and

amorphous silicon thin-film.

They are made up of thin layers of N-type and

P-type silicon and a thin layer of amorphous silicon in

between, acting as an intrinsic layer. This results in

higher conversion efficiencies and lower

recombination rates.
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As a conclusion
If you are an engineer, technician, or a person interested in solar energy systems, it
is best for you in areas characterized by high temperatures, such as our country, Iraq,
to choose N-Type TOPCon panels, as they are the cheapest compared to the high-
priced (HIT), and they also have a low temperature coefficient, which It leads to
improved efficiency, and is also characterized by the ability to produce electrical
power in dim light (early morning) or before sunset, and this is what makes it in the
forefront at the present time in Iraq.
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