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We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

Panel typeSr.
No

1.

2.

3.

4.

5.

6.

Efficiency

PERC Highest (5% more than
monocrystalline)

Monocrystalline 20% and up

Polycrystalline 15-17%

Copper indium
gallium
selenide (CIGS) 

13-15%

Cadmium
telluride (CdTe) 9-11%

Amorphous
silicon (a-Si) 6-8%

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



We all know that solar panels help in 
converting sunlight to energy (electricity). 
When the sun shines onto a solar panel, energy 
from the sunlight is absorbed by the 
PV(Photovoltaics) cells in the panel. This energy 
creates electrical charges that move in 
response to an internal electrical field in the 
cell, causing electricity to flow.

Correct, safe, and careful packaging and 
handling of solar panels is becoming an 
increasing issue in an industry in which many 
companies compete against each other with 
similar products and pricing plays a crucial role.

Before sharing information about Solar Panels 
let us first understand the principle of 
conversion of Solar Power to electricity. 

What is Photovoltaics?

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 is generated 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.

The diagram above illustrates the operation of 
a basic photovoltaic cell, also called a solar cell. 
Solar cells are made of the same kinds of 
semiconductor materials, such as silicon, used 
in the microelectronics industry. For solar cells, 
a thin semiconductor wafer is specially treated 
to form an electric field, positive on one side 
and negative on the other. When light energy 
strikes the solar cell, electrons are knocked 
loose from the atoms in the semiconductor 
material. If electrical conductors are attached 
to the positive and negative sides, forming an 
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 light or a tool.

Several solar cells electrically connected to 
each other and mounted in a support structure 
or frame is called a photovoltaic module. 
Modules are designed to supply electricity at a 
certain voltage, such as a common 12 volts 
system. The current produced is directly 
dependent on how much light strikes the 
module.

Multiple modules can be wired together to 
form an array. In general, the larger the area of 
a module or array, the more electricity that will 
be produced. Photovoltaic modules and arrays 
produce direct-current (dc) electricity. They can 
be connected in both series and parallel 
electrical arrangements to produce any 
required voltage and current combination.

The typical solar panel is composed of 
individual solar cells, each of which is made 
from layers of silicon, boron and phosphorus. 
The boron layer provides the positive charge, 
the phosphorus layer provides the negative 
charge, and the silicon wafer acts as the 
semiconductor. 

When the sun’s photons strike the surface of 
the panel, it knocks out electrons from the 
silicon “sandwich” and into the electric field 
generated by the solar cells. This results in a 
directional current, which is then harnessed 

into usable power. 

A solar cell is made of two types of 
semiconductors, called p-type and n-type 
silicon. The p-type silicon is produced by 
adding atoms—such as boron or gallium—that 
have one less electron in their outer energy 
level than silicon.

The entire process is called the photovoltaic 
effect, which is why solar panels are also 
known as photovoltaic panels or PV panels. A 
typical solar panel contains 60, 72 or 90 
individual solar cells.

In a Nutshell 

1. Sunlight hits the solar panels

2. Inverter converts DC current to AC

3. Electricity flows from breaker box to home / 
workplace and appliances

4. Unused electricity flows through the utility 
meter to the main grid.

Typical PV inverter connected to a building’s 
electrical installation

There are 4 major types of solar panels 
available on the market today: 
monocrystalline, polycrystalline, PERC, and 
thin-film panels.

Monocrystalline solar panels

Also known as single-crystal panels, these are 
made from a single pure silicon crystal that is 
cut into several wafers. Since they are made 
from pure silicon, they can be readily identified 
by their dark black colour. The use of pure 
silicon also makes monocrystalline panels the 
most space-efficient and longest-lasting among 
all three solar panel types.

However, this comes at a cost — a lot of silicon 
is wasted to produce one monocrystalline cell, 
sometimes reaching over 50%. This results in a 
hefty price tag.

Polycrystalline solar panels

As the name implies, these come from different 
silicon crystals instead of one. The silicon 
fragments are melted and poured into a 
square mould. This makes polycrystalline cells 
much more affordable since there is hardly any 
wastage and gives them that characteristic 
square shape.

However, this also makes them less efficient in 
terms of energy conversion and space since 
their silicon purity and construction are lower 
than monocrystalline panels. They also have 
lower heat tolerance, which means they are 
less efficient in high-temperature 
environments.

Passivated Emitter and Rear Cell (PERC) 
panels

PERC solar panels are an improvement of the 
traditional monocrystalline cell. This relatively 
new technology adds a passivation layer in the 
rear surface of the cell that enhances efficiency 
in several ways:

• It reflects light back into the cell, increasing 
the amount of solar radiation that gets 
absorbed.

• It reduces the natural tendency of electrons 
to recombine and inhibit the flow of 
electrons in the system.

• It allows greater wavelengths of light to be 
reflected. Light waves over 1,180nm can’t be 
absorbed by silicon wafers and simply pass 
through, so they end up heating the cell’s 
metal back sheet and reduce its efficiency. 
The passivation layer reflects these higher 
wavelengths and stops them from heating 
up the back sheet.

PERC panels allow greater solar energy 
collection in a smaller physical footprint, which 
makes them ideal for limited spaces.  They are 
only slightly more expensive to produce than 
traditional panels, due to the added materials 
needed, but they can be manufactured on the 
same equipment, and can end up having a 
lower average cost per watt due to their 
efficiency.

Thin-film solar panels

Thin-film panels are characterized by very fine 
layers that are thin enough to be flexible. Each 
panel does not require a frame backing, 
making them lighter and easier to install. 
Unlike crystalline silicon panels that come in 
standardized sizes of 60, 72, and 96-cell counts, 
thin-film panels can come in different sizes to 
suit specific needs. However, they are less 
efficient than typical silicon solar panels.

Solar Panel Types by Efficiency

 

Solar Panel Types by Power Capacity

Monocrystalline cells have the highest power 
capacity because of their single-crystal 
construction that allows a higher output rating 
in a smaller package. Most monocrystalline 
panels can generate up to 300w of power 
capacity.

Recent advances in solar technology have 
allowed polycrystalline panels to bridge the 
gap. A standard 60-cell polycrystalline panel is 
now capable of producing between 240-300w. 
However, monocrystalline panels still beat 
polycrystalline in terms of power capacity per cell.

Because thin-film panels don’t come in uniform 
sizes, there is no standard measure of power 
capacity, and the capacity of one thin-film 
panel will differ from another based on its 
physical size. In general, given the same 
physical footprint, conventional crystalline 
panels output more power than a thin-film 
panel of the same size.

Six Main Components Of A Solar Panel

1. Solar photovoltaic cells 

2. Toughened Glass - 3 to 3.5mm thick

3. Extruded Aluminium frame

4. Encapsulation - EVA film layers

5. Polymer rear back-sheet

6.  Junction box - diodes and connectors

Installation guidelines for Solar Panels

The installation of Solar Power System involves 
the following major steps:

• Civil Foundation Job as per the dimensions 
of the solar panels to be procured.

• Assembly and fixing of support structure.

• Mounting of Solar Modules on the Support 
Structure.

• Installation of Battery Bank.

• Interconnection of SPV panel in series & 
parallel configuration, Charge Control Unit 
and FJB

• Connection of Battery Bank and Load

• Earthing of Lightning Protection Unit.

Mounting the Solar Modules

For mounting the solar panels, the mounting 
method must first be determined i.e. Roof 
mount or Ground mount.

While mounting the solar Modules, following 
points should be considered for getting 
maximum output from the solar modules:

• Modules should be oriented south facing to 
receive maximum sunlight.

• The Modules produce more power at low 
temperature and full sun.

• Tracking the Sun increases the amount of 
power from an array.

The Solar panels are generally installed in such 
a way that they can receive maximum

direct sunlight without shade from any 
building/trees nearby falling on them at any 
part of the day.

The Sun rises in the East and sets in the West 
because of Earth’s rotation around its own axis. 
Also, the Earth revolves around the Sun. Due to 
these two movements there is variation in the 
angle at which the Sun’s rays fall on Earth’s 
surface over a year. At any place on Earth this 
variation in angle in one year may be up to 45 
degrees. Considering these facts, the following 
guidelines are to be kept in mind while 
installing solar panels:

1. Solar panels should be installed at an angle 
of ‘(LATITUDE of the place + 10) degree’ from 
horizontal. For example, New Delhi has a 
latitude of 26 degree, hence any solar panel 
in New Delhi is to be installed at an angle of 
26 + 10=36 degree inclined to horizontal.

2. Solar panels should be installed South facing 
in the Northern hemisphere and North 
facing in the Southern hemisphere. Since 
India is in the Northern hemisphere, Solar 
panels will be installed always- South facing 
in our country. The directions North- South 
may be found with the help of Magnetic 
Compass.

3. Any obstruction (such as tree or building) 
should be avoided in East, West or South of 
the place of installation. The following is the 
criteria:

 (i) East or West: The distance between solar 
panel and obstruction should be more 
than double the height of obstruction.

 (ii) South: The distance should be more than 
half the height of obstruction.

4. The support for the Solar panel need to be a 
robust one and should not be accessible to 
public. It should be so installed that 
rainwater, bird dropping, leaves etc. do not 
accumulate and the top surface can be 
cleaned easily.

5. Calculate Tilt of Array

6. Calculate Space between Rows to avoid 
shadow.

 (i) Distance between adjacent rows of 
structures must be maintained so that the 
shadow can be avoided.

 (ii) Calculate or measure panel height H.

 (iii) Locate the PV site Latitude.

 (iv) The minimum panel spacing W is given by 
the formula W = H X U. Where H is the 
vertical height of the panel from the base. 
U can be determined corresponding to 
the latitude of PV site.

Solar power array with Ground mounting 

Solar Panel Packing: The important aspects

After the solar panels have been produced, 
being an overwhelmingly export-heavy 
product, they need to be packed safely, as the 
transport on the road, sea and air can be 
rough. Common solar panel packing material is 
corrugated cardboard boxes. Cardboard boxes 
are common with 2 panels in one box, or large 
cardboard boxes, as displayed on the image 
below. This packing method is suitable for 
framed solar panels.

There are many packaging companies that 
provide innovative packaging solutions to 
OEMs to decrease their logistics cost and 
increase utilization of space in the transports.

Solar panels undergo a long multi-step, time 
and raw material-consuming process until they 
are ready to be sold.

As a globalized industry with still most of the 
production of solar panels taking place in East 

and Southeast Asia and the largest share of 
end consumers being geographically distant 
from the manufacturing origin, these valuable 
goods must be shipped over a long distance via 
ocean.

Being high-priced products, an important – yet 
often neglected aspect in the solar industry – is 
the significance of correct, safe, and efficient 
packaging of the solar panels.

Solar panels reaching the customers broken, 
cracked, deformed, or scratched because of 
improper packaging are not only annoying but 
also costly. With panels having left the factory 
in good quality conditions but being damaged 
on the way, claims and disputes come up 
quickly. 

Solar panel packaging basics

Solar panels are typically either horizontally or 
vertically stacked in a box. Separators are 
placed between each module, and extra 
protections are added to the four corners of 
each module stack. In some cases, modules are 
also packed in individual cartons boxes to be 
packed into a large master carton box.

The box on the pallet is then sealed and 
strapped followed by being wrapped in plastic 
film. Solar panels are then usually shipped via 
ocean on pallets, holding on average 28-30 
panels and – depending on order quantities, 
with extra few panels stacked on top in extra 
small cartons.

Problems of bad packaging

Each panel is stacked horizontally on top of 
other panels. This can cause stresses on the 
panels below.  Clients do not detect this for a 
long time, especially micro-cracks that even 
grow and show their detrimental impacts after 
some time only.

Cracks in a solar panel

Micro-crack PV panels found based on I-V curve 
scanning

Packed horizontally, the solar panels are 
usually separated with either carton or plastic 
separators. Most available separator solutions 
are not of great help when it comes to 
protecting the module from mechanical 
stresses.

The carton separators and many available 

plastic separators are not strong and wide 
enough to sufficiently separate the modules 
from each other, thus the upper layers of the 
stack cause weight stress towards the lower 
layers. The stiletto effect occurs then with 
several hundreds of kilograms pressing on the 
corners of the bottom panels which can lead to 
micro-cracks in the cells.

With such potential occurrences of mechanical 
and weight stresses, it is usually a preferred 
and better solution to pack the panels vertically 
to minimize top-to-bottom pressure and 
weight stress to the modules.

Optimally, the pallets of vertically packed 
panels are banded and extra secured with 
protections between the panels with no space 
left so that they cannot move.

Many times, the modules are packed 
horizontally, in many cases to save costs and 
time during unpacking. In such cases, good 
buffer materials between each module and 
around the modules are necessary to reduce 
potential damages.

Dangers during loading and transport

With loading, transport and unloading there lie 
more dangers ahead. The risks the panels are 
exposed to during their long journey are 
multiple viz: improper packaging , mechanical 
stresses etc. Therefore, good packaging is 
essential to reduce the potential impacts of 
various, high probable factors that can occur 

during transport, such as rough handling 
during loading and unloading, walking on the 
pallets by workers, stress vibrations to the 
modules while being carried in a truck on a 
bumpy road, bouncing of badly packed 
modules on a pallet while shipped via sea.

Damages on the modules may even occur at 
the factory even with good packaging of the 
panels. Many manufacturers see their part of 
the job well done once the modules are 
packaged and can be handed over to the 
forwarders and shipping companies.

Dangerous impact factors are not considered 
many a times as the panels are insured and can 
already start when storing the packed panels in 
a warehouse or lifting them onto a truck.

Careless workers could with their forklifts 
easily damage the panels which end 
consumers may visually notice in form of dents 
on the pallet or in worse cases in form of 
underperforming cracked panels.

There already exist some companies 
specializing in solar (PV) module packaging, 
offering advanced packaging materials and 
sound packaging solutions.

It is best to include tilt meters and shock 

meters in the pallets to know the breach of any 
parameters.

When importing solar panels overseas, make 
sure at multiple steps from the purchase, 
packaging, loading, transport, to the arrival and 
unloading that the panels are packed safely 
and handled cautiously.

Below pointers are an absolute must for 
Robust Packaging of Solar Panels.

1. Corner protectors 

2. Adequate buffering between panels.

3. Cushioning on the sides.

4. Using vertical mechanical paper stiffeners at 
the corners. 

5. Using lids covers for master shipper with 
plastic bandings of high strength.

6. Palletization

For air shipments usually different type of 
packaging is used: wooden boxes.

PV packaging vs wooden boxes.

PV Pallet design features high-density plastic 
sidewalls (HDPE), cross-braces to protect solar 
panels in transit, and sliding locks and tabs that 
can also support partial loads.

The exterior walls are adjustable to suit 
different module sizes and collapse for easy 
storage and return shipping. A foldable cover 
(also assumed plastic) protects the face of the 
first and back of the last module on the pallet. 
Loaded units can be stacked up to 4-high, 
better utilizing warehouse space.

The weight is a major disadvantage of wood 
pallets which can add substantially to the 
freight costs.

Wood isn’t the only material used in pallets and 
plastic / fiber ones are already very common. 

Mechanical wood pallets can also be used. 
Plastic export pallets, often made from 
recycled materials, weigh in at around 7kg – 
15kg, but of course don’t offer the same sort of 
protection and flexibility that PV pallets give.

Wooden pallets need to be heat or chemically 
treated to comply with international import 
laws. The use of chemicals is becoming less 
common as aside from issues relating to toxicity, 
methyl bromide is an ozone depleting gas. Pallets 
fumigated with methyl bromide should have a 
stamp with the letters “MB” on them.

Precautions and recommendations when 
loading, unloading and un-packing solar 
panels

Instructions as per the SOP’s should be read 
carefully before un¬loading and unpacking the 
solar modules. They provide important 
information and guidelines for the safe 
loading, unloading, and unpacking of the solar 
modules. 

To ensure a proper and correct procedure for 
loading, unloading, and unpacking, the 
following measu¬res and guidelines must be 
followed. 

• The goods must be packed in protective 
corrugated cardboard boxes and tied up 
with plastic straps.

• The number of modules per pallet would 
depend on the respective module type.

Technical specifications for transport

Technical specifications for different types of solar 
modules.

• On the front side of each box there must be 
a list of the individual module data (sheet) of 
the solar modules in the pallet.

 

• In FTL(Full Truck Load) there are always 
double stacks of pallets which is two pallets 
on top of each other. 

• This corresponds to efficient and 
sus¬tainable transport, as the maximum 
transport capa-city can be used effectively.

• The stacked pallets are secured against 
unintentio¬nal movement or falling by using 
additional plastic banding and / or inflatable 
air bags to fill up the empty spaces.

Safety instructions for unloading 

• When unloading the workers to ensu¬re that 
the ground is level and solid. There is a 
danger of tipping over on uneven and / or 
un¬paved surfaces. 

• Recommend unloading from the rear side 
via an unloading ramp. 

• If no unloading ramp is available and 
unloading via the rear side is also not 
possible, the goods can be unloaded via the 
long side of the trailer (if possible). 

• When unloading to the side, ensure that the 
front pallets are first unloaded from the 
truck trailer as a double stack. 

• In the next step, the pallets behind them 
must be brought into the front row, in a 
favourable unloading position, using a pallet 
truck. From there they can be unloaded with 
a forklift or other aids. 

 o When unloading, please ensure that 
suitable aids (front loader, forklift, or 
similar) with the following minimum 
requirements are used: 

Fork length: ........................................ > 1.70 m 

Lifting height: ..................................... > 1.30 m 

Load capacity pallet 60 cell modules: > 1.40 t 

Load capacity pallet 72 cell modules: > 1.40 t 

Load capacity pallet 120 cell modules: > 1.70 t 

Load capacity pallet 144 cell modules: > 1.70 t

• Not suitable and not permitted is unloading 
by hand or with a pallet truck. Lift trucks are 
only suitable for positioning the modules in 
the truck / container. 

• As a rule of thumb as far as possible try and 
unload single pallet at a time.

• After unloading from the truck or container, 
make sure auxiliary equipment is available 
for lifting the top pallet from the stack. 

Preparations for unpacking: 

• First remove the protective film. Use a carpet 
knife and carefully cut the film from top to 
bottom. Take care not to cut through the 
cardboard. 

• Then pull the film up and off.

• The cardboard box is always double lashed 
on each side. First loosen all vertical straps. It 
is safest to remove these using strong 
scissors or side cutters. 

• Leave the horizontal strapping intact for the 
time being. 

• In the next step, open the box over the lid. 
Gently cut the tape that seals the box with a 
carpet knife. Make sure that the knife does 
not scratch the module frames below. 

• Fold the cover sides outwards. 

• Make sure the module strapping inside the 
box is undamaged before you remove the 
horizontal external strapping.

• Now undo the horizontal strapping on the 
out¬side. The vertical strapping on the inside 
pre¬vents the modules from tipping or 
falling over. 

• Now lift the outer packaging upwards. A 
second person is quite helpful here. 

• If necessary, the cardboard can also be cut 
open at one edge. Use strong scissors for 
this. When using a carpet knife, you should 
be ca¬reful not to injure yourself or damage 
the solar modules.

• Before removing the solar modules 
individually from the pallet, remove the 
vertical strapping. Working in pairs is a must 
here. One person secures the modules 
against tipping over to the front, while the 
second person loosens the straps. 

• The pallet to be positioned in front of an 
immovable object, by this the modules are 
secured against tipping over to the rear. 
Here they can also be leaned against a pillar 
or spar having proper cushioning.

Panel corner protectors

• Remove the desired modules as required 
and then secure the rest

Handle carefully



PHOTOS OF THE MONTH

Solar Power Plant Telangana II in state of Telangana, India, 12-MWp DC

Bhadla Solar Park in Jodhpur is the largest solar farm in the world. The facility, spans over an area
of 14000 acres.



Enlist some of the points that can ensure robust packaging of Solar Panels?

Please send your replies/ answers ONLY to: marine.newslink@tataaig.com

BACK-TO-BASICS

QUESTION OF THE MONTH

Which is the private car company in India that owns the maximum number of car carrier rakes?

LAST MONTH’S QUESTION

Maruti Suzuki owns the maximum number of car carrier rakes . It has 41 railway rakes, with a 
capacity of 300+ vehicles per rake.
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