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مدينة الملك عبد العزيز للعلوم والتقنية  

2050أهــم عشــرة مشــاكل تواجه العــالم حتى عام 

الطـاقة
المياه
الغــذاء
البيئــة
الفقــر
 الإرهاب

والحروب
الأمــراض
التعــليم
الديمقراطية
كثافة الســكان مليار نسمة6.5: 2003

مليار نسمة8-10: 2050

الطـاقة عالميـا



Energy Crisis

Gap between Energy Production & Demand



Energy Crisis

Causes of Energy Crisis



مدينة الملك عبد العزيز للعلوم والتقنية  

البترول
نوع  الخـــام

توترات سياسية

استكشافات

ةكوارث طبيعي

نمو 
أسعار الصرفالطلب 

الطـاقة عالميـا



Energy Crisis

Possible Solutions of Energy Crisis



Energy Crisis

Renewable Energy Vs. Non-renewable Energy





Renewable Energy

Renewable Energy Sources









Renewable Energy

Globle Renewable Energy Share



Solar Energy



درجة مئوية5000درجة الحرارة علي السطح حوالي 

مليون كيلو متر1.4يبلغ قطر الشمس 
مرة 109والشمس أكبر من كوكب الأرض 

درجة مئوية15000درجة الحرارة في اللب حوالي 

الطــاقة الشمسية 

نجم الشمس



Solar Energy & Application

Solar Energy Radiation



Solar Energy

Annual cumulative global horizontal plane solar insolation
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Solar Cell Orientation & Angles

Azimuth Orientation: 
Azimuth – This is the  
compass angle of the sun  
as it moves through the  
sky from East to West over

of the day.  
azimuth is

the course  
Generally, 
calculated as an angle
from true south.



Solar Cell Orientation & Angles

Tilt Orientation:
Solar Panel Tilt refers to
our zenith or elevation
setting. Once the best
azimuth position is found,
the next parameter that is
the key to producing the
most solar electricity is the
elevation of the PV panel.





Solar Tracking

• Tracking the position of the sun in order to expose a solar panel to
maximum radiation at any given time is the main purpose of a solar
tracking PV system giving the best solar panel orientation at all times
of the day.

• Solar tracking increases the solar radiation received by up to 25-30%
compared to no tracking.

• Dual-axis tracking increase the solar radiation received by up to 33-
38% compared to no tracking.









Solar Tracking

• Website for Tilt Angle:
http://solarelectricityhandbook.com/solar-angle-calculator.html

•Websites for Sun-path Chart: 

https://www.sunearthtools.com/dp/tools/pos_sun.php 

http://solardat.uoregon.edu/SunChartProgram.html

http://solarelectricityhandbook.com/solar-angle-calculator.html
https://www.sunearthtools.com/dp/tools/pos_sun.php
http://solardat.uoregon.edu/SunChartProgram.html


Solar Energy & Application

• Solar energy is radiant and from the sun that is harnessed 
using a range of ever-evolving technologies.



Solar Energy & Application

• The applications are classified according to the temperature: (Low-
Medium-High)



أنــواع الإشــعاع الشمســـي

بواسطة امتصاص الأشعة 

السحب والملوثات
وىتشتت فى الغلاف الج

أشعة 

مشتتة

أشعة مشتتة 

ومباشرة

أشعة 

مباشرة أشعة 

مشتتة

أشعة كلية

الطــاقة الشمسية 



تطبيقات الطــــاقة الشمســـية

سخـانات الميـاه الشمسيـة

-:(م80)التطبيقات 
المنـازل-
الفنادق-
بعض المصانع-

الطــاقة الشمسية 



قيـز طبـــركــم  

محرك/مستقبل

عاكس طبقى

ركزات البرج المركزي م 

برج مركزى

مرايا 

تطبيقات الطــــاقة الشمســـية

الشمسيـةالمركزات

الطــاقة الشمسية 



مركزات القطع المكافئ

ماص حرارى

عاكس

أنابيب تجميع

تطبيقات الطــــاقة الشمســـية

الشمسيـةالمركزات

الطــاقة الشمسية 



Solar Water Heating

A solar water heating unit
comprises a blackened flat plate
metal collector with an associated
metal tubing facing the general
direction of the sun. The plate
collector has a transparent glass
cover above and a layer of
thermal insulation beneath it.



Solar Water Heating



Solar Heating of Buildings

(a) Collecting the solar radiation by
some element of the building itself i.e.
solar energy is admitted directly into
the building through large South-facing
windows.



Solar Heating of Buildings



Solar Heating of Buildings

(b) Using separate solar collectors
which may heat either water or air or
storage devices which can accumulate
the collected solar energy for use at
night and during inclement days.



Solar Heating of Buildings



Solar Distillation

Solar radiation passes through the
covers and is absorbed and converted
into heat in the blackened surface
causing the water to evaporate from
the brine (impure saline water). The
vapors produced get condensed to
form purified water in the cool interior
of the roof.



Solar Distillation



Solar Pumping

In solar pumping, the power
generated by solar-energy is
utilized for pumping water
for irrigation purposes.



Solar Drying

Agricultural  
dried in a

products are  
simple cabinet

dryer which consists of a box
insulated at the base,
painted black on the inner
side and covered with an
inclined transparent sheet of
glass.



Solar Furnace

In a Solar furnace, high
temperature is obtained by
concentrating the solar
radiations onto a specimen
using a number of heliostats
(turn-able mirrors) arranged
on a sloping surface.



Solar Furnace



Solar Cooker

Concentrating sunlight: A
mirrored surface with high
specular reflectivity is used
to concentrate light from the
sun onto a small cooking
area.



Solar Electric Power Generation

The photovoltaic cell is an
energy conversion  
which is used to

device  
convert

photons of sunlight directly  
into electricity.



Solar Electric Power Generation



Solar Thermal Power Production

Solar energy is first utilized 
to heat up a working fluid. 
This heat energy is then 
converted into mechanical 
energy through a turbine.
Finally a conventional 
generator coupled to a 
turbine converts this 
mechanical energy into 
electrical energy.



Solar Thermal Power Production



Solar Green House

A green  
structure

house is a  
covered with

transparent material (glass
or plastic) that acts as a
solar collector and utilizes
solar radiant energy to
grow plants.



Shading

Shading of photovoltaic modules
is one of the most significant
causes of losses in a PV system.
In fact, the shading of 10% of
the area of a system could cause
a loss of 50%. This
disproportionate effect is caused
by string design.















Street lighting system



Hybrid solar system
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Self-Shading

An interesting aspect is the
effect whereby rows of ground-
mounted PV arrays cause
shading of subsequent rows. If
the rows of tilted modules are
too close to each other, one row
will cause a shadow on the next,
causing additional losses.



Self-Shading

The procedure for calculating
shadow spacing starts with the
sun’s position in the sky on the
winter solstice, December 21st.
You need to obtain the
minimum solar altitude angle α,
which is the minimum angle the
sun makes with the ground in
your shade-free solar window.



Self-Shading

After finding the Solar Altitude and Azimuth angles, the calculations to  
determine row spacing can begin.
The maximum shadow distance can be obtained through using equation:

𝐃′ =
𝐡

𝐭𝐚𝐧(𝑎
)The minimum inter-row spacing needed to avoid shade can be obtained  

through using equation:
𝐃 = 𝐃′ ∗ 𝐜𝐨𝐬(𝟏𝟖𝟎 − 𝛙)

α = solar altitude angle, ψ = solar azimuth angle 
h = height of obstruction, x = tilted module length

θ = tilt angle, h=x* sin(θ) for tilted solar arrays



Self-Shading

Example:

For 21, Dec, the tilt angle = 45⁰ and the panel tilted length = 2 (m). Calculate 
the minimum and maximum inter-row spacing needed.

ℎ = 2 ∗ sin 45 = 1.41 (𝑚)

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝐷′ =
1.41

tan(36.49)
= 1.91 (𝑚)

𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝐷 @ 9 𝑎𝑚 ψ = 137.2
𝐷 = 1.91 ∗ cos 180 − 137.2 = 1.4 (𝑚)
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Background



Background



Background



Background



Background



Background



Background

• Reasons for Crystalline SI-based Solar Cells:

1- Abundant Materials (~ 25% of Earth’s Crust) 

2- Non-Toxic to human (Green Materials)

3 High Energy Conversion Efficiency (>20%)

4 Long-term stable in outdoor performance (>20 years)



Raw Materials



Raw Materials

• The solar module consists of the silicon semiconductor
surrounded by protective material in a metal frame.

• The protective material consists of an encapsulated of
transparent silicon rubber or butyryl plastic bonded around the
cells, which are then embedded in ethylene vinyl acetate
(EVA).

• A polyester film (such as mylar or tedlar) makes up the backing.

• A glass cover is found on terrestrial arrays, a lightweight plastic 
cover on satellite arrays.

• The electronic parts are standard and consist mostly of copper. 
The frame is either steel or aluminum.



The Manufacturing Process

• Purifying the silicon:

The silicon dioxide of either quartzite gravel or crushed quartz is
placed into an electric arc furnace. A carbon arc is then applied
to release the oxygen. The products are carbon dioxide and
molten silicon. This simple process yields silicon with one percent
impurity, useful in many industries but not the solar cell industry.



The Manufacturing Process

• Making single crystal 
silicon:

The 99 % pure silicon is 
purified even further using 
the floating zone technique.



The Manufacturing Process

• Making single crystal 
silicon:

The most commonly used 
process for creating the 
boule for solar cells 
production is called the 
Czochralski method.



The Manufacturing Process

• Making silicon wafers:

a) From the boule, silicon wafers are sliced one at a time using 
a circular diamond saw whose inner diameter cuts into the 
rod, or many at once with a multiwire saw.

b)The wafers are then polished to remove saw marks. (It has 
recently been found that rougher cells absorb light more 
effectively, therefore some manufacturers have chosen not to 
polish the wafer.)



The Manufacturing Process

• Doping:

The traditional way of doping (adding
impurities to) silicon wafers with boron and
phosphorous is to introduce a small amount of
boron during the Czochralski process. Doping is
a technique used to vary the number of
electrons and holes in semiconductors.



The Manufacturing Process

• Doping:

Doping creates N-type material when

elements of pentavalent such
semiconductor materials doped with

as
Phosphorus N-type materials increase
the conductivity of a semiconductor by
increasing the number of available
electrons.



The Manufacturing Process

• Doping:

P-type materials
semiconductor materials

are created 
doped

when  
with

elements of trivalent such as Boron. P-type
materials increase conductivity by increasing
the number of holes present.



The Manufacturing Process

• The anti-reflective coating:

Because pure silicon is shiny, it can reflect up to 35 percent of 
the sunlight. To reduce the amount of sunlight lost, an anti-
reflective coating is put on the silicon wafer.

The method is to allow the silicon itself to react with oxygen- or 
nitrogen-containing gases to form silicon dioxide or silicon 
nitride. Commercial solar cell manufacturers use silicon nitride.



The Manufacturing Process

• Placing electrical contacts:

Electrical contacts connect each solar cell to another and to the 
receiver of produced current. Metals such as palladium/silver, 
nickel, or copper are vacuum-evaporated through a photoresist, 
silkscreened, or merely deposited on the exposed portion of 
cells that have been partially covered with wax

After the contacts are in place, thin strips ("fingers") are placed 
between cells. The most commonly used strips are tin-coated 
copper.



The Manufacturing Process



The Manufacturing Process



The Manufacturing Process

• Encapsulating the cell:

The finished solar cells are then encapsulated; that is, sealed 
into silicon rubber or ethylene vinyl acetate. The encapsulated 
solar cells are then placed into an aluminum frame that has a 
mylar or tedlar backsheet and a glass or plastic cover.



The Manufacturing Process



The Manufacturing Process



The Manufacturing Process



Block & Bypass Diodes

• Blocking diode is used in series with
the panels and battery in reverse
biasing to prevent reverse flow of
the current.

• Bypass Diodes are used in parallel
with either a single or a number of
photovoltaic solar cells to prevent
the current(s) flowing from good,
well-exposed to sunlight solar cells
overheating and burning out weaker
or partially shaded solar cells by
providing a current path around the
bad cell.



Junction Box

• The solar panel junction box is

underside of the solar
an enclosure placed at the

PV
module (solar back sheet). It is
an important part through which
two or more solar PV panels are
interconnected.

• Each solar junction box has two
wires. One wire is the DC
positive (+), and the other is the
DC negative (-).



Junction Box

• The cables from a solar panel
junction 
electricity

box transport the  
from the solar PV

module to the string. Modern PV
solar panels tend to use the MC4
connectors because they make
wiring the PV array much simpler
and faster.

• The MC in MC4 stands for the
manufacturer Multi-Contact and
the 4 for the 4mm diameter
contact pin.



Junction Box



Junction Box

• PV junction box encapsulates
solar bypass diodes that keep  
solar power flowing in one

prevent it from
to the solar PV

direction and
feeding back
panels.

• A quality solar panel junction box
minimizes corrosion at the
terminals; as it will exclude that
moisture enters the PV panel.
The majority of solar junction
boxes have at least an IP65
rating.



Junction Box

• IP is an acronym used for Ingress Protection.

• The IP rating of an enclosure is a two digit numeric code that tells
you how resistant a particular box is to dust and fluid ingress.

• The rating consists of the IP abbreviation (IP) followed by a two
digit code. Each digit represents the degree of tolerance against
one of the environmental factors.

• The first digit is the degree of tolerance against solid particles
ingress while the second digit shows the same for liquid particle
ingress.



Junction Box



The Manufacturing Process

• Why thin film technology for photovoltaic ?

The competitiveness of a photovoltaic module is largely determined by the cost per 
unit power output. They have certain advantages in manufacturing compared to 
traditional silicon photovoltaic cells:

• Lower consumption of materials.
• Independence from shortages of silicon supplies.
• Fewer processing steps.
• Simplified materials handling.
• Process lends itself to automation.
•Integrated, monolithic circuit design; no assembly of individual solar cells into 
final products.



The Manufacturing Process

• The different thin film technologies

Different thin film photovoltaic technologies have been studied
en developed for terrestrial applications. Those with the greatest
potential to significantly reduce manufacturing costs are already
commercially available. These are:

• amorphous silicon (a-Si)

• cadmium telluride (CdTe)

• copper indium gallium selenide / sulfide (CIGS)

• thin film silicon (Si-film)



The Manufacturing Process



How Solar Photovoltaic Cells Work



How Solar Photovoltaic Cells Work

The energy difference 
between the highest 
occupied energy state of 
the valence band and the 
lowest unoccupied state of 
the conduction band is 
called the band gap and is 
indicative of the electrical 
conductivity of a material.



How Solar Photovoltaic Cells Work

This band gap also allows 
semiconductors to convert 
light into electricity in 
photovoltaic cells (1.12 ev 
for silicon).



Factors Affecting Solar Cells



Factors Affecting Solar Cells



Factors Affecting Solar Cells



Factors Affecting Solar Cells

• In addition to these factors, the amount of energy delivered by a PV module is
dependent on other factors such as the reliability of other components of the
overall system and other environmental conditions.

A. Nameplate DC Rating.

B. Mismatch losses.

C. Soiling losses.

D. DC and AC Wiring.

E. Sun-Tracking loss.



Solar Cells Different Types

Gallium Arsenide:

• Gallium arsenide has a similar crystal structure to that of mono-crystalline silicon,
but with alternating gallium and arsenic atoms.

• Due to its higher light absorption coefficient and wider band gap, GaAs cells are 
much more efficient than those made of silicon. Additionally, GaAs cells can operate 
at much higher temperatures without considerable performance degradation, 
making them suitable for concentrated photovoltaics.

• GaAs cells are produced by depositing layers of gallium and arsenic onto a base of 
single crystal GaAs, which defines the orientation of the new crystal growth. This 
process makes GaAs cells much more expensive than silicon cells, making them 
useful only when high efficiency is needed, such as space applications.



Solar Cells Different Types

Multi-Junction:

• Multi-junction cells have 2 or more junctions layered on top of each
other, allowing energy to be collected from multiple portions of the
spectrum.

• Multi-junction cells are produced in the same way as gallium arsenide 
cells—slowly depositing layers of material onto a single crystal base, 
making them very expensive to produce, and only commercially viable 
in concentrated PV systems and space applications.



Solar Cells Different Types

• Emerging Cell Technologies:

• Perovskite solar cells, named after their specific crystal structure, can 
be produced from organic compounds of lead and elements such as 
chlorine, bromine or iodine.

• They are relatively cheap to produce and can boast efficiencies close to 
those of commercially available silicon cells but they are currently 
limited by a short lifespan.



Solar Cells Different Types



Solar Cells Different Types



Solar Cells Different Types



Solar Cells Different Types



Solar Cells Different Types



Solar Cells Connections



Solar Cells Connections



Characteristics of Solar Photovoltaic Cells

Standard Test Conditions (STC) against Nominal Operating  
Temperature (NOCT):

Cell

Standard Test Conditions are the laboratory conditions under which all PV  
modules are tested. STC means:

1An irradiance of 1000 watts per square meter (W/m2), which simulates peak  
sunshine on a surface.

2 Temperature of the cell 25°C.

However, these are idealized conditions which don't reflect the real site conditions 
under which a PV module will operate.



Characteristics of Solar Photovoltaic Cells

Standard Test Conditions (STC) against Nominal Operating Cell Temperature 
(NOCT):

The conditions at Nominal Operating Cell Temperature aim to simulate reality more 
closely:

1The irradiance is 800 watts per square meter (W/m2), which takes into account the fact 
that PV modules don't always face the sun.

2 Solar panels heat up considerably during operation, so the temperature considered is
45 (+/- 3) °C.

3 Temperature of ambient air of 20°C is considered.

This means that solar panels will always have higher ratings at STC compared with NOTC.



Characteristics of Solar Photovoltaic Cells



Characteristics of Solar Photovoltaic Cells



Characteristics of Solar Photovoltaic Cells



Characteristics of Solar Photovoltaic Cells



Solar Cell I-V Characteristic Curves



Solar Photovoltaic Systems

Stand Alone PV System (OFF-Grid)



Solar Photovoltaic Systems

Grid-Tied PV System (ON-GRID)
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Batteries

• A battery is a device that is able to store electrical energy in the  
form of chemical energy, and convert that energy into electricity.

• Advantages:
− Backup for night and cloudy days.

• Disadvantages:
− Decreases the efficiency of PV system.
− Only 80% of energy stored retainable.
− Adds to the expense of the system.
− Finite Lifetime ~ 5 – 10 years.
− Added floor space, maintenance and safety concerns.



Batteries

Batteries

Primary batteries; if the battery 
is disposable, it will produce 
electricity until it runs out of 

reactants. These batteries only 
work in one direction, 

transforming chemical energy to 
electrical energy.

Rechargeable batteries 
(secondary batteries); are 

designed so that electrical energy 
from an outside source can be 

applied to the chemical system, 
and reverse its operation,

restoring the battery’s charge.



Theory of Operation



Stages of Charging

• There are four stages to your battery charging:

• Bulk – occurs when the batteries are at a lower state-of-charge,
generally anything less than 80% full. The Bulk stage basically
allows the solar panel to put as much amperage into the batteries
as possible.

• Absorb – once the batteries reach the programmed “Absorb
Voltage”, usually somewhere between 14.4 – 14.8 Volts for lead-
acid batteries, the batteries will go into the Absorb stage. During
this stage, the batteries are kept at the programmed voltage, and
the amperage going into the batteries reduces as the batteries
become more full.



Stages of Charging

• Float –batteries achieve float stage where the charge voltage is
reduced to between 13.0 VDC and 13.8 VDC and held constant,
while the current is reduced to less than 1% of battery capacity.
This mode can be used to maintain a fully charged battery
indefinitely.

• Equalization – is a controlled overcharge stage. The electrolyte in a
wet battery can stratify over time. In equalization, the voltage is
brought up above peak charging voltage (15-16 volts in a 12 volt)
well into the gassing stage, and held for a fixed (but limited) period.
This stirs up the chemistry in the entire battery, "equalizing" the
strength of the electrolyte.



Stages of Charging



Different Types of Batteries

Rechargeable  
Batteries

Lead-Acid
Nickel Cadmium 

(Ni-Cd)
Lithium-ion  

(Li-ion)

Nickel-Metal  
Hydride (Ni-

MH)



Lead Acid Batteries

• Lead acid batteries are a low-cost reliable power workhorse
used in heavy duty applications.

• They are usually very large and because of their weight, they’re
always used in non-portable applications such as solar-panel
energy storage, vehicle ignition and lights, backup power and
load leveling in power generation/distribution.

• The lead-acid is the oldest type of rechargeable battery and
still very relevant and important into today’s world.



Lead Acid Batteries

• Difference between a normal lead-acid car battery and a deep
cycle battery;

• A car's battery is designed to provide a very large amount of
current for a short period of time. This surge of current is
needed to turn the engine over during starting.

• A deep cycle battery is designed to provide a steady amount of
current over a long period of time. A deep cycle battery is also
designed to be deeply discharged over and over again
(something that would ruin a car battery very quickly).



Deep Cycle Lead Acid Batteries

Flooded: This is the traditional
engine start and traction style
battery. The liquid electrolyte is
free to move in the cell  
compartment. The user has
access to the individual cells and
can add distilled water as the
battery dries out.



Deep Cycle Lead Acid Batteries

Sealed: The only difference is that the
manufacturer has ensured that a
sufficient amount of acid in the battery
to sustain the chemical reaction under
normal use throughout the battery
warranty period.

VRLA: This stands for Valve Regulated
Lead Acid battery. This is also a sealed
battery. The valve regulating
mechanism allows for a safe escape of
hydrogen and oxygen gasses during
charging.



Deep Cycle Lead Acid Batteries

AGM: Absorbed Glass Matte
construction allows the
electrolyte to be suspended
in close proximity with the
plate’s active material. In
theory, this enhances both
the discharge and recharge
efficiency.



Deep Cycle Lead Acid Batteries

GEL: The gel cell is similar to

electrolyte is suspended,
the AGM style because the

but
different because technically
the AGM battery is still
considered to be a wet cell.
The electrolyte in a GEL cell has
a silica additive that causes it
to set up or stiffen, like Jell-O.



Nickel Cadmium Batteries

Specific Power: 150W/kg 

Charge/discharge efficiency: 

70-90%

Self-discharge rate: 
10%/month

Cycle durability/life: 
2000cycles



Nickel-Metal Hydride Batteries

Specific Power: 250-1000 
W/kg

Charge/discharge efficiency: 
66% - 92%

Self-discharge rate: 1.3-
2.9%/month at 20°C

Cycle Durability/life: 180 -
2000



Lithium-ion Batteries

Specific Power: 250: 340 
W/kg

Charge/discharge 
percentage: 80-90%

Cycle Durability: 400: 1200 
cycles

Nominal cell voltage: NMC 
3.6/3.85V



Other Batteries Types



Batteries
• Below are some factors to consider when selecting the right type of battery for your project:

• 1. Energy Density: The energy density is the total amount of energy that can be stored per unit 
mass or volume. This determines how long your device stays on before it needs a recharge.

• 2. Power Density: Maximum rate of energy discharge per unit mass or volume.

• 3. Safety: It is important to consider the temperature at which the device you are building will 
work. High temperatures generally reduce the performance of most batteries.

• 4. Life cycle durability: The stability of energy density and power density of a battery with 
repeated cycling (charging and discharging) is needed for the long battery life required by most 
applications.

• 5. Cost: It is important that the cost of your battery choice is commensurate with its
performance and will not increase the overall cost of the project abnormally.



Batteries Connection



Batteries Connection



Batteries Connection



Batteries Connection



Batteries Ampere-hour Storage

• The amp-hour is a unit of battery energy capacity, equal to the
amount of continuous current multiplied by the discharge
time, that a battery can supply before exhausting its internal
store of chemical energy.



State of Charge (SOC)



Depth of Discharge

• The percentage of battery capacity that has been discharged 
expressed as a percentage of maximum capacity. A discharge to at 
least 80 % DOD is referred to as a deep discharge.

• Your battery’s “cyclic life,” or the number of charge/discharge
cycles in its useful life, depends on how much of the battery’s
capacity you normally use. If you regularly discharge the batteries
at a lower percentage amount, it will have more useful cycles than
if you frequently drain the battery to its maximum DoD. For
example, a battery may have 15,000 cycles at a DoD of 10 percent,
but only 3,000 cycles at 80 percent DoD.



DOD vs. # of Cycles



Temperature

• Batteries get sluggish at cold temperatures.

• Usable capacity drops radically below 40⁰F.

• Self Discharge happens rapidly above 120⁰F ˷ 50⁰C.
✓Temperature greater than 120⁰ F results in total discharge in 4 weeks.

✓At room temperatures loss is 6% and will discharge in 16 weeks.

✓Storage (Fully-Charged) between 35⁰ F - 40⁰ F

• Keep them at room temperature between 55⁰F and 100⁰F ˷ 15⁰C 
and 35⁰C



Battery Temperature Compensation

• Battery charging
temperature, which is referred to

voltages should be corrected based on battery
as temperature compensation, a

charging feature that helps ensure that a battery is neither undercharged 
nor overcharged regardless of battery temperature.

• The most widely used temperature compensation formula is:

-0.005 V per ºC per 2 V cell.

• In order to find your new temperature corrected charge voltage you need 
to know 4 things:

• 1. Nominal system voltage.

• 3. Temperature compensation value.

2. Charge Voltage at 25°C [77°F].

4. The temperature.



Battery Temperature Compensation



Battery Temperature Compensation

• Example 1: let’s use a 24V system, with a charge voltage of 
28.6V, a temperature compensation value of -5mV/°C/cell, and 
a battery temperature of 40°C.

From the system voltage, there are 12 battery cells (24V / 2V per 
cell).

-0.005V/°C/cell x 12 cells = -0.06V/°C. The temperature 
compensation value is from 25°C, so 40°C-25°C = 15°C x -

0.06V/°C = -0.9V + 28.6V = 27.7V. So the battery charge voltage at 
40°C would be 27.7V.



Battery Temperature Compensation

• Example 2: let’s use a 12V system, with a charge voltage of 
14.1V, a temperature compensation value of -3mV/°C/cell, and 
a battery temperature of 5°C.

From the system voltage, there are 6 battery cells (12V / 2V per 
cell).

-0.003V/°C/cell x 6 cells = -0.018V/°C. The temperature 
compensation value is from 25°C, so 5°C-25°C = -20°C x -

0.018V/°C = 0.36V + 14.1V = 14.46V. So the battery charge 
voltage at 5°C would be ~14.4V.



Battery Temperature Multiplier

While sizing the battery, 
the winter ambient 
temperature should be 
considered in order to 
take care of the battery 
capacity in winter 
season.



Charge Controller

• The control of battery charging is so important that most
manufacturers of high quality batteries (with warranties of
five years or longer) specify the requirements for voltage
regulation, low voltage disconnect and temperature
compensation.

• When these limits are not respected, it is common for
batteries to fail after less than one quarter of their normal life
expectancy, regardless of their quality or their cost.



Charge Controller

• A charge controller is an essential part of nearly all power systems that
charge batteries, whether the power source are solar panels, wind, hydro,
fuel, or the utility grid. Its purpose is to keep your deep cycle batteries
properly fed and safe for the long term. The basic functions of a controller
are quite simple:

1. Preventing Overcharge:
Preventing overcharge is simply a matter of reducing the flow of energy to
the battery when the battery reaches a specific voltage. When the voltage
drops due to lower sun intensity or an increase in electrical usage, the
controller again allows the maximum possible charge. This is called "voltage
regulating." It is the most essential function of all charge controllers. The
controller "looks at" the voltage, and regulates the battery charging in
response.



Charge Controller
2. Low Voltage Disconnect (LVD):

A low voltage disconnect circuit will disconnect loads (appliances, lights, etc.), when
over-discharge is approaching, a 12 volt battery drops below 11 volts and a 24 V
battery drops below 22 V. It will reconnect the loads only when the battery voltage has
substantially recovered due to some substantial charging. A typical LVD reset point is 13
volts for a 12 volt system and 26 V for a 24 V system.

3. Blocking Reverse Current:
Solar panels work by pumping current through your battery in one direction. At night, the
panels may pass a bit of current in the reverse direction, causing a slight discharge from
the battery.

4. Control Set Points vs. Temperature:

The ideal voltage set points for charge control vary with a battery's temperature. Some
controllers have a feature called "temperature compensation." When the controller
senses a low battery temperature, it will raise the set points. Otherwise when the
battery is hot, it will reduce the charge too soon. If your batteries are exposed to
temperature swings greater than about 30° F (17° C), compensation is essential.



Charge Controller

5. Electrical Overload Protection:
Overload can be caused by a fault (short circuit) in the wiring, or by a faulty
appliance. Some charge controllers have overload protection built in, usually
with a push-button reset.

6. Displays and Metering:
A display system can indicate the flow of power into and out of the system,
the approximate state of charge of your battery, and when various limits are
reached.

7. Control Set Points vs. Battery Type:
The ideal set points for charge controlling depend on the design of the
battery. Some controllers have a means to select the type of battery.



Charge Controller Types

1. Shunt Regulator:

Shunt regulators function 
by short circuiting the 
solar array when the 
battery reaches a set 
voltage.



Charge Controller Types

2. Series Regulator:

Series regulators function 
by open circuiting the 
solar array when the 
battery reaches a set 
voltage.



Charge Controller Types



Charge Controller Types



Charge Controller Types

3. Pulse Width Modulation
(PWM) Regulator:

PWM regulators are similar to
series regulators, but they use a
transistor instead of a relay to
open the array. By switching the
transistor at high frequency
with various modulated widths,
a constant voltage can be
maintained.



Charge Controller Types



Charge Controller Types

4. Maximum Power Point  
Tracking (MPPT) controller:

MPPT charge controller takes 
the PWM to the next level, by 
allowing the array voltage to 
vary from the battery voltage.

Imagine having a battery that is 
low, at 12 V. A MPPT takes a 
voltage of 17.6 volts at 7.4 
amps and converts it down, so 
that what the battery gets is 
now 10.8 amps at 12 volts.



Charge Controller Types



Fixed Voltage vs. MPPT

• With a regular fixed voltage or PWM charge controller, if your
batteries are low at say 12.4 volts, then your 100 watt solar
panel rated at 6 amps at 16.5 volts (6 amps times 16.5 volts =
100 watts) will only charge at 6 amps times 12.4 volts or just
75 watts. You just lost 25% of your capacity!

• The MPPT controller compensates for the lower battery
voltage by delivering closer to 8 amps into the 12.4 volt
battery maintaining the full power of the 100 watt solar
panel! 100 watts = 12.4 volts times 8 amps.



Inverter

• The Solar Inverter is an essential device in any solar power
system. Its basic function of the inverter is to change the
variable Direct Current output of the solar panels into
Alternating Current.

• The converted Alternating Current power is used for running
your appliances like the TV, Refrigerator, Microwave, etc.



Inverter

• Inverter takes low voltage 
high current DC power 
from a PV panel or 
battery and sends it
through a ‘chopping’ 
circuit which changes it to 
low voltage high current 
AC power at 60Hz. The 
power then goes through 
a series of large 
transformers which 
output 220V AC power at 
60Hz.



Different Types of Inverter

• 1. Off-Grid Inverters:

Off grid inverters are used in remote
systems where the solar inverter is fed DC
power from a battery panel. This battery
panel is charged by solar panels. The main
function of an off-grid inverter is
converting the output voltage of either the
battery bank or the solar array to AC
voltage.



Off-Grid Inverter

• There are three different types of stand-alone inverters
currently available on the market, with regards to the produced
type of voltage wave – sine-wave, quasi (modified) sine-wave
and square-wave ones.

• Square Wave; Very few but the very cheapest inverters any
more are square wave. A square wave inverter will run simple
things like tools with universal motors with no problem – but
not much else. These are seldom seen any more except in the
very cheap or very old ones.



Off-Grid Inverter
• Modified Sine Wave (quasi-sine); A modified sine wave inverter actually has a waveform more 

like a square wave, but with an extra step.

✓ Motors, such as refrigerator motor, pumps, fans etc. will use about 20% more power. This is because a
fair percentage of a modified sine wave is higher frequencies – that is, not 60 Hz – so the motors
cannot use it.

✓ Some fluorescent lights will not operate quite as bright, and some may buzz or make annoying
humming noises.

✓ Appliances with electronic timers and/or digital clocks will often not operate correctly. Because the
modified sine wave is noisier and rougher than a pure sine wave, clocks and timers may run faster or
not work at all.

✓ Items such as bread makers and light dimmers may not work at all – in many cases appliances that use
electronic temperature controls will not control.

✓ Most equipment will operate without any noticeable difference, and because the lower cost, makes
this the most common inverter sold and generally the only type found at your local retailer.



Off-Grid Inverter



Off-Grid Inverter
• Pure Sine Wave; A pure sine wave is what you get from your local utility grid.

✓ Major advantage of a pure sine wave inverter is that all of the equipment which is sold on the
market is designed for a pure sine wave. This guarantees that the equipment will work to its
full specifications.

✓ Some appliances, such as motors and microwave ovens will only produce full output with
pure sine wave power.

✓ A few appliances, such as bread makers, light dimmers, and some battery chargers require a
pure sine wave to work at all.

✓ Audio equipment, satellite systems, and video equipment, will run properly using pure sine
wave inverters.

✓ These are the most expensive of the inverter designs and outperform all other types of
inverters, regardless of use.



Off-Grid Inverter



Off-Grid Inverter

• Off-grid inverter specifications:

Rated input power – usually selected to be of 10% more than the PV 
array peak power

Rated output power – should be enough, so that the inverter should 
be able to handle all the loads that are to be working simultaneously.

DC input voltage accepted from the battery bank – the most typical  
voltages are 12V, 24V, and 48V.

Output voltage – usually 110 VAC or 220 VAC.

Output frequency – 50Hz in Europe, 60 Hz in the USA.

Surge capacity – enables the inverter to supply much more output
power than its rated value within a short period to provide high
starting current to motors (in refrigerators, water pumps, etc.).



Off-Grid Inverter



Different Types of Inverter

• 2. Grid Tie Inverter:

A grid-tie inverter has a different
function than the off-grid inverter.
It not only converts DC current
into an alternating current  

into ansuitable for injecting  
electrical power grid.

To inject electrical power
efficiently and safely into the grid,
grid-tie inverters must accurately
match the voltage sampling and
synchronization and phase of the
grid sine wave AC waveform.



Gird-Tie Inverter

• Most grid-tied inverters are based on Maximum Power Point
Tracking (MPPT) – a feature ‘squeezing’ maximum possible amount
of power from the PV array.

• One of the main features of a grid-tied inverter is that it stops
operating in case of a grid failure. Thus technicians doing any repair
works on utility network are prevented from getting an electric
shock.

• There are generally two types of inverters for grid-tied systems
without battery backup – string inverters and micro inverters.



Gird-Tie Inverter

• In small home PV systems the solar array is usually connected
to a single (central) inverter.

• Their main advantage is cost-effectiveness and simplicity to
install.

• String inverters, however, suffer from a notable drawback – if
one solar panel of the array gets shaded or otherwise degrades
in performance, the performance of the whole solar array
deteriorates, which in turn results in a reduced inverter’s DC
input power and hence – in a reduced inverter’s AC output
power.



Gird-Tie Inverter



Gird-Tie Inverter

• Micro inverters (also known as ‘module inverters’) have a
relatively low output power of less than 250 W.

• A micro inverter is a part of a PV module and operates as a
central inverter, but only for the solar panel it is connected to.

• Micro inverters are installed on each panel of the solar array,
thus both the installation cost and the overall system cost
tends to increase.

• Micro inverters, however, overcome the drawbacks of string
(central) inverters. If one solar panel gets shaded or otherwise
degrades by performance or even fails, this in no way can
affect the performance of the other panels of the solar array.



Gird-Tie Inverter



Gird-Tie Inverter

• Typically, a solar system based on micro inverters is reported to generate
16% more solar power compared to string(central) inverters.

• Furthermore, the inverter efficiency of a system with micro inverters can
reach 96.5% compared to the maximum 92% efficiency of a string (central)
inverter.

• It has also been proved that, when connected to a central (string) inverter,
shading of 9% of the solar array results in about 54% decrease in its power
output!

• Micro inverters are noted for their much longer durability than central
inverters due to the fact that they are not exposed to such a high power
and heat like central inverters. For this reason, micro inverters come with a
more extended warranty – 20-25 years – compared to the typical 10 years
guarantee of their string counterparts.



Gird-Tie Inverter

The advantages of micro inverters as opposed to central inverters:

• Safer, both to install and maintain, since avoiding wiring lots of
panels in series (when DC voltage can increase up to hundreds of
volts) eliminates the need of high voltage DC wiring.

• Allow mounting PV modules on different surfaces and facing
different directions.

• Much lower heat dissipation and hence, no need for active cooling
which, in turn, means that each inverter operates silently.

• Expanding your solar panel system is easier – you don’t have to
worry about buying and installing a second central inverter and
redesigning the whole system.



Gird-Tie Inverter

Micro parallel inverters are a relatively recent achievement that combines the
benefits of string inverters and micro inverters.

A micro parallel inverter is a smart device containing four individual channels that
can be connected to four separate solar panels. Each channel acts as a single
micro inverter and can track the performance of its solar panel by using MPPT.

Also, a micro parallel inverter acts as a string inverter for all the four solar panels,
with the exception that if one panel fails, the performance of the other channel
panels remains unaffected. Indeed, this is also valid if three of the four solar
panels fail.

Furthermore, one micro parallel inverter is easier to install than four micro
inverters, concerning both labor cost and wiring cost.



Gird-Tie Inverter
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Auxiliary Components

• Balance of Systems:

Balance of System components work to combine other electrical
products within the system, then combining and delivering a series of
power control and distribution options for any PV array.

Commonly, most items that make up Balance of Systems products
include: Combiner Boxes, DC/AC Disconnects, Circuit Breakers, Fuses,
Bus bars, Surge Devices, among other components that may vary
from system to system.



Auxiliary Components





Balance of System

• Combiner Box:

Combiner Box is critical for securely housing and protecting the
internal components. Most combiner boxes are rated to IP65 and

include breather drains making them suitable for tropical and sub-
tropical environments.

The primary function of the combiner box is to group together
incoming PV strings to achieve higher output currents. Depending on
the scale and topology of the PV installation, differing numbers of PV
input strings will be needed.



Balance of System



Balance of System

• DC/AC Disconnectors:

In electrical engineering, a disconnector is used to ensure that an electrical
circuit is completely de-energized for service or maintenance, and thery are
often found in electrical distribution and industrial applications.

A solar PV system typically has two safety disconnects. The first is the PV
disconnect (or Array DC Disconnect). The PV disconnect allows the DC current
between the modules (source) to be interrupted before reaching the
combiner box.

The second disconnect is the AC Disconnect. The AC Disconnect is used to
separate the inverter from the electrical grid or AC breaker panel.



Balance of System



Balance of System

• Fuses & Circuit Breakers:

A fuse and circuit breaker both of them protect an overloaded circuit
by disrupting the current continuity. The way they disrupt the current
flow is dissimilar.
A fuse is a simple piece of metal that melts down when overheated
because of excessive flow of current whereas a circuit breaker has
switching mechanism that is activated when unsafe current flows
through the circuit.
Fuses are faster to disrupt the current flow but they must be replaced
after a piece of metal melts down, whereas circuit breakers can be
reset and used multiple times.



Balance of System



Wiring Sizing

• Wiring System:

Solar cables and wires are seen as the arteries and veins of any
solar PV system. Mostly, the electricity generated by PV solar
panels is used at another place. Solar cables and wires are
required to transport this electricity.

Wire size selection based on two criteria:
✓Ampacity

✓Voltage drop



Wiring Sizing

• Ampacity: current carrying ability of a wire without degrading
The larger the wire, the greater its capacity to carry current 

Wire size given in terms of American Wire Gauge (AWG) 

The higher the gauge number, the smaller the wire

• Voltage drop: the loss of voltage due to a wire’s resistance and 
length

Function of wire gauge, length of wire, and current flow in the wire.



Wiring Sizing

• Must comply with National Electrical Code NEC

• Ampacity:
✓NEC Table 310.15(B)(16)

✓ Isc X 1.25 (over irradiance) X 1.25 (3 hours continuous use)

• Physical Size:
✓Will it fit in the breaker

✓Conduit fill consideration

• Temperature:
✓NEC Table 310.15(B)(2)(b)

✓Within acceptable operating temperatures of terminals to which it’s connected

• Voltage Drop:
✓ Long distance runs requires larger cable to reduce losing voltage.



Wiring Types

• Wire Types Used in PV
• USE-2:

✓UV (sunlight) resistant; used in wet or dry location.
✓Can not be used in conduit UNLESS also marked RHW-2 and/or XHHW-2.
✓ Typically used from modules to combiner box in grounded systems.

• PV Wire:
✓ Similar to USE-2, but with thicker insulation; available up to 2KV.
✓Required for ungrounded systems.

• THWN-2 or XHHW-2:
✓Used in wet or dry locations; Not sunlight resistant, must be in conduit.
✓ Typically used from combiner box to DC load center or disconnect.

• THW:
✓Dry location only.
✓ Typically used for battery cables.



Maximum Allowable Ampacity



American Wire Gauge (AWG)



Ambient Temperature Correction



Heat Adjustment



Auxiliary Components

• Example:

• Two sets of two parallel strings of three kyocera KD255 in series 
going into 2 charge controllers with 3500 24V inverter at 38°C 
outside ambient, 15 m from battery bank in a 22°C room.

• Determine wire sizes for PV source circuit (from string to 
combiner box)

• Determine wire size for PV output circuit (from combiner box to 
DC load center)

• Determine wire size for battery to inverter cable

• Determine wire size for inverter output (AC)





Auxiliary Components



Wiring Sizing

• PV Source Wire (Module to Combiner Box)
• Maximum Panel Current:

9.09A Isc X 1.25 (over-irradiance) = 11.36A

• Continuous Current:
11.36A X 1.25 (3 hour continuous) = 14.2A

• Using USE-2 Wire from PV module to combiner box
• Terminal Temperature Rate:

Breaker rater for 75°C
Must use 75°C rating, even though wire is rated for 90°C 
Breaker accepts 18-6AWG

• Temperature Compensation:
Ambient temperature of 38°C



Auxiliary Components



Wiring Sizing

• PV Output Wire (Combiner Box to DC Load Center)
• Combined Current:

9.09 X 1.56= 14.2A X 2 strings = 28.4A

• Using THWN-2 Wire from combiner box to DC Load Center in 
conduit
4 current carrying wires and ground

• Temperature Compensation:
Ambient temperature of 38°C

• Terminal Temperature Range:
Breaker rater for 75°C
Must use 75°C rating, even though wire is rated for 90°C 
Breaker accepts 18-6AWG



Voltage Drop

• Calculate Voltage Drop from 
Combiner Box to DC Load Center

8.39 Imp X 2 strings = 16.78A

30.4 Vmp X 3 in series = 91.2V

≤ 2% voltage drop recommended

• Use Voltage Drop Calculator: 
https://www.calculator.net/voltage-

drop-calculator.html

https://www.calculator.net/voltage-drop-calculator.html
https://www.calculator.net/voltage-drop-calculator.html


Wiring Sizing

• Battery to Inverter Cables

• Calculate the highest current possible: 

Inverter Wattage ÷ Battery Bank Lowest Voltage 

3500W ÷ 20V = 175A

• Using THW Wire for Dry Location

2 wires in conduit

• Temperature Compensation:

Cool equipment room temperature of 22°C



Voltage Drop

• Calculate Voltage Drop from 
Battery to Inverter

175A

24V system

≤ 2% voltage drop recommended

• Use Voltage Drop Calculator: 
https://www.calculator.net/voltage-

drop-calculator.html

https://www.calculator.net/voltage-drop-calculator.html
https://www.calculator.net/voltage-drop-calculator.html


Wiring Sizing

• Inverter Output Wires

• Calculate the Continuous current:
Inverter Wattage ÷ VAC 

3500W ÷ 120V = 29.2A

• Check NEC Tables

2 current carrying wires in conduit

• Temperature Compensation:

Cool equipment room temperature of 22°C



Wiring Sizing

• Summary

• PV Source Wires:

Minimum required USE-2 of 14 AWG

• PV Output Wires:

Minimum required THWN-2 of 6 AWG

• Battery to Inverter Cables:

Minimum required THW of 2/0 AWG

• Inverter Output Wires:

Minimum required wire of 10 AWG



Auxiliary Components

• Monitoring:

Monitoring Equipment components are usually connected to a
concurrent Inverter manufacturer, and they view and relay
system energy information analytics to an in-product console or
web connected device through their proprietary software.
Monitoring Equipment components may be integrated into an
Inverter, or in some instances – be connected to another
component of a photovoltaic array.



Monitoring System



Monitoring System



Auxiliary Components

• Grid Charger (Inverter/Charger):

Used in grid interactive solar PV 
systems with batteries. A grid charger 
can provide charging of the batteries 
taking AC power from the grid in case 
solar power is not sufficient to charge 
the battery or battery voltage is too 
low. This may happen during the 
continuous cloudy days.



Grid Charger (Inverter/Charger)



Auxiliary Components

• Racking & Mounting System:

Racking and Mounting components
work to ensure a PV array is connected
to either the ground or a roof.

Racking and Mounting is an essential
part of any solar energy system. Both
roof-top and ground mount arrays
need to be set atop a sound and
reliable structure to ensure the system
can maintain integrity and operate for
an extended period of time



Racking & Mounting System

• Fixed Ground Mounting:

Ground mounting is  
suited to sites

nicely  
where

available without
unobstructed sun exposure

needing
is  

to
place panels on a roof top.



Racking & Mounting System

• Fixed Roof Mounting:
Fixed roof mounting has all the
advantages of fixed ground
mounting but with reduced ease
of maintenance traded off against
immunity to tampering and/or
vandalism. One additional issue is
the possible need for roof
penetrations to accommodate
mounting hardware.



Racking & Mounting System

• Wall Mounting:

South facing building walls can
be taken advantage of as  
module mounting surfaces.
Modules arrays can be parallel
to the wall, tilted away from the
wall, or configured as an
overhanging canopy.



Racking & Mounting System

• Top of Pole Mounting:

Top of pole mounting is another
fixed array mounting method.  
Arrays remain stationary even  
through the arrangement looks
similar to a tracker. Top of pole
mounts often allow for seasonal
tilt adjustments which may help to
optimize harvests particularly
during winter conditions.



Racking & Mounting System

• Tracking Mounting:
Using a tracker can increase array
energy harvest 25% – 40% over fixed
mounting. Trackers can be ground or
roof mounted. When ground
mounted, the tracking hardware can
add 15% – 20% to the cost of a project
over fixed mounting hardware. Since
roof top installations require more
engineering and labor to complete,
the system cost differential between
tracked and fixed related to mounting
method alone will be smaller still.


