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PART 1

COMPONENTS OF

SOLAR PV SYSTEMS




Storage battery

; Grid inverter |
! (conversion of direct current to alternating current /DC to AC) H
j Charger controller
(Electronic device regulating currentand voltage from PV panel to battery) i
! Mounting hardware |
| |

Balance of system components

Configuration criteria

« Load requirements

* Resource availability

« Performance of the system
« Reliability of the system

» Cost of the system

.......

A PV (photovoltaic) system consists of several key components that work together to generate electricity from sunlight.
The main elements are PV panels and balance of system (BOS) components. PV panels are the primary energy
generators, converting sunlight into electrical energy. The BOS components complement the PV panels and ensure
that the system operates efficiently.

BOS components include essential elements such as storage batteries, grid inverters, charge controllers, mounting
hardware and cabling.

Storage batteries store excess energy generated during the day for use at night or during periods of high demand.

Grid inverters convert the direct current (DC) electricity produced by the PV panels into alternating current (AC) electricity
suitable for household or grid use.

Charge controllers manage the battery charging process, preventing overcharging or deep discharging that can damage
batteries. Mounting hardware includes the structural elements that hold the PV panels in place, such as racks or
frames, and ensure they are properly positioned for optimal exposure to sunlight.

Wiring connects all the components and facilitates the flow of electricity within the system.



h POSSIBLE PV SYSTEM CONFIGURATIONS i

1. Standalone 2. Grid connected 3. Hybrid
configuration configuration configuration
DC Load

Electronic
controller

Basic configuration

PV systems are designed to meet the load requirement in the best possible manner. In doing so, a system designer
determines the configuration of PV system, which components (PV panels, load, battery, controllers, diesel generator
etc.) to connect in a system and how? Depending upon the type of the load (AC or DC, light or heavy etc.), depending
upon the load requirement (critical/non-critical, reliability, cost, etc.) and depending on its geographical location (wind
resources, solar resources, proximity with grid, etc.), the configuration and design of the system will change.

A solar PV system configuration can be very simple, incorporating only two components (load and the PV panel), or it can
be very complex, containing several power sources, sophisticated controllers and multiple energy storage units to
meet stringent load requirements. Thus, the choice of the system configuration mainly depends on the following
parameters:

- Load requirements

- Resource availability

- Performance of the system

- Reliability of the system, and

- Cost of the system



h 1. STANDALONE PV SYSTEMS (DECENTRALIZED)

Some applications of DRE include:
* Remote homes and cabins DC-AC
o Agricultural and farming operations Converter (Rellezd)
* Water pumping
 Telecommunications
« Navigational aids
* Weather stations
« Environmental monitoring | PV
o Recreational vehicles and water boats | Panel controller
« Emergency and disaster relief small business| |
* Remote lighting Basic configuration
« Off grid resorts and lodges
o Military and defense
e Educational and research Storage
o Hiking and camping battery

Electronic

DC Load

PV systems are designed to meet the load requirement in the best possible manner. In doing so, a system designer
determines the configuration of PV system, which components (PV panels, load, battery, controllers, diesel generator
etc.) to connect in a system and how? Depending upon the type of the load (AC or DC, light or heavy etc.), depending
upon the load requirement (critical/non-critical, reliability, cost, etc.) and depending on its geographical location (wind
resources, solar resources, proximity with grid, etc.), the configuration and design of the system will change. A solar PV
system configuration can be very simple, incorporating only two components (load and the PV panel), or it can be very
complex, containing several power sources, sophisticated controllers and multiple energy storage units to meet
stringent load requirements. Thus, the choice of the system configuration mainly depends on the following

parameters:
- Load requirements
- Resource availability
- Performance of the system
- Reliability of the system, and
- Cost of the system



PV systems are designed to meet the load requirement in the best possible manner. In doing so, a system designer
determines the configuration of PV system, which components (PV panels, load, battery, controllers, diesel generator
etc.) to connect in a system and how? Depending upon the type of the load (AC or DC, light or heavy etc.), depending
upon the load requirement (critical/non-critical, reliability, cost, etc.) and depending on its geographical location (wind
resources, solar resources, proximity with grid, etc.), the configuration and design of the system will change. A solar PV
system configuration can be very simple, incorporating only two components (load and the PV panel), or it can be very
complex, containing several power sources, sophisticated controllers and multiple energy storage units to meet
stringent load requirements. Thus, the choice of the system configuration mainly depends on the following

parameters:
- Load requirements
- Resource availability

- Performance of the system
- Reliability of the system, and

- Cost of the system

o Industrial solar PV installations | -
* Solar canopies

o Utility scale solar projects

© Solar PV power plants with energy storage|

h 2. GRID-CONNECTED PV SYSTEMS

Applications

DC-AC
Converter

——— ACLload

* Residential rooftop solar PV system Grid

o Commercial solar PV systems

* Community solar gardens —
® Solar farms

* Floating solar PV systems 1

© Solar carports PV

 Solar PV microgrids | l Panel
« Solar PV mini-grids )
 Building integrated solar PV

Electronic

controller

DC Load

Basic configuration

Storage
battery




h 3. HYBRID PV SYSTEMS

Auxiliary power
supply (Diesel or
wind or biomass)

Applications R
* Residential power generation \

o Rural electrificati'on Grid DC-AC AC Load
e Island and off-grid systems Y Converter

« Commercial and industrial buildings A
« Agricultural applications

* Telecommunications

« Solar-powered street lighting

* Water pumping PV panel Electronic
« Mining operations (primary controller
o Hybrid electric vehicles source)
* Remote monitoring stations
* Emergency backup power Basic configuration |
* Tourism and leisure facilities

* Hybrid microgrids

* Mobile and portable power

DC Load

Storage battery

PV systems are designed to meet the load requirement in the best possible manner. In doing so, a system designer
determines the configuration of PV system, which components (PV panels, load, battery, controllers, diesel generator
etc.) to connect in a system and how? Depending upon the type of the load (AC or DC, light or heavy etc.), depending
upon the load requirement (critical/non-critical, reliability, cost, etc.) and depending on its geographical location (wind
resources, solar resources, proximity with grid, etc.), the configuration and design of the system will change. A solar PV
system configuration can be very simple, incorporating only two components (load and the PV panel), or it can be very
complex, containing several power sources, sophisticated controllers and multiple energy storage units to meet
stringent load requirements. Thus, the choice of the system configuration mainly depends on the following
parameters:

- Load requirements

- Resource availability

- Performance of the system

- Reliability of the system, and

- Cost of the system



.......

GROUND-
MOUNTED

Imagine a world where solar panels are seamlessly integrated into our environment, harnessing the sun's energy in
ingenious ways. They adorn rooftops, converting sunlight into electricity for homes and businesses, all while reducing
our carbon footprint. But the innovation doesn't stop there. Journey further, and you'll find pole-mounted solar arrays,
elegantly reaching towards the sun, efficiently generating power in open spaces. Explore ground-mounted
installations, spanning vast areas, a testament to our commitment to clean energy, collecting solar power on a larger
scale and contributing to our renewable energy goals. Urban architecture takes sustainability to the next level with
building-integrated PV systems, turning sun-kissed glass facades into energy generators, reducing our reliance on
traditional sources. Now, meet bifacial solar panels, capturing sunlight from above and reflected light from the ground,
maximizing energy output in an artful manner. As your exploration continues, prepare to be amazed by floating solar
PV, panels atop water surfaces, turning reservoirs, lakes, and the open sea into power-generating platforms, a promise
of sustainable energy from unexpected spaces. This diverse range of solar technologies, from rooftops to ground-
mounted, building-integrated to bifacial, even floating solar PV, illustrates our commitment to cleaner, greener energy.
Each innovation leads us towards a brighter, more sustainable future, where the sun's boundless energy becomes our
greatest ally in tackling climate change and powering our world.



RAILROAD TRACKS

AGRIVOLTAICS

PV Systems covering various land, road surfaces



h PV SYSTEM CONFIGURATION EXAMPLES, PT. 3

Situating PV panels on water can reduce the use of land and result in more efficient operation due to lower temperatures;
however, be higher. It -educing water evaporation.

CANAL TOP

FLOATING

PV Systems covering various water surfaces




h PV SYSTEM CONFIGURATION EXAMPLES, PT. 4

FLEXIBLE

While not as cost-
effective as standard
solar  panels, flexible
panels can be installed
in  more ‘creative’
configurations

Flexible



Integrated structures

h PV SYSTEM CONFIGURATION EXAMPLES, PT. 5

TRANSPARENT




PV SYSTEM CONFIGURATION EXAMPLES, PT. 6

BUILDING-INTEGRATED

Building-integrated  panels
can be installed in a variety
of configurations, reducing
the use of land and providing
other benefits such as
shading.

Source: htp:/smartiower com/commercal

Building integrated and architecture




h PV SYSTEM CONFIGURATION EXAMPLES, PT. 7 i

VEHICLE-INTEGRATED

Power generated onboard results
in extended range

Vehicle integrated .. And many more
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PV MOUNTING SYSTEMS




h PV MOUNTING STRUCTURE

Mounting structures < Tracking
r—M\

Single-axis tracking Dual-axis tracking

Wh ray:

endicular, the
length of the sha ero.

Finding the perfect alignment is challenging due to the sun’s movement.
Essentially, sunlight falling directly on panels results in the maximum energy output.

When sunlight falls vertically on an object, it casts no shadow, and the same principle applies to solar panels. Aligning a
photovoltaic (PV) panel precisely with the sun's rays ensures that it receives the maximum amount of solar radiation,
which translates into higher energy production. In the real world, however, achieving and maintaining perfect panel
alignment is a challenge, given the sun's changing position throughout the day.

This is where tracking systems come in. Tracking systems are mechanisms designed to adjust the orientation of PV panels
to ensure that they continuously face the sun. In doing so, they maximize the panel's exposure to sunlight, resulting in
improved energy production.



h TILT ANGLE

A panel produces the most energy when the sun’s rays are perpendicular (zero shadow).

Tilt Angle (B) Quick calculations:
* The tilt angle is crucial for optimal energy

; \; Latitude < 25°:
P vield. D Tilt angle = (latitude x 0.87)
+ Aligning the PV module so that the tilt \ Latitude 25° to 50°:

g s o
angle maximizes sun's energy capture | gﬁ:ﬂi‘sg‘z{/mﬁ x087)+31
enhances overall performance.

|

Tilt angle = 45°

Based on the selection of site, PV modules can be installed (rooftop, ground mounted, any other structure)

The tilt angle of a solar module is determined based on the geographic location's latitude.

It's optimized to capture the most sunlight throughout the year, with a typical tilt angle being equal to the latitude.
Adjusting the tilt angle can enhance energy production in certain seasons.

For example, in higher latitudes, steeper angles are used to capture more sunlight during the winter months.
In lower latitudes, shallower angles are employed to maximize energy during the summer.

Proper tilt angle ensures optimal energy generation, contributing to the efficiency and effectiveness of the solar system.



h MODULE MOUNTING STRUCTURES i

Fixed structures: Static panel orientation, and so Tracking dynamic adjustment: Follows the sun's path
limited optimization for energy production. C so and optimizes energy capture the day.

Ny

Tracking

\ =1
&S s
A o \\\\

There are two main types of module mounting structures: fixed and tracking. Fixed mounting structures maintain a static
panel orientation, which may not always optimize energy production. On the other hand, tracking mounting structures
dynamically adjust the angle and direction of the panel to follow the path of the sun. This adaptability allows the
panels to effectively capture sunlight from dawn to dusk.

The tracking structure includes both single and dual axis tracking mechanisms. These mechanisms further enhance a
module's productivity by precisely tilting and rotating the panel to align with the sun's position throughout the day.



h BENEFITS OF TRACKING SYSTEMS

Dual-axis tracking
results in the highest
power output; however
costs are also higher

Deciding factors

for choice of tracking
« Location and solar resources
« Size of project
« Financial considerations
« Available space
* Maintenance and reliability
« Environmental conditions
* Regulatory and permitting

requirements

Dual-axis tracking

Single-axis tracking

Power produced (KWp)

Fixed-tilt

06:00 12:00 18:00

Power generation/energy yield over one day for
fixed-tilt, single-axis tracking, & dual-axis tracking

Fixed Tilt: Fixed tilt solar panels are stationary and are positioned at a fixed angle relative to the ground. This angle is
usually set based on the geographical location's average solar angle. While simple and cost-effective to install, fixed tilt
panels are less efficient during parts of the day when the sun is at an angle different from the panel's fixed position.

Single-Axis Trackers: Single-axis trackers allow solar panels to follow the sun's path from east to west throughout the day.
This movement enhances energy production by keeping the panels perpendicular to the sun's rays as it moves across
the sky. This tracking improves efficiency compared to fixed tilt systems, but they are more complex and expensive to
install. Fixed tilt panels are stationary and cost-effective,

Dual-Axis Trackers: Dual-axis trackers not only move panels from east to west but also adjust their tilt angle to follow the
sun's elevation throughout the day. This dynamic movement optimizes energy capture and increases efficiency even
further. Dual-axis trackers yield the highest energy output among the three options but come with a higher upfront
cost and greater maintenance requirements.
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SOLAR PV SYSTEM DESIGN




h TYPE OF GRIDS FOR DECENTRALIZED RENEWABLE

TABLE : TYPES OF GRIDS

Type PICO
Capacity 1-11 Wp

Scale Small home appliances
and devices such as
calculators, toys,
cameras, cell phones
and tablets

Market Remote communities

ENERGY APPLICATIONS

Solar Home Systems
10-250 Wp

Standalone systems for
residences

Isolated users/
institutions, remote
communities

Mini-Grids
<15Wp

Decentralized systems
for a localized group of
customers isolated from
the grid, involving one
or more small-scale
electricity generation
units (solar PV, fuel cells,
micro hydro, wind,
storage devices such as
flywheels and batteries)

Isolated users/
institutions, remote
Communities, rural
towns

Source:

National Grids
>15 MW

Interconnected network
that provides electricity
to multiple customers
over large distances

Regional and urban
areas|

RENEWABLES
ROADMAP
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RENEWABLES

h OVERVIEW OF SOLAR PV SYSTEM DESIGN EAT

(Approximate s;stem design §\

* Determine the connected load in Watts *W) and
Watt hours (Wh)

« Determine size and choice of electronic

components Approximate estimation

‘ PV system design

+ Determine battery size (number, capacity voltage,
Ampere hour (Ah) rating, etc.)

Complete overview

+ Determine PV module size (number, capacity,
rating, etc.)

« Determine size of wires in mm, fuse (A), junction
box (Volts & Amps), etc.




h QUESTION: ESTIMATING SOLAR PV SYSTEM DESIGN

QUESTION

A house has the following electrical appliance usage. Determine its power consumption demands and
design the system using this approximate estimation.

R fefrierator
18 60 75

Consumption (in Watts)

Hours of operation (h) 4 2 12

A
The system will be powered by 12 V., 110W, PV module. The
sunshine hours is 7. h. Required autonomy for backup is 3 day:

by 12 Vdc, 110 Wp PV module. The average peak
3, battery loss is 0.85. Depth of discharge s 0.
5 X1.3:

Assumptions:
The average peak sunshine hours is 3.4
Required autonomy for backup is 3 days
The overall system loss = 1.3
Battery loss= 0.85
Depth of discharge = 0.6
Nominal voltage of battery =12V
Calculating solar charge controller rating, Short circuit current X 1.3



h ANSWER: ESTIMATING SOLAR PV SYSTEM DESIGN

Total appliance energy use:
(18W x4 h) + (60W x 2 h) + (75 W x 24 0.5 h)
=1,092Wh/day
> Total energy need from PV panels:
1,092 x 1.3 = 1,419.6 Wh/day
1.Sizeof PV Panel:
+ Total W, of PV capacity needed = 1,419.6 / %4 = 4139 Wp

Actual requirement = 4 modules
= This system should be powered by at least four 110 Wp modules.

2.Inverter sizing:

+ Total wattage of all appliances = 18 + 60 + 75 = 153 W.

+ For safety, the inverter should allow for 25-30% more
wattage i.e., the inverter size should be >190W.

* Number of PV panels needed = 413.9 / 110 = 3.76 modules.

1003

3. Battery sizing:
+ Total appliance use = (18 W x 4 hours) + (60 W x 2 hours) +
(75 W x 12 hours); Nominal battery voltage = 12V
+ Days of autonomy = 3 days
* Battery capacity:
[(18W x4 h) + (60W x 2 h) + (75 W x 12 h)] x 3 days
08508 x12)
+ Total Ampere-hours required = 535.29 Ah
«. The battery should be rated 12V 600 Ah for 3 day-autonomys
4.Solar charge controller sizing:
+ PV module specification:
P = 110 W, V= 16.7 Vg = 6.6 A Voe = 207 AL = 7.5A

Solar charge controller rating = (4 strings x 7.5 A)x * % =39 A.

The solar charge controller should be rated 40 Aat 12V or
more.

The system will be powered by 12 V,, 110W, PV module. The system will be powered by 12 Vdc, 110 Wp PV module. The average peak sunshine hours is 7.4 h.
Required autonomy for backup is 3 days. Overall system loss is 1.3, battery loss is 0.85. Depth of discharge is 0.6. Nominal battery voltage is 12 V. Short circuit current is

Assumptions:

The average peak sunshine hours is 3.4
Required autonomy for backup is 3 days
The overall system loss = 1.3
Battery loss= 0.85
Depth of discharge = 0.6
Nominal voltage of battery =12V

Calculating solar charge controller rating, Short circuit current X 1.3




h 2.SOLAR PV SYSTEM DESIGN CRITERIA- COMPLETE
OVERVIEW

Operation & maintenance

Feasibility and site
selection

Permitting and approvals

Design & engineering
Electrical

AC Puw‘e/’

Procurement &

Testing & commissioning construction

Local governments start by assessing their energy needs and identifying suitable sites for solar installations. They ensure
compliance with regulations and secure funding. They choose the right technology, size the system and consider
energy storage. Grid connection, contractor selection, and system maintenance are critical steps. Public relations and
education foster community support. Sustainability and environmental impact are addressed, with ongoing
performance monitoring and reporting. Long-term planning focuses on scaling solar projects, and resilience plans

include solar for emergencies. Public-private partnerships help leverage resources and expertise for successful solar
initiatives.



h PV SYSTEM LOSSES & ENERGY YIELD

« Solar PV modules utilize solar radiation to generate electricity

« The total generated energy depends on various factors such as:
Temperature, soiling, shading, electrical components and system
limitations (module efficiency)

* Hence, the system features some losses i.e. energy losses.

Ratio of actual and theoretically possible energy outputs = Performance ratio (PR)

Performance Ratio |8

The performance ratio of a PV plant is a valuable metric that helps to fulfil financial, environmental, and accountability
responsibilities. It supports effective resource management, contributes to sustainability goals, and enhances the overall well-

. Ac!ua] reading of plaﬁt olutpuf inkWh pe} aér}um

Calculated nominal plant output in kWh per annum

being of the community they serve.

Ratio of actual and theoretically possible energy outputs — Performance ratio, PR.

With the PR,
the energy output of PV plant can be compared with that of other PV plant to monitor status.

How energy efficient and reliable PV plant
Area, A; Pre conversion efficiency Blpre; System efficiency Blsys; Relative module efficiency Brel; Nominal module efficiency

Bnpm; Annual global irradiance h in 1000 W/m2



h ECONOMICAL EVALUATION

Levelized Cost of Electricity (LCOE):

« Definition: Average cost of generating Calculation CAPEX + OPEX
— s

* Purpose. Compares solar power costs
with other sources of energy

electricity over the plant's lifetime Total energy yield

Simple Payback Period:
. A Calculation CAPEX
« Definitior: Time to recover initial S Y Simple payback period [ —
investment through savings or revenue. Yearly savings

* Purpose: Assess financial viability.

Factors influencing economic evaluation:
* Installation costs
« Operating & maintenance costs
+ Energy generation
« Energy prices
« Incentives & subsidies
« Discount rate

* Expected lifetime

Levelized Cost of Electricity (LCOE):

LCOE is a metric used to calculate the average cost of generating electricity from a solar PV plant over its lifetime, taking into
account all costs and revenue streams.

It represents the per-unit cost of electricity produced by the plant and helps in comparing the cost of solar power with other
sources.

LCOE considers both capital costs (installation, equipment, etc.) and operating costs (maintenance, repairs, etc.) over the plant's
expected lifetime.

The formula for LCOE involves dividing the total lifetime costs by the total lifetime electricity generation, giving the cost per unit of
electricity (e.g., S/kWh).

A lower LCOE indicates a more cost-effective solar PV plant.

Simple Payback Period:

The simple payback period is a straightforward method to assess how long it will take for the initial investment in the solar PV
plant to be recovered through energy savings or revenue generation.

It calculates the time it takes for the cumulative savings to equal the initial investment.

The formula for the simple payback period is: Payback Period = Initial Investment / Annual Savings.

A shorter payback period indicates a faster return on investment and a potentially more financially viable project.

A lower LCOE and a shorter payback period indicate a more economically viable solar PV plant.

The LCOE helps in comparing solar power costs to other energy sources, aiding decision-making.

The payback period helps in understanding how quickly the initial investment will be recouped.

Economic evaluations can also consider factors like inflation, future energy price trends, and potential future maintenance and
replacement costs.
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