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Professional Certificate in Photovoltaic Installation Techniques

Introduction to Photovoltaic Technology

Photovoltaic (PV) Technology is a rapidly advancing field that is revolutionizing the way we produce
electricity. Understanding the key terms and vocabulary associated with PV technology is essential for
anyone looking to work in the photovoltaic industry. This guide will provide a comprehensive explanation of
the most important terms and concepts in the field of PV technology.

1. Photovoltaic (PV) Cell:

A PV cell is the basic unit of a photovoltaic system that converts sunlight into electricity. These cells are
typically made of silicon and generate electricity through the photovoltaic effect. When sunlight hits the PV
cell, electrons are knocked loose from their atoms, creating an electric current.

2. Module:

A module, also known as a solar panel, is a collection of PV cells connected together. Modules are the
building blocks of a PV system and come in various sizes and configurations. They are typically installed on
rooftops or in large solar farms to generate electricity.

3. Array:

An array is a collection of PV modules connected together to form a larger unit. Arrays can range in size
from small residential installations to large utility-scale projects. The size of an array is determined by the
energy needs of the system it is powering.

4. Inverter:

An inverter is a crucial component of a PV system that converts the direct current (DC) electricity generated
by the PV cells into alternating current (AC) electricity that can be used to power electrical devices. Inverters
come in different sizes and types, including string inverters, microinverters, and power optimizers.

5. Maximum Power Point Tracking (MPPT):

MPPT is a technology used in inverters to maximize the power output of a PV system. By continuously
adjusting the operating voltage and current of the system, MPPT ensures that the PV cells are always
operating at their maximum efficiency, regardless of changing sunlight conditions.

6. Efficiency:

Efficiency is a measure of how well a PV system converts sunlight into electricity. PV cells and modules are
rated by their efficiency, which is expressed as a percentage. Higher efficiency means that more sunlight is
converted into electricity, leading to greater energy production.

7. Watt (W):

A watt is the standard unit of power used to measure the output of a PV system. It represents the rate at
which electricity is generated or consumed. For example, a 100-watt PV module can generate 100 watts of
electricity under ideal conditions.
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8. Kilowatt (kW) and Megawatt (MW):

A kilowatt is equal to 1,000 watts, while a megawatt is equal to 1,000 kilowatts. These units are commonly
used to measure the capacity of PV systems. Residential systems are typically in the range of a few kilowatts,
while utility-scale systems can be several megawatts in size.

9. Off-Grid System:

An off-grid PV system is one that is not connected to the electricity grid and operates independently. These
systems are commonly used in remote locations where access to the grid is limited. Off-grid systems
require batteries to store excess electricity for use when sunlight is not available.

10. Grid-Tied System:

A grid-tied PV system is connected to the electricity grid and can feed excess electricity back into the grid.
These systems are the most common type of PV installation and allow homeowners and businesses to
offset their electricity costs by selling excess power to the utility company.

11. Net Metering:

Net metering is a billing arrangement used with grid-tied PV systems that allows customers to receive credit
for the electricity they generate and feed back into the grid. The utility company measures the difference
between the electricity consumed and generated, and customers are billed or credited accordingly.

12. Balance of System (BOS):

The balance of system refers to all the components of a PV system other than the PV modules themselves.
This includes inverters, mounting hardware, wiring, and monitoring equipment. The BOS components are
essential for the proper operation and maintenance of a PV system.

13. Tilt Angle:

The tilt angle of a PV module refers to the angle at which it is mounted relative to the horizontal plane. The
tilt angle is an important factor in maximizing the energy production of a PV system, as it affects the
amount of sunlight the modules receive throughout the day and year.

14. Azimuth Angle:

The azimuth angle of a PV module refers to the compass direction it is facing. The optimal azimuth angle
depends on the location of the PV system and the time of year. By orienting modules towards the south in
the Northern Hemisphere (north in the Southern Hemisphere), the system can capture more sunlight.

15. Insolation:

Insolation is a measure of the amount of solar radiation received at a specific location over a given period of
time. It is typically expressed in kilowatt-hours per square meter per day (kWh/m2/day) and is used to
estimate the energy production potential of a PV system.

16. Solar Irradiance:

Solar irradiance is the power per unit area received from the sun in the form of electromagnetic radiation. It
is an important parameter for determining the energy output of a PV system. Solar irradiance is typically
measured in watts per square meter (W/m2).
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17. Solar Spectrum:

The solar spectrum refers to the distribution of sunlight across different wavelengths. Sunlight contains a
range of wavelengths, from ultraviolet to infrared, with visible light making up the majority of the spectrum.
PV cells are designed to capture specific wavelengths of light to maximize energy production.

18. Temperature Coefficient:

The temperature coefficient of a PV module is a measure of how its power output changes with
temperature. PV modules are less efficient at high temperatures, so the temperature coefficient is used to
estimate the decrease in power output as the temperature rises.

19. Degradation:

Degradation refers to the gradual loss of efficiency and performance of a PV system over time. Factors such
as exposure to sunlight, temperature fluctuations, and environmental conditions can cause degradation in
PV modules. Manufacturers typically provide degradation rates to estimate the long-term performance of
their products.

20. Bypass Diode:

A bypass diode is a component used in PV modules to prevent the loss of power caused by shading or cell
malfunction. Bypass diodes allow the current to bypass the shaded or faulty cells, ensuring that the rest of
the module continues to generate electricity.

21. String:

A string is a series of PV modules connected together in a chain. Strings are typically connected to a single
inverter in a PV system. The number of modules in a string depends on the voltage and current
requirements of the inverter.

22. Microinverter:

A microinverter is a small inverter that is attached to each PV module in a system. Unlike traditional string
inverters, microinverters operate independently, allowing each module to operate at its maximum efficiency.
Microinverters are often used in residential installations to optimize energy production.

23. Power Optimizer:

A power optimizer is a device that is installed on each PV module to maximize energy production. Power
optimizers perform functions such as voltage regulation and module-level monitoring. They work in
conjunction with a central inverter to optimize the performance of the entire PV system.

24. Solar Tracking:

Solar tracking is a technology that adjusts the position of PV modules to follow the path of the sun across
the sky. By tracking the sun, modules can capture more sunlight throughout the day, increasing energy
production. There are two main types of solar tracking systems: single-axis and dual-axis.

25. Single-Axis Tracking:

Single-axis tracking systems adjust the tilt angle of PV modules to track the movement of the sun from east
to west. This allows modules to capture more sunlight during the day and increase energy production
compared to fixed-tilt systems.
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26. Dual-Axis Tracking:

Dual-axis tracking systems adjust both the tilt angle and azimuth angle of PV modules to track the sun's
movement in all directions. This type of tracking system maximizes energy production by ensuring that
modules are always facing the sun directly.

27. Ground-Mounted System:

A ground-mounted PV system is installed on the ground rather than on a rooftop. Ground-mounted
systems are commonly used for utility-scale installations and allow for larger arrays and easier maintenance
access. These systems can be fixed-tilt or tracking systems.

28. Rooftop System:

A rooftop PV system is installed on the roof of a building or structure. Rooftop systems are popular for
residential and commercial installations and make use of available roof space to generate electricity. These
systems can be fixed-tilt or tracking systems, depending on the location and orientation of the roof.

29. Interconnection:

Interconnection refers to the physical connection of a PV system to the electricity grid. Before a PV system
can be connected to the grid, it must meet certain technical and safety requirements set by the utility
company. Interconnection allows PV system owners to sell excess electricity back to the grid and receive
credit for it.

30. Permitting:

Permitting is the process of obtaining approval from local authorities to install a PV system. Permitting
requirements vary by location and may include building permits, electrical permits, and structural permits.
Proper permitting ensures that PV systems are installed safely and in compliance with local codes and
regulations.

31. Monitoring:

Monitoring refers to the continuous tracking and analysis of the performance of a PV system. Monitoring
systems collect data on energy production, system efficiency, and maintenance needs. By monitoring a PV
system, owners can identify issues early and optimize performance for maximum energy production.

32. Maintenance:

Maintenance is the regular upkeep and inspection of a PV system to ensure optimal performance and
longevity. Maintenance tasks may include cleaning the modules, checking for shading, inspecting wiring
and connections, and monitoring system performance. Proper maintenance is essential for maximizing the
lifespan of a PV system.

33. Energy Storage:

Energy storage refers to the ability to store excess electricity generated by a PV system for later use. Energy
storage systems, such as batteries, allow PV system owners to store energy when sunlight is abundant and
use it when needed, such as during nighttime or cloudy days. Energy storage can increase the self-
consumption of solar energy and reduce reliance on the grid.

34. Hybrid System:
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A hybrid PV system combines solar power with other sources of energy, such as wind, hydro, or diesel
generators. These systems are designed to provide a reliable and continuous power supply by integrating
multiple energy sources. Hybrid systems are commonly used in off-grid or remote locations where access to
the grid is limited.

35. Smart Grid:

A smart grid is an advanced electricity distribution system that integrates PV systems, energy storage, and
other renewable energy sources. Smart grids use digital technology to optimize energy production, storage,
and consumption, leading to a more efficient and sustainable energy infrastructure. PV systems play a
crucial role in smart grid development by providing clean and renewable energy.

36. Renewable Energy Credits (RECs):

Renewable energy credits are tradable certificates that represent the environmental benefits of generating
electricity from renewable sources, such as solar power. PV system owners can earn RECs for the clean
energy produced by their systems and sell them to utilities, businesses, or individuals looking to offset their
carbon footprint.

37. Feed-In Tariff (FIT):

A feed-in tariff is a policy mechanism that provides financial incentives to PV system owners for generating
renewable energy. Under a FIT program, PV system owners are paid a fixed rate for the electricity they feed
back into the grid. FITs help promote the adoption of solar power and incentivize investment in renewable
energy projects.

38. Power Purchase Agreement (PPA):

A power purchase agreement is a contract between a PV system owner and a utility company or off-taker to
buy the electricity generated by the system at a predetermined rate. PPAs are common in commercial and
utility-scale PV installations and provide a stable revenue stream for project developers.

39. Levelized Cost of Electricity (LCOE):

The levelized cost of electricity is a metric used to compare the cost of generating electricity from different
sources over the lifetime of a project. LCOE takes into account the initial investment, operating costs, and
expected energy production of a PV system to calculate the cost per unit of electricity. Lower LCOE values
indicate more cost-effective energy generation.

40. Soft Costs:

Soft costs refer to the non-hardware expenses associated with installing a PV system. These costs include
permitting, interconnection, financing, marketing, and labor costs. Soft costs can account for a significant
portion of the total cost of a PV installation and are a focus of efforts to reduce the overall cost of solar
energy.

41. Hard Costs:

Hard costs refer to the direct expenses of purchasing and installing PV hardware, such as modules, inverters,
mounting hardware, and wiring. Hard costs are typically the largest component of the total cost of a PV
system and are influenced by factors such as economies of scale, technology advancements, and supply
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chain efficiency.

42. Photovoltaic (PV) Efficiency:

PV efficiency is a measure of how effectively a PV system converts sunlight into electricity. PV efficiency is
influenced by factors such as the quality of the PV cells, module design, temperature, shading, and
orientation. Higher efficiency PV systems produce more electricity per unit of sunlight and are more cost-
effective over the long term.

43. Photovoltaic (PV) System Design:

PV system design involves selecting the appropriate components, sizing the system, and determining the
layout and configuration of the PV array. System design factors include the energy needs of the site,
available roof or ground space, shading analysis, and interconnection requirements. A well-designed PV
system maximizes energy production and ensures long-term performance.

44. Photovoltaic (PV) System Installation:

PV system installation is the process of assembling and mounting the PV modules, inverters, wiring, and
other components to create a functional PV system. Installation requires skilled labor, knowledge of
electrical and structural codes, and adherence to safety guidelines. Proper installation is critical for the
reliable and efficient operation of a PV system.

45. Photovoltaic (PV) System Commissioning:

PV system commissioning is the final step in the installation process, where the system is tested, inspected,
and brought online for operation. Commissioning ensures that the PV system meets performance
standards, is safe to operate, and is in compliance with local regulations. A well-commissioned PV system
will deliver reliable and efficient energy production for years to come.

46. Photovoltaic (PV) System Maintenance:

PV system maintenance involves regular inspections, cleaning, and upkeep to ensure the continued
performance and longevity of the system. Maintenance tasks include monitoring energy production,
checking for shading or damage, inspecting electrical connections, and replacing worn components. Proper
maintenance extends the lifespan of a PV system and maximizes its energy output.

47. Photovoltaic (PV) System Monitoring:

PV system monitoring involves tracking the performance of the system in real-time to identify issues,
optimize energy production, and ensure proper operation. Monitoring systems collect data on energy
production, system efficiency, and maintenance needs, allowing system owners to make informed decisions
about system performance and maintenance.

48. Photovoltaic (PV) System Troubleshooting:

PV system troubleshooting is the process of diagnosing and resolving issues with the system to restore
optimal performance. Common troubleshooting tasks include identifying and repairing faulty connections,
replacing damaged components, and adjusting system settings. Effective troubleshooting ensures that a PV
system operates efficiently and reliably.

49. Photovoltaic (PV) System Integration:
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PV system integration involves incorporating PV technology into existing energy infrastructure to enhance
energy production and efficiency. Integration may include combining PV systems with energy storage,
smart grid technologies, electric vehicles, and other renewable energy sources. PV system integration plays
a key role in transitioning to a more sustainable and resilient energy system.

50. Photovoltaic (PV) System Economics:

PV system economics refers to the financial aspects of installing, operating, and maintaining a PV system.
Economic factors include the upfront cost of the system, ongoing operating expenses, energy savings,
incentives, tax credits, and return on investment. Understanding the economics of PV systems is essential
for making informed decisions about solar energy investments.

In conclusion, mastering the key terms and vocabulary of photovoltaic technology is essential for anyone
looking to work in the solar energy industry. Understanding the fundamental concepts of PV cells, modules,
inverters, efficiency, and system design is crucial for designing, installing, and maintaining PV systems. By
familiarizing yourself with these terms and concepts, you will be better equipped to navigate the rapidly
evolving field of photovoltaic technology and contribute to the transition to a clean and sustainable energy
future.
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