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DH-PR( Photovoltaic System Operation and Maintenance

Module 1: Introduction

Learning Objectives
By the end of this section, you will be able to:

e Identify the core objectives of PV system operations and maintenance (O&M) and their impact
on return on investment (ROI).

e Evaluate the specific criteria required for personnel to be classified as a "qualified person”
under OSHA and NEC standards.

e Select appropriate training and certification pathways for technicians servicing high-voltage PV
installations.

Executive Summary: As the U.S. PV market matures, the industry focus has shifted from initial
manufacturing to long-term O&M to protect assets with 25-year expected lifespans. System uptime is
the primary metric for success, as inverter failures and power production deficiencies directly degrade
system ROI. Safe and reliable operation depends strictly on the use of "qualified personnel" who possess
the specialized technical skills and safety training required to navigate modern systems that now reach
1,000 Vdc.

The Shift to 0&M Fundamentals

For much of its history, the U.S. photovoltaic (PV) industry prioritized the development of module
technology, inverters, and manufacturing. However, the landscape has changed significantly as the
domestic market has matured. The United States now maintains over 7.4 gigawatts (GW) of installed
capacity across more than 300,000 systems.

Because PV installation lifetimes are projected to span 25 years or more, safe and proper maintenance
is an integral component of successful and reliable operation. While various industry and government
working groups continue to develop consensus O&M approaches, current guidelines provided by the
Solar America Board for Codes and Standards (Solar ABCs) offer practical maintenance and inspection
frameworks for grounded, grid-connected PV systems.

System Objectives and ROI
The primary O&M objective is maximizing system uptime and production to ensure a robust return on
investment (ROI).

¢ Inverter Availability: Inverters that are offline have a dramatic negative impact on the ROl of a
PV system.

e Service Speed: The speed at which an inverter can be placed back into service is often more
important than the frequency of the failure itself.

o Diagnostic Accuracy: Identifying and correcting power production deficiencies is essential to
maximizing the availability of system components.
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Design Tip: To minimize downtime, engineers should develop failure response procedures that
include stocking critical spare parts with long supply lead times.

Qualified Personnel

The Solar ABCs guidelines are intended for use by qualified individuals to ensure inspections and
maintenance are conducted safely. Personnel can be qualified for specific maintenance and service tasks
while remaining unqualified for others; qualification is highly task-dependent.

Definitions of a Qualified Person

The industry relies on two primary definitions to determine personnel eligibility:

e OSHA Definition: One who has received training and has demonstrated skills and knowledge in
the construction and operation of electrical equipment and installations and the hazards
involved.

e NEC Definition (Article 100): One who has skills and knowledge related to the construction and
operation of the electrical equipment and installations and has received safety training to
recognize and avoid the hazards involved.

Requirements for PV Service and Maintenance

To be considered a qualified person for PV-specific work, an individual must be trained in and familiar
with:

¢ Identification of Live Parts: Skills and techniques necessary to identify exposed live parts from
other parts of electrical equipment.

e Voltage Determination: The skills and techniques necessary to determine the nominal voltage
of exposed live parts.

e OSHA Clearance Distances: Familiarity with clearance distances specified by OSHA in CFR Part
1910.333(c) and the corresponding voltages of exposure.

e Code Compliance: Proficiency in the pertinent sections of the National Electrical Code (NEC).

e Hardware Characteristics: Understanding the characteristics of PV sources and hardware used
in PV systems generally, as well as the specific hardware in the system under service.

1. Safety Constraint: Many testing and maintenance activities require two people to be performed
safely and efficiently. Always ensure a two-person team is present when working on live equipment.
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Training and Certification

Qualification is earned through direct on-the-job training under qualified supervision or through training

programs offered by accredited educational institutions or manufacturers.

OSHA-10: It is strongly recommended that anyone working around energized PV systems
complete a minimum of the 10-hour OSHA-10 Construction Industry Training Program.

Professional Certification: Confirmation that a person is a certified energy practitioner who has
passed a certification exam is one indicator of qualification.

Local Jurisdictions: Local jurisdictions may specify necessary training, skills, certifications, or
licenses required to perform PV O&M work.

Checkpoint Quiz

According to the Solar ABCs report, which factor is often more important to ROl than how often
an inverter fails?

a)
b)
c)
d)

The brand of the inverter used.

How quickly the inverter can be placed back into service.
The color of the inverter housing.

The location of the manufacturer's headquarters.

Answer: (b). Minimizing downtime is critical because every hour an inverter is offline represents a direct

loss in energy production and financial return.

2.

Which of the following is a mandatory requirement for an individual to be considered a "qualified

person” for PV maintenance according to OSHA?

a)
b)
c)

d)

Possession of a Master of Business Administration.

Completion of a 40-hour hazardous waste course.

Demonstration of skills and knowledge in the construction and operation of electrical
equipment and the hazards involved.

Minimum of ten years of experience in solar manufacturing.

Answer: (c). Per OSHA's definition, a qualified person must have both the technical training and

demonstrated skills to work on specific electrical installations safely.

3.

What is the minimum recommended safety training for anyone working around energized PV
systems?

a)
b)

2-hour online seminar.
10-hour OSHA Construction Industry Training Program.
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c) 40-hour master electrician course.
d) 5-day manufacturer workshop.

Answer: (b). The Solar ABCs report strongly recommends the OSHA-10 Construction Industry Training
Program as a baseline for personnel working around energized systems.
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Module 2: Safety Requirements

Learning Objectives
By the end of this section, you will be able to:

¢ Apply proper Lockout/Tagout (LOTO) steps and labeling requirements for de-energizing PV
equipment.

e Select appropriate Personal Protective Equipment (PPE) based on task-specific hazards and
system voltage ratings.

e Execute safe electrical disconnect operations using the "left hand rule" and standardized safety
protocols.

Executive Summary: Safety in PV O&M begins with rigorous planning and adherence to established
policies to prevent accident or injury. Major requirements include strict Lockout/Tagout (LOTO)
procedures, the mandatory use of task-specific PPE—including arc flash protection for systems now
reaching 1,000 Vdc—and the application of specialized techniques for operating electrical disconnects.
Personnel must be trained to recognize hazards even in the absence of proper signage and must always
operate in a two-person team when equipment is energized.

Lockout/Tagout

Lockout/tagout (LOTO) procedures are designed to ensure safe working practices and must be strictly
followed whenever systems are de-energized prior to servicing. LOTO is governed by 29 CFR 1910.147
and is required when energized equipment is maintained, safety guards are bypassed, or hazardous
energy sources are present.

LOTO Execution Steps

To ensure a system is safe to work on, follow these sequential steps:
¢ Notify all affected personnel that the equipment will be shut down.
e Perform a controlled shutdown to power down the equipment.
e Open all energy isolating devices identified on the equipment’s specific LOTO procedure.
e Lock and tag all energy isolating devices using approved hardware.
e Dissipate or restrain any stored or residual energy.
e Verify de-energization by attempting to cycle the equipment.
e Verify de-energization by testing for voltage with a properly rated voltmeter.

1. Safety Constraint: The lock placed on equipment during servicing should be removed only by the
person who placed it.
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