Solar Panel Installation Guidelines

This guideline provides best practices for solar panel systems across Industrial and

commercial risks. It covers installation, operation, maintenance, and safety with respective

standard references, additional considerations, and risk mitigation tailored to diverse factory

environments.

1. Site Assessment and Preparation

Preliminary Assessment

Ensure that the solar panels comply with the IEC 61215 standard for photovoltaic (PV)
module performance testing. This standard verifies the reliability and durability of PV
modules under various environmental stresses, including temperature fluctuations,
humidity, mechanical load, and exposure to UV radiation. Adherence to this standard
guarantees that the panels can withstand long-term outdoor exposure while maintaining
performance and safety. Always request certification from the manufacturer to confirm

compliance.

Structures supporting solar panels must comply with ASCE 7-16, which provides
guidelines for minimum design loads to ensure structural safety. These include wind loads
(e.g., up to 120 Kmph or higher in hurricane-prone zones), seismic loads to resist

earthquake forces, and snow loads where relevant.

Design considerations should reflect the geographic and climatic conditions of the
installation site, such as wind exposure categories, terrain effects, and installation height.
Additionally, anchoring, bracing, and material selection must align with these

requirements to reduce the risk of structural failure during Catastrophic events.

When designing roofs or ground mounted setups for solar panel installations, ensure they
are structurally capable of supporting the weight of the panels and any associated
equipment and these structures must be designed to withstand wind loads in accordance
with the standards outlined in ASCE 7-16, accounting for factors such as wind speed,

exposure category, and geographical location.

For pre-engineered buildings (PEBs) or RCC (Reinforced Cement Concrete) roofs, conduct

a detailed structural analysis to confirm the load-bearing capacity and resistance to



dynamic forces, including uplift pressures from wind. Ground-mounted setups should be

securely anchored to prevent displacement or damage under wind loads.

¢ When installing solar panels in areas with significant mechanical activity, ensure they are
designed and mounted with appropriate vibration resilience to withstand potential
mechanical vibrations. Use vibration-dampening materials, secure mounting structures,
and conduct site-specific assessments to mitigate the impact of vibrations on panel
integrity and performance. Conduct a thorough site assessment to identify potential
sources of vibration, such as heavy machinery etc., and select installation components

rated for durability under such conditions.

e Solar panels should not be installed directly above or in close proximity to heat-
generating equipment, such as diesel generators, exhaust systems, or any machinery
that emits significant heat. Excessive heat can reduce the efficiency and lifespan of solar
panels and may pose a risk of damage to their components. Ensure that solar panels are
placed in areas with adequate ventilation and away from heat sources to maintain optimal

performance and safety.

e Fire and Explosion Risk Zones:

e Flammable Liquid Storage:
Solar panel installations must maintain a minimum clearance of 50 feet from
storage tanks containing flammable liquids such as diesel, petrol, and solvents.
This guideline aligns with the safety standards outlined in NFPA 30, ensuring

adequate separation to mitigate fire risks.

e Combustible Material and Reactive Chemical Storage:
A minimum clearance of 50 feet is required between solar panel installations and
storage areas containing combustible materials or reactive chemicals. This distance
reduces the potential for ignition or adverse chemical reactions in case of an
incident involving solar equipment.
All members recommended that IAP guidelines are up to the standard except

following points to be inducted in the IAP guidelines.

During installation phase where hot work is required, ensure that it would be done

only after the surrounding area is clear from any combustible items



Lightning and Surge Protection:

e Surge Protection Devices (SPDs):

Install Surge Protection Devices (SPDs) in accordance with IEC 62305 standards in
all lightning-prone areas. Ensure that SPDs are selected based on the specific risk
levels and characteristics of the installation. The devices should be placed at key
points in the electrical system, such as at the incoming supply, distribution boards,
and sensitive equipment. This will help to prevent damage from lightning-induced
overvoltage and surges. Ensure proper coordination between SPDs in different
locations to effectively protect the entire system.

e Separate Grounding for Lightning Arresters:
A dedicated ground rod system must be provided specifically for the lightning
protection system. The lightning arresters should be connected to this separate
grounding system to ensure that any lightning-induced energy is safely dissipated
into the ground. This ground rod should be placed as per the recommended spacing
and depth in accordance with IEC 62305 and local regulations, ensuring a low-
resistance path to ground.

2. Panel Mounting

RCC Roofs Installation:

e To minimize the risk of water leakage from the holes drilled for panel structure
mounting, use ballast mounts for securing panels, ensuring that no penetrations
are made through the roof membrane. This approach helps in preserving the
integrity of the roofing system. Additionally, ensure that the roof is designed with
proper drainage systems in place to prevent the accumulation of water around the
panels. This includes the incorporation of adequate slope and drainage outlets to
facilitate the efficient flow of rainwater, preventing pooling that could lead to

structural damage or reduced performance of the mounted panels.

Pre-Engineered Buildings (PEBs):

e Ensure that the trusses of Pre-Engineered Buildings (PEBs) are adequately
reinforced to withstand dynamic wind loads. If necessary, evaluate the structural
integrity of the trusses and enhance their design by adding additional bracing or
strengthening elements. This reinforcement should account for the specific wind

load criteria (of at least 120KPH) based on location, building height, and exposure



conditions, as per relevant building codes and standards. Special attention should

be given to connections and joints to prevent failure under high wind stress.



3. Electrical System Design
PV Cables:

Standard Compliance:
Use cables that meet UL 4703 standards for photovoltaic (PV) systems, specifically designed
for outdoor applications. These cables must be UV-resistant and flame retardant to withstand

harsh environmental conditions.

DC Wiring:

Only Tier 1 DC wiring should be used for connections between solar generators (panels) and
inverters. Ensure that these connections are robust to handle high-voltage direct current (DC)
safely. AC wiring is not recommended for these connections as it may not meet the

performance or safety requirements for PV systems.

Junction Boxes:

Standard Compliance:

Junction boxes must adhere to IEC 62790 standards to ensure their reliability and safety.

Moisture and Dust Protection:

Install junction boxes with an IP65 rating or higher to provide adequate protection against
dust and moisture, thus preventing potential damage to the wiring and electrical components.
Ensure all junction boxes are installed in locations where they are accessible for maintenance,

but also shielded from potential environmental damage.

Inverters:

Standard Compliance:
Inverters should meet the UL 1741 standard to ensure proper functionality, safety, and

efficiency when converting DC to AC power for grid connection.

Series String Configuration:

Ensure that the series strings of PV panels are properly configured to maintain the appropriate
voltage and power required for the inverter. The total output voltage from the solar array
must be within the inverter’s specified input range for safe and optimal operation.

Circuit Breakers



Standard Compliance:
Circuit breakers in photovoltaic (PV) systems must comply with IEC 60947-2 standards for
low-voltage applications and UL 489B or equivalent standards for DC systems, ensuring

safety, reliability, and proper operation.

Safety Recommmendations:

There should be extensive usage of circuit breakers for safety purpose so that fire may not
spread extensively in case of any short circuit. Circuit breakers should be rated for the
maximum voltage and current levels, including fault currents, and have adequate breaking
capacity to safely interrupt high DC voltages without arcing. Outdoor circuit breakers must
have at least an IP65 rating for protection against dust and moisture and should be installed
in weatherproof enclosures. To improve safety, use breakers with arc fault detection and
protection (AFDP) as per NEC 690.11, and ensure selective coordination to isolate faults while
keeping the system operational. Place them in accessible locations for regular maintenance
and testing to ensure consistent and reliable performance. Further, avoid overloading circuits

without proper fuses or breakers.

Wiring and Labeling:

Clear Labeling:

All electrical connections, including DC and AC wiring, must be clearly labeled to indicate the
respective sources and destinations (e.g., panel string, inverter input/output). This ensures
ease of maintenance, troubleshooting, and safety during operations or inspections.

Proper Routing:

Care should be taken to route cables in a way that minimizes the risk of physical damage,

especially in areas with foot traffic or exposure to sharp edges or high temperatures.

For solar panels installations being done on godowns/warehouses roof, warranted that no

electrical wiring or connections passes internally from godowns/warehouses.



4. Preventive Maintenance

Perform quarterly inspections for cracks, discoloration, and dirt accumulation. Infrared
thermal imaging cameras may be used to identify hotspots or underperforming cells,
which may indicate problems such as faulty connections or damaged cells. Clean the solar
panels with deionized or distilled water and non-abrasive tools and avoid harsh chemicals.
Perform the cleaning activity in early morning or late evening to prevent thermal stress.
In dusty or high-pollution environments, clean the panels every 1-3 months. Whereas, in
more urban or industrial settings with moderate pollution, clean the panels every 3-6
months.

Regularly check all electrical connections to ensure they are tight and secure. Loose
connections can lead to inefficiencies, overheating, or system failure. Inspect terminal
connections, grounding, and junction box wiring. Replace the aging or deteriorating cables
with UL 4703-rated wires, designed for solar power systems. Ensure all cables are of
adequate size and suitable insulation for outdoor use and exposure to the elements. This
helps prevent wear and tear, electrical faults, and system degradation.

Perform annual testing of the inverter to ensure its proper operation. Verify the system’s
output and functionality, checking for any error codes or faults. Ensure that all settings
and parameters are correctly configured according to manufacturer guidelines.

If the system includes energy storage, conduct yearly battery performance assessments.
Measure the battery charge and discharge cycles, voltage levels, and overall condition.
Replace batteries showing signs of deterioration or those that no longer hold a sufficient
charge to ensure optimal system performance.

Continuously monitor system performance using software tools and sensors. This can help
identify potential issues early and minimize downtime. Ensure the monitoring system is
calibrated to accurately measure electrical parameters such as voltage, current, and power
output.

Verify the grounding system is intact, properly connected, and meets safety standards. A
reliable ground connection is critical for protecting the system and preventing electrical
hazards.

Regularly monitor solar farm for vegetation (shrubs or weed growth) in order to prevent

bush fire



5. Safety Guidelines

Manual Disconnect Device

Install a disconnect device with a visible break, compliant with IEC and IEEE standards,
and NEPRA Grid Code requirements. The disconnect switch should:

o Be rated for voltage and fault current.

o Be accessible to DISCO and generator personnel, with instructions in English, Urdu,

and local language.

o Allow locking in the open position for safety.
Install circuit breakers (UL 489 B) at critical points including solar panels, inverters, main
supply and batteries (if installed).
Use arc fault circuit interrupters (UL 1699 B) to mitigate fire risks caused by DC arc faults.
Implement a rapid shutdown system to minimize voltage during emergencies. NEC 690.12

(rapid shutdown).

Fire Safety

DCP/CO:2 type fire extinguishers/trolleys be made available at the solar panel installation
area.

CO2 type fire extinguishers be provided at control room and inverter installation area.
Develop a fire and evacuation plan including shut-off points for fire services (marked on-
site) and fire suppression systems (e.g., hydrants) near the panels.

Train personnel on emergency shutoff and fire response.

Emergency Modifications

Notify the insurance company 40 days in advance of material modifications affecting
system output or interconnection equipment.

In case of damage of panel, the replacement specification should be same as previously
installed. Avoid installing substandard replacement for replacing of all of the materials

including interconnections, connections, breakers and switches.

Must Do’s

Availability of operation manual of the system.
Maintain a layout of solar panel installations.
Ensure adequate space is available for maintenance and inspection.

Clearly designate inverter room locations and secure them against unauthorized access.



6. Standards Summary Table

Standard Title Relevance
Inverters, Converters, and _ ) o
UL 1741 ) ) Ensures safe grid and off-grid compatibility.
Interconnection Equipment
PV  Module Performance
IEC 61215 _ Reliability and durability testing for PV modules.
Testing
ASCE 7-16 Minimum Design Loads Wind and seismic load guidelines for structures.
Ensures cable durability for outdoor and high-
UL 4703 PV Wire Standards
temperature conditions.
Protects against moisture ingress and
IEC 62790 Junction Boxes
environmental damage.
NEC 250 Grounding and Bonding Ensures proper grounding for electrical safety.
Guidelines for safe installation in lightning-prone
IEC 62305 Lightning Protection
areas.
UL Battery Energy Storage||Safety protocols for battery systems in PV
9540/9540A |[Standards setups.
Rapid Shutdown||Defines  de-energization protocols during
NEC 690.12
Requirements emergencies.
Protects against overload and short circuits in PV
UL 489 B Circuit Breaker Standards
circuits.
Arc Fault Circuit
UL 1699 B Prevents fire risks caused by DC arc faults.
Interrupters
Protects PV systems from overvoltage and
IEC 61643 Surge Protective Devices
lightning surges.
Low Voltage Circuit Breaker||Protects electrical systems up to 1,000 - 1,500
IEC 60947-2
Standards V DC.
NEC 690.11 ||Arc Fault Circuit Protection ||Protects fire hazards from electrical arcs.




