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Preventive Solar O&M: The Key to Maximizing Plant
Performance

Introduction

A solar power plant is not a passive asset. Unlike a bond or a fixed deposit, it requires ongoing attention,
systematic maintenance and informed management to deliver the energy yield it was designed to generate.
The gap between a well-maintained and a poorly maintained solar installation can represent 15 to 25 percent
of annual energy generation — a loss that compounds annually and directly erodes financial returns.

Operations and Maintenance (O&M) is the discipline that bridges this gap. For industrial solar asset owners
— whether operating a 500 kW rooftop system or a multi-MW captive power plant — a preventive O&M
strategy is the difference between a solar investment that meets its financial projections and one that
consistently underperforms.

This article examines the most common causes of solar plant underperformance, the components of an
effective preventive maintenance program and the technologies that are raising the standard for solar asset
management.

Why Solar Plants
Underperform

Solar panel efficiency degrades predictably
at approximately 0.5 percent per annum
under normal operating conditions. This
gradual, expected degradation is already
factored into well-constructed financial
models. The more damaging — and largely
preventable — causes of underperformance
include:

Dust and Soiling

In India's industrial environments, dust
accumulation is a constant challenge. Studies
conducted at multiple sites across India's
industrial belt have documented soiling losses ranging from 5 percent in areas with regular rainfall to over 25
percent in arid or highly polluted environments without systematic cleaning. For a 1 MW plant in a high-dust
area, this translates to generation losses worth several lakhs of rupees per year.

Hotspots

A hotspot is a localized area of elevated temperature within a solar module caused by a mismatch in cell
performance. When one cell generates less current than its neighbors — due to physical damage, shading,
soiling or internal defects — it experiences reverse bias and dissipates power as heat rather than electricity.
Hotspots accelerate module degradation, can cause permanent damage to the encapsulant and backsheet, and
in severe cases present a fire risk.
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Loose Connections and Wiring Faults

DC wiring on solar installations operates under significant environmental stress — thermal cycling, UV
exposure and in some environments humidity and corrosive atmospheres. Connectors that are improperly
seated, have corroded contacts or have experienced physical disturbance develop resistance that reduces
energy output and can create arcing hazards. Regular inspection and thermographic testing of connection
points is a fundamental preventive maintenance requirement.

Inverter Issues

Inverters are the most mechanically complex component of a solar installation and the most common source
of system downtime. Capacitor degradation, cooling fan failure, firmware issues and IGBT faults are among
the failure modes that preventive maintenance programs must address. An inverter that is offline represents
100 percent generation loss for the strings it serves.

Vegetation and Physical Obstructions

Trees, vegetation growth and unauthorized physical obstructions that were not present at the time of shadow
analysis can introduce partial shading losses that were not factored into the original system design. Regular
visual site inspections identify these developing issues before they cause significant cumulative losses.

Preventive Maintenance Schedules

Effective preventive O&M is structured around scheduled inspection and intervention cycles rather than
reactive responses to failures. A well-designed program includes:

Monthly Activities
* Visual inspection of all panels for physical damage, bird droppings concentrations and soiling
assessment

» Inverter performance data review against expected generation benchmarks

» String-level monitoring data analysis for anomalies or underperforming strings
* Cleaning of inverter air filters and ventilation pathways

» Security perimeter check and vegetation management around the installation

Quarterly Activities
* Thermographic inspection of DC junction boxes and combiner boxes
* Torque check of mechanical fasteners on mounting structures
+ Earthing and bonding continuity verification
* Inverter firmware and monitoring system software updates
+ Battery backup system (if applicable) state of health testing

Annual Activities
+ Comprehensive thermal drone survey of the entire panel array
» I-V curve tracing of representative module samples to identify performance degradation
» Insulation resistance testing of all DC cables
* Complete AC electrical inspection including switchgear, protection relays and metering equipment
+ Structural inspection of mounting system for corrosion, settlement or deformation
» Comprehensive performance report against design yield and benchmarked performance ratio
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Cleaning Strategies for Industrial Solar Plants

Panel cleaning is the single highest-frequency O&M activity for most industrial solar installations in India.
Cleaning approach and frequency must be matched to the local soiling rate, water availability and system
€conomics.

Manual Wet Cleaning

Traditional manual cleaning using soft brushes, demineralized water and trained technicians remains the most
widely deployed method for industrial rooftop installations. The quality of the cleaning outcome depends
heavily on the training and discipline of the cleaning crew, the quality of the water used (hard water leaves
mineral deposits that can create new soiling patterns) and the cleaning tool selection to avoid micro-scratching
of module surfaces.

Robotic Cleaning Systems

For large-scale industrial and utility solar installations, robotic cleaning systems represent a significant
advancement in cleaning efficiency, water conservation and output optimization. These systems — which
traverse panel rows autonomously or semi-autonomously — offer:

» Consistent cleaning quality independent of human fatigue or technique variation

* Dry cleaning capability, eliminating water consumption in water-scarce environments

* Operation during early morning hours before peak generation periods, minimizing opportunity cost
+ Significant reduction in long-term cleaning labor costs for large installations

* Real-time soiling data collection in advanced systems, enabling cleaning schedule optimization

For installations above 500 kW in high-dust environments, the ROI case for robotic cleaning systems is
increasingly compelling. Cleaning frequency requirements, water availability, roof accessibility and labor cost
dynamics determine the tipping point in each specific context.

Performance Monitoring and Asset Lifecycle Management

Modern solar O&M extends beyond physical maintenance to encompass comprehensive performance
monitoring — the continuous collection, analysis and interpretation of operational data to identify
underperformance before it compounds into significant generation loss.

Key performance indicators that every industrial solar owner should monitor include:

* Performance Ratio (PR): The ratio of actual to theoretically possible energy output, normalized for
irradiation — the primary system-level health indicator

* Specific Yield: Energy generated per kWp of installed capacity, useful for comparison across
installations

* Availability Factor: The percentage of time the system was capable of generating (inverter uptime
minus planned and unplanned downtime)

« String-level generation data: Identification of strings deviating from expected performance
A well-designed monitoring platform provides automated alerts when performance deviates from expected
parameters, enabling rapid response and minimizing cumulative generation losses. Annual performance
benchmarking against the original energy yield assessment provides the accountability framework for O&M
providers.
Annual Maintenance Checklist

The following annual maintenance activities should be included in every C&I solar plant O&M contract:
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» Thermal drone inspection of complete panel array with defect classification report

* I-V curve tracing of sampled modules with comparison to nameplate specifications

* DC insulation resistance measurement for all string cables and main DC cables

* AC electrical testing including protection relay functional testing

» Earthing resistance measurement at all earthing points

» Inverter internal inspection, capacitor and cooling system assessment

* Mounting structure inspection for corrosion, loose fasteners and structural integrity

* Cleaning validation — post-cleaning soiling measurement to verify cleaning effectiveness
* Annual performance report with PR analysis and yield benchmarking

* Recommended action plan for the following year based on findings

Key Takeaways

*  Preventive O&M can recover 15 to 25 percent of generation losses relative to unmanaged solar
assets.

*  Dust accumulation is the most frequent and impactful O&M challenge for Indian industrial
solar plants.

e Thermal drone surveys are the most efficient method for systematic hotspot detection at scale.

* Robotic cleaning systems offer compelling ROI for large installations in high-dust, water-
scarce environments.

*  Performance monitoring with clear KPIs and automated alerts is the foundation of proactive
asset management.

Frequently Asked Questions

Q1: How often should industrial solar panels be cleaned in India?

Cleaning frequency depends on the local soiling rate, which varies significantly by geography and industrial
environment. As a general guideline, facilities in dusty or industrially polluted environments (common across much
of northern and western India) require cleaning every 2 to 4 weeks to maintain acceptable soiling loss levels.
Facilities in areas with regular monsoon rainfall may manage with less frequent cleaning during the rainy season.
A soiling rate study using a reference panel or irradiation data analysis provides the scientific basis for optimizing
cleaning frequency.

Q2: What is the Performance Ratio of a well-maintained industrial solar plant in India?

A well-maintained C&I solar plant in India should maintain a Performance Ratio (PR) of 75 to 82 percent,
accounting for temperature losses, system losses and soiling. PR below 70 percent consistently indicates significant
maintenance issues or design deficiencies requiring investigation. New installations typically start at PR levels of
78 to 82 percent; gradual module degradation reduces PR over time in a predictable pattern.

Q3: What does a comprehensive O&M contract for industrial solar include?
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A comprehensive O&M contract should include scheduled preventive maintenance visits (monthly, quarterly and
annual), 24/7 monitoring with documented response time commitments, corrective maintenance within defined
response windows for different fault severity levels, cleaning services at agreed frequency, an annual thermal
inspection, performance reporting against guaranteed generation levels, and spare parts inventory commitments
for critical components. Performance guarantees with clear financial remedies for underperformance are a marker
of a serious O&M provider.

Q4: How does robotic cleaning compare to manual cleaning for large solar installations?

Robotic cleaning systems deliver several advantages over manual methods for large installations: consistent
cleaning quality unaffected by human variability, the ability to operate in dry mode eliminating water costs and
consumption, operation during early morning hours that do not disrupt daytime generation, and lower long-term
labor costs. The primary limitation is higher upfront capital cost and the requirement for regular maintenance of
the robotic systems themselves. For installations above 1 MW in high-dust environments, a lifecycle cost
comparison typically favors robotic systems within 3 to 5 years of deployment.

QS: What is the difference between reactive and preventive O&M for solar plants?

Reactive O&M addresses faults after they occur — repairing an inverter after it fails or replacing a module after it
stops generating. Preventive O&M identifies and addresses potential issues before they cause failures or significant
generation loss — detecting early inverter stress indicators, addressing connection corrosion before it becomes a
fault, and removing hotspot-causing soiling before it damages modules. The financial difference is significant:
preventive O&M typically costs 30 to 50 percent more in annual contract value than reactive-only service, but
prevents generation losses and component failures that can cost multiples of the incremental maintenance
investment.

Conclusion

Solar assets require active stewardship to deliver their designed financial returns. The combination of
systematic preventive maintenance, technology-enabled inspections, optimized cleaning strategies and
rigorous performance monitoring creates the management framework necessary to protect and maximize
returns from long-duration solar investments.

For industrial solar asset owners, the question is not whether preventive O&M is worth the investment — the
evidence consistently demonstrates that it is. The question is whether the current O&M arrangement delivers
the standard of care that the asset deserves.



