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A Structured Roadmap Streamlines Implementation from Feasibility to O&M

Strategic Optimisation
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Community solar
subscribers will
receive a credit on
their bill based on
the amount of
energy produced by
their community
solar panels

Signing up for community
solar should provide tangible
economic benefits and
savings on your utility bill

Phase 1-2

Assessment & Investigation

Energy yield assessment,
site-specific solar resource data,
and detailed geotechnical
investigations.

Phase 3-4
Design & Procurement

Construction-ready engineering,
vendor qualification, and bulk
logistics planning for major
equipment.

STRATEGY: Parallel execution and standardization reduce implementation timelines by up to 20%.

Phase 5

Construction & Installation

Civil works execution, tracker
alignment, and strict installation
QA/QC with tolerance control.

Phase 6-7
Commissioning & O&M

System validation, tracker

calibration, and transition to
data-driven preventive
maintenance.




PHASE 1-2
Strategic Optimization Increases Energy Yield

What “strategic optimization” means

In energy systems, “strategic optimization” typically includes coordinated
changes in several areas:

e System design: Better sizing and configuration of components

(e.g., panel orientation, inverter sizing, storage capacity) to match | | Potential Yield Gains from Optimization
real load and resource profiles. 18

e Maintenance and performance engineering: Reducing downtime E
and performance losses through condition monitoring and 2

predictive maintenance.

e Forecasting and planning: Use of improved weather/load
forecasts and planning algorithms so the plant operates closer to
its theoretical optimum.

e Control strategies: Smarter dispatch and control of generation
and storage (e.g., when to charge/discharge batteries, curtail or
ramp output).

Rooftop Systems Ground-Mounted

Solar PV capacity exceeded 655 GW globally in
2025. Structured optimization strategies improve
annual energy yield by 5-15% for rooftops and
7-18% for ground-mounted systems compared to

+ Use of correct choice of Technology minimally managed installations.



PHASE 3-4
SYSTEM DESIGN

Optimal Orientation and Shading Control Maximize Solar Harvest

Orientation & Tilt

South-facing orientation with a tilt
near local latitude is critical for
Northern Hemisphere installations
to capture maximum irradiance
throughout the year.

Shading Analysis

Detailed shading analysis and
mitigation can recover 10-30% of
energy losses, making it a dominant
factor in both rooftop and
ground-mounted site design.

Vegetation Control

In ground-mounted sites,
maintaining grass height below
15-20 cm is essential to prevent
inter-row  shading and ensure
consistent system performance.

"Proper shading control recovers 10-30% energy in both system types, significantly
improving the overall Performance Ratio."
"Using the right tools and technology helps achieve better results
PVSYST, PVSketch, Helioscope, SAM, Sketchup, ETAP etc.....
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PHASE 5 Structural Engineering Excellence Ensures System Longevity

System Foundation Professional Analysis Load Combinations
The structural integrity of a solar PV . ) ) )
system is the foundation of its Using tools like STAAD.Pro is essential to Engineers must account for a complex set
25-year performance, preventing model .fiame glfomEtry q and select of loads, including Dead, Live, Wind,
mechanical failures and reducing appropriate mempoers based on rigorous Snow, and Seismic forces, to ensure
O&M costs. engineering standards. structural robustness.

\

Structural engineering excellence, supported by professional analysis and comprehensive load considerations, ensures long-term
reliability and enables solar PV systems to withstand extreme weather throughout their service life.

STAAD.Pro—based structural modeling enables precise load simulation, stress identification, and material optimization, ensuring
safe, robust, and efficient solar mounting system designs.

Seismic-resilient design incorporating lateral force resistance, ductility, and secure anchoring ensures solar installations can
withstand earthquakes and protect long-term investments.




PHASE 6

OO0
Real-Time Monitoring and PR Benchmarking
Ensure Operational Excellence
)
Advanced SCADA Systems
Implementation of SCADA with string-level monitoring
provides granular data for large-scale ground-mounted plants, .
enabling rapid fault detection.
Weather Station Integration
On-site sensors for irradiance, wind, and soiling allow for . |
precise performance tracking against real-time environmental . ; :
conditions.
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PHASE 7

Data-Driven Maintenance Strategies Mitigate Losses

SOP - SLA Driven Automated Methodologies

-  Preventive Maintenance schedules
-  Corrective Maintenance

Dedicated teams for Large installations

Preventive

Maintainance Corrective

Maintainance

Confirmation by
»| caliEmail with OninefTickeUEmail
Client ‘Submitted by
3




Additionally

Data-Driven Cleaning Strategies Mitigate

Significant Soiling Losses

System Type Annual Soiling Loss
Rooftop Systems 2% - 8%
Ground-Mounted Systems 4% - 12%

Robotic cleaning systems excel at scale for
ground-mounted installations. Dry-cleaning robots are
particularly effective in arid regions like Haryana,
reducing water usage by 80-90% and achieving a
payback period of 1-3 years.




Effective Thermal Management Prevents

Heat-Induced Efficiency Drops

Passive Cooling Strategies

High operating temperatures significantly reduce panel efficiency.
Rear ventilation clearance is a critical design factor for rooftop
installations to prevent heat buildup.

Ground-Mounted Advantage

Ground-mounted systems naturally benefit from better airflow,
which can reduce operating temperatures by 3—6°C compared to
rooftops.

3-6°C

Temperature Reduction in Ground-Mounted Systems

< Efficiency
Solar : €1
Radiation s

............ Shading and
cooling 4

Coating

\- S0

Cooling
arangement

", /ifaterials of PV, -
Cell @y

Dust R PV Panel
accumulation / .’

/7~ Module O\
X \Tcmporamn/ )‘

Efficiency
E2

« Water Cooling
« Radiative
Cooling
= Nano Fluids
= Phase chnage
materials [:>
« Thermoelectric
Devices
« Liquid
Submerging

PV Panel




Robust Earthing Systems Protect Personnel and

Equipment

Safety & Performance

Earthing is a critical safety requirement. For rooftop systems, all
racking must be bonded using a continuous Equipment Grounding
Conductor (EGC).

Ground-Mount Grids

Ground-mounted plants require extensive buried earthing grids to
manage larger fault currents and ensure system stability.

Key Benefit: Proper earthing mitigates the risk of Potential

Induced Degradation (PID) and protects against lightning
damage.




Integrated Grounding Strategies for Rooftop Solar Safety

Structural Bonding

Use specialized grounding clips and lugs
to ensure electrical continuity across all
rails and modules, integrating them with
the building's main grounding system.

Lightning Protection

If the building has an existing lightning
protection system, the solar array must
be professionally integrated to prevent
side-flashing during a strike.

Inverter Features

Utilize the integrated grounding features
of microinverters and DC optimizers to
simplify installation while maintaining
high safety standards.

"Proper rooftop grounding accounts for the unique structural environment of a building, ensuring long-term safety
and compliance with local electrical codes."
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Structural Bonding

Integrated Grounding Strategies
for Rooftop Solar Safety

Lightning Protection |~

Microinverter with
Grounding Connection

“Proper rooftop grounding accounts for the unique structural environment of a building,
ensuring long-term safety and compliance with local electrical codes.”




Quality Assurance Mitigates Catastrophic Risks

Compromising on quality during the implementation phase leads to irreversible financial losses.

Low-grade modules and undersized cabling can cause and significant fire
hazards.
Compromise Area Typical Consequence Financial Impact
Skipped Soil Study Foundation failure & structural rework $0.5M — $2.0M Loss
Cheap Trackers 5-12% energy loss & mechanical breakdown $1M - $3M Loss per MW
Thin Galvanization Rapid structural corrosion (5-7 years) High Retrofit Costs
Minimal QA Staffing Early mechanical failures & high downtime Increased O&M Costs

BEST PRACTICE: Mandatory Geotechnical Investigation & Factory Acceptance Testing (FAT)



Advanced Coatings and Materials for Corrosive Environments and Geotechnical Investigations Inform

Robust Foundation Design

Harsh Environments Material Selection

Solar structures in coastal or industrial areas are subject to Selecting materials like marine-grade aluminum or stainless
accelerated  corrosion, requiring  high-micron  hot-dip steel for fasteners further enhances durability in corrosive
galvanization or advanced coatings. conditions.

Ceramic Coatings

Advanced anti-corrosive coatings, such as ceramic-based
treatments, provide superior protection and extend the
mechanical integrity of the structure.

Geotechnical Investigations Inform Robust Foundation Design Specially for ground Mount

"A site-specific foundation design, informed by geotechnical data, is the most

effective way to prevent long-term structural issues."

Foundation Types Soil Reports

A thorough geotechnical soil report is the starting point for any
ground-mounted project, dictating the choice of foundation
based on bearing capacity and pH levels.

Soil properties inform the selection of driven piles, screw piles,
or concrete ballast to ensure long-term stability under various
environmental conditions.



Seismic Design Principles for Earthquake-Prone Zones

Lateral Forces Secure Anchoring

Solar installations in seismic zones must be designed to Robust anchoring of all components and designing for potential
withstand lateral forces generated during an earthquake, soil liquefaction are essential for protecting the long-term
following standards like IS 1893. investment.

Ductility & Strength

Mounting structures and foundations must have sufficient Se'sm'c'res'l'?nt design is essent'al_ for protecting
ductility and strength to absorb seismic energy without the long-term investment and ensuring the safety of
catastrophic failure. the surrounding environment."

Seismic-resilient design incorporating lateral force resistance, ductility, and secure anchoring ensures solar

installations can withstand earthquakes and protect long-term investments.




~ Mono-PERC
PN sy TECHNOLOGY FOCUS
s High-Efficiency Technologies and Bifacial Gains

Drive Performance

s S A A % W . Mono-PERC and bifacial panels are the recommended
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standards for modern solar installations. Bifacial technology
captures light from both sides, significantly boosting energy
density.

Technology Key Advantage Typical Gain

Mono-PERC High Cell Efficiency Baseline

Bifacial Panels Rear-side Exposure +10% to 30%

DC
Optimizers/String Shading Mitigation +5% to 15%
Monitoring
Note: Albedo optimization (using gravel or white stones) is essential to
maximize bifacial gains in ground-mounted systems.




Advanced Earthing Grids for Large-Scale

Ground-Mounted Plants

IEEE 80 Standards

Design must be based on soil resistivity testing to ensure fault
currents are safely dissipated into the ground, protecting equipment
and personnel.

Earth Pit Configuration

Multiple chemical or conventional earth pits should be connected in
parallel to achieve a consistently low earth resistance.

Corrosion Prevention
Using bimetallic connectors is essential when joining copper ground

wires to aluminum racking to prevent galvanic corrosion over time.

IEEE 80-based earthing design with parallel earth pits and
corrosion-resistant connections ensures safe fault current dissipation and

consistently low earth resistance for personnel and equipment
protection.




I Solar Investments Deliver Strong ROl and Rapid Payback Periods

Solar projects offer compelling financial returns, with utility-scale systems generally providing higher absolute
returns due to scale and optimized energy yield.

System Type Typical IRR

Payback Period

Rooftop (C&I, 500kW—1MW) 10% — 16% 4 -7 Years

Ground-Mounted (>5MW) 12% - 20% 5 — 8 Years

Strategic Insight: ROl is closely linked to net-metering policy stability for rooftops and long-term Power Purchase Agreements

(PPAs) for ground-mounted systems. A 1-2% improvement in annual PR typically delivers greater lifetime value than a similar
percentage CAPEX reduction.



Contribute To Climate Change

Urban Decarbonization

Rooftop solar utilizes existing built surfaces, minimizing incremental
land impact and making it ideal for urban peak-load reduction.

Environmental and Health Benefits of Achieving SunShot
Absolute Carbon Offsets

Quantifying the externalities of fossil fuels would reduce solar costs by 3.5 cents per kilowatt hour.

REDUCE WATER SCARCITY CURB POLLUTION

Water consumption will drop in 36

Ground-mounted projects enable significantly larger absolute
carbon offsets per project, supporting large-scale sustainability

By decreasing air pollution, solar can

states, enough to hydrate 1.3 million prevent $167 billion in health and

goals.

Carbon Credit Generation

Verifiable emission reductions converted into carbon credits,
providing financial incentives for green energy adoption.

Pathway to Net-Zero

Critical step for meeting net-zero goals by reducing Scope 2
emissions and offsetting unavoidable impacts.

®  Solar PV Systems Provide Substantial Environmental and
Carbon Benefits

households

MITIGATE
CLIMATE CHANGE

Reducing our carbon footprint

could save $259 billion in global
climate change damages
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Summary Key Recommendations
for Sustained Solar Productivity

Design & Technology

Prioritize thorough shading
analysis and high-efficiency
Mono-PERC  or  Bifacial
panels to maximize initial
yield.

Real-Time Monitoring

Utilize SCADA systems and
track Performance Ratio
(PR). Investigate any
deviations >5% immediately.

Structured Maintenance

Commit to an annual O&M
budget of $150-300/kW.
Implement data-driven
cleaning schedules to
mitigate soiling.

Quality Assurance

Avoid cost-cutting on critical
components like inverters
and mounting structures to
prevent long-term liabilities.

Circular Economy & Lifecycle

Ensure 25+ years of performance by planning for end-of-life
recycling and choosing components with lower embodied
carbon to minimize environmental footprint.




Agrivoltaics: Harmonizing Solar Energy with

Agriculture

Dual-Use Strategy

Agrivoltaics represents a dual-use land strategy where solar energy
production is co-located with agricultural activities, maximizing land
productivity.

Managed Grazing

Using the land for managed sheep grazing serves as a natural
vegetation control method while providing additional revenue
streams for farmers.

Crop Co-Location

Growing shade-tolerant crops under panels can improve water
efficiency by reducing soil evaporation and providing a controlled
microclimate.

Agrivoltaics combines solar power with agriculture to maximize land use while

improving farm income, water efficiency, and overall land productivity.




Biodiversity Management Supports Local Ecosystems

Pollinator Habitats

Planting  native  grasses and  wildflowers  creates
pollinator-friendly environments that benefit surrounding
agricultural lands and support local biodiversity.

Soil Health Protection

Avoiding harsh herbicides and implementing integrated pest
management strategies protects soil health and local water
quality over the project life.

Ecosystem Resilience

Biodiversity-rich solar sites are more resilient to environmental
changes and contribute positively to regional conservation
efforts.

"Solar farms can serve as protected habitats for local
flora and fauna when managed with biodiversity in
mind."

Biodiversity-focused solar management supports pollinators, protects soil health, strengthens ecosystem resilience, and enables

solar farms to function as protected habitats that support long-term environmental sustainability.




Topics for Future Discussions

e Earthing techniques - Roof Top and Ground Mount
® O&M best in class techniques and performance of SPV
e C(Climate impact
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