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Commercial & Industrial Rooftop Solar: Key Design
Considerations Before Installation

Meta Description: Before investing in rooftop solar, industrial facilities must evaluate energy consumption, roof structure, shadow
analysis and financial viability. A complete planning guide.

Introduction

Rooftop solar installations across India's commercial and industrial sector have grown at a remarkable pace,
driven by declining equipment costs, rising grid tariffs and strengthening policy frameworks. Yet for every
successful installation delivering strong financial returns, there are underperforming systems that fell short of
projected outputs — not because the technology failed, but because the planning process was inadequate.

For CFOs, plant heads, energy managers and procurement professionals, the pre-installation phase is arguably
the most critical stage of a solar project. Decisions made — or deferred — during planning directly determine
whether the installation delivers its financial promise or becomes a source of ongoing operational challenges.

This article provides a structured framework for evaluating rooftop solar investment, covering the technical,
structural, electrical and financial dimensions that every informed industrial buyer should understand before
signing a contract.

Step 1: Energy Consumption
Analysis

A robust solar design begins not with the
rooftop, but with the electricity bill.
Understanding your facility's energy
consumption pattern — its load profile —
is foundational to sizing the system
correctly and projecting financial returns
accurately.

R = | ; Key metrics to establish before engaging a
‘ N g® _'. solar EPC contractor include: total
‘ 3 ; monthly energy consumption in kWh,

peak demand in kW or kVA, load factor across shifts and seasons, time-of-use patterns if applicable, and the
composition of the electricity bill including energy charges, demand charges and fixed charges.

A detailed load analysis reveals whether a facility is a good candidate for solar, what system capacity would
optimize the investment, and whether battery storage should be incorporated to maximize self-consumption.

Step 2: Roof Assessment and Structural Considerations

Not every rooftop is solar-ready. A thorough roof assessment evaluates several dimensions:
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Available Roof Area

Industrial rooftops often appear large but yield surprisingly limited usable area once obstructions — water
tanks, HVAC units, ventilators, skylights and fire safety access pathways — are accounted for. A practical
rule of thumb for ballast-mounted systems on industrial roofs is 8 to 10 square meters per kWp of installed
capacity, though this varies with module efficiency and mounting configuration.

Structural Load Bearing Capacity

Solar mounting structures and panels add a dead load of approximately 15 to 25 kg per square meter to the
roof. A structural engineer must certify that the existing roof can support this additional load, particularly for
older industrial buildings where original structural documentation may be incomplete. This step is non-
negotiable and should not be treated as a formality.

Roof Condition and Remaining Useful Life

Installing solar on a roof that requires replacement within 3 to 5 years creates significant disruption and cost
— the mounting structure must be removed and reinstalled, typically at the project owner's expense. A
condition assessment should estimate remaining roof life relative to the planned 25-year solar system lifespan.

Roof Orientation and Tilt

In India, south-facing roofs with a tilt angle approximating the local latitude offer optimal annual energy yield.
East-west configurations, while yielding slightly less total energy, offer superior morning and evening
generation profiles and allow higher installation density — a relevant consideration for facilities with flat
industrial roofs.

Step 3: Shadow Analysis

Shading is one of the most underestimated factors in rooftop solar performance. A single shaded cell in a solar
string can disproportionately reduce output from the entire string due to the series connection of modules.
Sources of shading on industrial rooftops include:

» Parapet walls and roof edges casting morning or evening shadows

» Water tanks, HVAC units and ventilation stacks

* Adjacent structures or taller buildings

» Internal obstructions such as overhead cranes or cable trays elevated above the roof
» Trees and vegetation on or near the facility boundary

Professional shadow analysis using solar pathfinder tools or simulation software (PVsyst, Helioscope)
quantifies the annual shading loss and informs module layout, string configuration and the potential need for
module-level power electronics such as micro-inverters or DC optimizers.

Step 4: Electrical Infrastructure Evaluation
Solar generation must integrate seamlessly with the facility's existing electrical distribution system. Key
technical requirements include:

» Available feeder capacity at the proposed point of interconnection

* Condition and capacity of main switchboards and distribution panels

» Existing metering arrangements and net metering or gross metering requirements under state DISCOM
regulations

* Power factor correction requirements and harmonics management
* Protection relay settings and anti-islanding compliance
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An electrical audit by a qualified engineer will identify whether upgrades to switchgear, protection systems or
cable infrastructure are required — costs that should be factored into the total project budget.

Step S: Regulatory and Safety Requirements

Industrial solar installations are subject to a regulatory framework that varies by state but typically includes:
obtaining connectivity approval from the local DISCOM, securing net metering or open access permissions,
completing electrical safety inspections, and complying with fire safety standards for installations on occupied
industrial buildings.

For installations above a certain capacity threshold (typically 1 MW), environmental clearances and grid study
requirements may also apply. Understanding the regulatory timeline in your state is critical to project
scheduling.

Step 6: Technology Selection

The solar module and inverter market offers a range of technology choices, each with different performance,
cost and longevity characteristics:

Solar Modules

Monocrystalline PERC and the latest TOPCon or HJT modules offer superior efficiency (21 to 24 percent)
and better performance in diffuse light conditions — relevant for Indian facilities that experience significant
monsoon cloud cover. While higher in initial cost, premium modules offer longer performance warranties and
lower energy costs per unit generated over the system's lifetime.

Inverters

String inverters remain the dominant choice for most industrial rooftop applications due to their cost-
effectiveness and ease of maintenance. Central inverters suit very large single-roof installations. Hybrid
inverters that support battery storage integration should be specified if BESS is part of the current or future
plan. Microinverters or DC optimizers add cost but deliver significant advantages for shaded or complex roof
configurations.

Step 7: Financial Evaluation

A financially sound solar investment requires analysis beyond the headline numbers. The following metrics
should be part of every decision framework:

* Levelized Cost of Energy (LCOE): The total cost per kWh generated over the system's lifetime,
accounting for capital cost, financing, operations and degradation.

* Net Present Value (NPV): The present value of all future cash flows including savings and any
applicable incentives, relative to the initial investment.

* Internal Rate of Return (IRR): The annualized effective compounded return on the solar investment,
useful for comparison against alternative capital deployments.

» Simple Payback Period: The number of years required to recover the initial investment from energy
savings, a widely understood if incomplete metric.

» Sensitivity Analysis: How do projected returns change if tariff escalation is lower than assumed, or if
the system underperforms by 5 to 10 percent?

Ensure that any financial model provided by a vendor has been independently verified against actual tariff
data, realistic degradation rates (typically 0.5 percent per annum) and accurate O&M cost projections.
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Pre-Investment Checklist for Rooftop Solar

* Energy audit completed — load profile, consumption patterns and demand analysis documented
» Structural assessment conducted by a certified engineer and load-bearing capacity confirmed

* Roof condition assessment completed and remaining useful life verified

* Shadow analysis performed using professional simulation tools

» Electrical infrastructure audit completed and upgrade costs identified

» DISCOM connectivity and metering requirements confirmed for your state

» Technology selection finalized — module type, inverter topology and warranty terms reviewed
« Comprehensive financial model developed with site-specific tariff data

» EPC contractor references verified and project timeline confirmed

*  O&M agreement terms reviewed including performance guarantees and response times

* AMC (Annual Maintenance Contract) cost included in 25-year financial projection

Common Mistakes to Avoid

Several avoidable errors consistently undermine industrial solar investments:

» Oversizing or undersizing the system based on inadequate load analysis

» Ignoring structural assessment to reduce upfront costs

» Selecting inverters without considering future battery storage integration

» Accepting financial projections based on optimistic rather than realistic assumptions
+ Failing to negotiate comprehensive performance guarantees from the EPC contractor

* Not accounting for the total cost of ownership including O&M, insurance and eventual
decommissioning

Key Takeaways

*  Pre-installation planning quality directly determines whether a solar investment delivers its
financial promise.

e Structural certification, shadow analysis and electrical audit are non-negotiable technical
prerequisites.

e Technology selection should account for future BESS integration and actual site-specific
conditions.

* Financial evaluation must extend beyond simple payback to NPV, IRR and sensitivity analysis.

* A comprehensive pre-investment checklist minimizes the risk of costly surprises during or
after installation.

Frequently Asked Questions
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Q1: How much rooftop area is needed for a 1 MW solar installation?

Approximately 8,000 to 10,000 square meters (0.8 to 1 hectare) of unobstructed, south-facing rooftop area is
typically required for a 1 MW installation using standard monocrystalline modules. Higher-efficiency TOPCon or
HIJT modules can reduce this requirement by 10 to 15 percent. Actual usable area depends heavily on roof
obstructions, shading margins and mounting configuration.

Q2: What is the typical lifespan of industrial rooftop solar panels?

High-quality solar modules carry a 25-year linear power output guarantee, typically warranting that panels will
produce at least 80 percent of rated output at year 25. In practice, well-maintained systems with quality modules
can operate productively for 30 years or more. The practical financial calculation should use 25 years as the base
case planning period.

Q3: Can solar be installed on a factory with a metal sheet roof?

Yes, metal profile roofs are among the most common installation substrates for industrial solar in India, using
specialized clamp-based mounting systems that avoid roof penetration. The key requirements are confirming the
roof's load-bearing capacity for the additional dead load and ensuring that the sheet metal is in good condition with
adequate remaining life. Galvanized, color-coated or standing seam roofs are all accommodatable with the
appropriate mounting solution.

Q4: How does net metering work for industrial consumers in India?

Net metering allows a solar system owner to export surplus generation to the grid and receive credit against their
future electricity consumption. The specific rules — including eligible capacity limits, compensation rates and
billing cycle treatment — vary significantly by state electricity regulatory commission. In some states, gross
metering or net billing (which credit exports at a different rate than consumption) may apply. Understanding the
applicable framework in your state is essential before finalizing system sizing.

QS: What warranties should I require from a solar EPC contractor?

A robust warranty package should include a 10-year product warranty on solar modules (manufacturer-backed), a
25-year linear power output guarantee, a 5-year workmanship warranty from the EPC contractor covering
installation defects, a minimum 5-year warranty on inverters, and clear contractual performance guarantees
specifying minimum energy yield and the remedies available if yield targets are not met.

Conclusion

A rooftop solar installation is a long-duration capital commitment — one that will shape your facility's energy
economics for the next 25 years. The difference between a high-performing system and an underperforming
one is rarely the technology; it is the quality of the pre-installation analysis and the thoroughness of the
planning process.

Industrial decision-makers who invest the time and expertise in comprehensive pre-project evaluation
consistently achieve better financial outcomes, fewer operational surprises and stronger long-term returns
from their solar investments.



