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India Solar Module Soiling & Cleaning Strategy
2026: EPC, Water and Yield Guide
By Sudarshan Karweer · 13 September 2026 · growthifye.com

A practical 2026 guide to solar soiling losses, cleaning design, water use, robotics, EPC risk and yield
protection in Indian PV plants.

India’s solar fleet has become large enough that seemingly small design and O&M variables now move

serious money. One of the most underpriced variables is module soiling. Dust, fly ash, cement particles,

agricultural residue, salt mist and bird droppings can cut output far faster than many project models assume.

In 2026, with tighter tariffs, larger capacities, stricter lender scrutiny and more pressure on water use, soiling

strategy is no longer a housekeeping issue. It is a plant-design, EPC, financing and yield-protection issue.

For Indian C&I rooftops, open-access solar parks, utility-scale projects and solar-plus-storage sites, the right

question is not whether to clean, but how to build a site-specific cleaning strategy into design, procurement,

contracts and operations. This article sets out a practical framework for developers, asset owners, lenders

and policymakers.

Why soiling has become a first-order risk in 2026
In many legacy energy models, annual soiling loss is entered as a simple 1.5% to 3% derate. That may be

acceptable for low-dust geographies with regular rain. It is inadequate for much of India.

Actual soiling behaviour varies by microclimate, tilt, land use and cleaning discipline:

•  Low-soiling sites with good monsoon wash and low airborne dust may see annual losses of 1% to 2.5%

•  Moderate-soiling sites often land in the 2.5% to 5% range

•  High-soiling sites near mines, cement clusters, dry inland zones, construction corridors or heavy

agriculture can cross 6% to 10% annually if cleaning is delayed

•  Event-driven losses after dust storms, stubble-burning periods or dry pre-monsoon months can spike

sharply over short windows

At current Indian tariff and open-access economics, that spread matters. A 100 MWac plant producing

roughly 180 to 210 million kWh annually can lose several million units if soiling assumptions are lazy or

cleaning frequency is underfunded. At realised revenue values of roughly Rs 2.7 to Rs 4.5 per kWh

depending on offtake structure, even a 2% avoidable yield loss can become a multi-crore annual issue.

Lenders have also become more disciplined. Independent engineers and technical advisors now ask sharper

questions on site dust mapping, source-water reliability, cleaning equipment selection, labour deployment,

access planning and performance guarantees. Insurers are likewise alert where aggressive dry cleaning,

poor walkway planning or repeated glass abrasion increases breakage risk.

Indian soiling drivers that EPC teams often underestimate
Soiling is not one thing. It is the outcome of local deposition, adhesion and removal conditions. EPC and

O&M teams should model the actual drivers rather than treat all dirt as generic dust.

Common Indian drivers include:

•  Desert and semi-arid dust in Rajasthan, Gujarat and interior Deccan regions
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•  Fly ash near thermal generation belts and industrial clusters

•  Cement and quarry dust near building-material corridors

•  Agricultural residue, pollen and stubble-burning particulates in north and central India

•  Coastal salt deposition in Tamil Nadu, ■■■■■■ and other shoreline sites

•  Bird droppings and biological fouling near waterbodies or food-processing clusters

•  Urban rooftop soot, PM load and construction debris in C&I environments

Adhesion risk changes with humidity, dew cycles and module tilt. Fine particles may wash off with light rain;

oily or sticky residues often do not. Bird droppings create localised hard shading and hotspot risk. Salt

deposition may combine with moisture to raise corrosion concerns around frames, fasteners and connectors.

Two nearby sites can therefore show very different cleaning economics. That is why pre-construction dirt-risk

mapping should be standard practice. During layout and design, Growthifye’s teams often treat soiling as part

of a broader bankability review rather than a post-COD O&M item.

Design-stage choices that determine lifetime cleaning cost
Cleaning strategy starts before procurement. Several EPC decisions lock in cleaning difficulty for 25 years.

First is module tilt. Lower tilt can improve DC density and land-use efficiency, but often worsens natural dust

shedding. In high-soiling regions, the apparent CAPEX benefit of flatter tables can be offset by more frequent

cleaning, higher labour hours and elevated residual loss between wash cycles.

Second is row spacing and physical access. Plants designed too tightly may reduce equipment

manoeuvrability, slow manual teams and limit future robotic retrofits. On rooftops, poor access routes can

drive safety incidents and make regular cleaning impractical.

Third is drainage and water management. Dirty runoff should not create recurring mud splash onto lower

module edges. Inadequate drainage around module tables can increase dust resuspension after vehicle

movement or wind events.

Fourth is module frame and glass selection. Frame geometry influences dirt accumulation at edges. Glass

coatings, anti-soiling claims and surface texture should be validated carefully. Marketing claims from

suppliers should not replace field data under Indian operating conditions.

Fifth is cable and BOS routing. If hoses, robotic tracks or manual cleaning staff regularly interfere with

exposed DC cables, connector tails or loosely managed harnesses, the plant inherits avoidable HSE and

reliability risk.

This is where integrated [Solar & hybrid plant EPC](/coreservices/epc/solarandhybridplantepc) and [Balance

of system & civil works](/coreservices/epc/balanceofsystemandcivilworks) capability matter. A cleaning

strategy that is ignored during civil and layout planning usually becomes expensive later.

Cleaning options in India: manual, semi-mechanised and robotic
There is no universal winner. The correct cleaning method depends on terrain, water availability, labour

economics, module height, tracker or fixed-tilt configuration and expected soiling rate.

Manual wet cleaning remains common across India, especially in smaller C&I and utility projects. It is simple

and relatively flexible, but outcomes depend heavily on training, supervision and water quality. Key risks

include inconsistent pressure, abrasive tools, incomplete coverage and worker safety lapses.
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Semi-mechanised cleaning uses brush systems, trolley-based equipment or vehicle-assisted methods. It can

improve productivity where terrain and layout permit, but may struggle in tightly spaced tables or fragmented

sites.

Robotic cleaning has expanded in 2025-26, especially where water scarcity is acute or labour reliability is

poor. Dry or near-dry robotic systems can reduce water demand materially and enable more frequent

cleaning. But developers should avoid treating robotics as a plug-and-play upgrade.

Questions to ask before selecting robotics:

•  Is the module table geometry compatible across the full site?

•  Are there row interruptions, uneven transitions or edge conditions that reduce cleaning completeness?

•  What is the actual cleaning speed in Indian field conditions, not brochure values?

•  How does the system handle bird droppings or sticky residue that dry brushes may not remove?

•  What are replacement-cycle costs for brushes, batteries, rails and controllers?

•  Is there an Indian service network with spare-part support?

•  How is HSE managed for rooftop edge zones and electrical proximity?

In water-stressed states, robotic cleaning is attracting stronger interest because water procurement costs

have climbed. In some districts, effective delivered water cost can exceed Rs 80 to Rs 150 per kilolitre once

transport, storage and pumping are included. That can materially alter lifetime OPEX.

Still, robotics are not automatically cheaper. The right comparison is levelised cleaning cost per recoverable

kWh, not only rupees per module cleaned.

Water planning, quality and compliance considerations
Water is now central to solar cleaning economics and social licence. State-level groundwater stress, tanker

dependence, local community sensitivity and summer shortages can all disrupt cleaning cycles.

Developers should evaluate four water questions during feasibility and detailed design:

•  Source: borewell, treated municipal supply, tanker, recycled plant water or on-site harvesting

•  Quantity: average and peak cleaning demand by season

•  Quality: TDS, hardness, suspended solids and chemical profile

•  Storage and distribution: tanks, pumping head, hose routing and redundancy

Poor-quality water leaves mineral deposits and can reduce transmittance after drying. Hard water also

increases spotting and can create a false sense that modules were cleaned while optical performance

remains compromised. Water treatment may therefore be justified even where raw water is available.

Indicative planning norms differ by method, but conventional wet cleaning can consume substantial volumes

over a year on utility-scale sites. For a 100 MW plant, annual water demand can become operationally

significant if frequent wet cleaning is required. In water-stressed geographies, this should be reflected in

environmental approvals, local stakeholder engagement and OPEX reserves.

Some developers are now integrating rainwater harvesting and reuse into site design, especially where

monsoon runoff can be stored economically. This is not always enough to cover annual demand, but it can

reduce tanker dependence and improve resilience.

Building realistic soiling assumptions into yield and finance models
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The common error is entering one flat annual soiling loss and ignoring recovery timing. Revenue impact

depends not just on annual loss percentage but on when losses occur, how fast they build, and how quickly

cleaning restores output.

A stronger approach is to model:

•  Monthly or fortnightly deposition profile

•  Pre-monsoon high-risk periods

•  Dust storm event cases

•  Rain wash effectiveness by region and tilt

•  Cleaning trigger thresholds based on measured loss

•  Water or labour disruption scenarios

For lender-grade models, owners should consider at least three cases:

•  Base case: expected cleaning discipline and normal weather

•  P90-type downside: delayed cleaning, weaker rainfall wash and one or two major dust episodes

•  Stress case: water shortage or robotic downtime during peak soiling months

This matters for DSCR resilience, particularly in projects with tighter merchant exposure or open-access

offtake variability. It also matters in C&I savings models where avoided-grid tariffs may exceed Rs 6 to Rs 9

per kWh, making every lost unit more valuable than in low-tariff utility PPAs.

Performance monitoring should support these assumptions. Soiling stations, clean-versus-dirty reference

modules, IV checks and high-quality SCADA data help teams identify whether underperformance is caused

by soiling, inverter behaviour, clipping, cable losses or module degradation. Without instrumentation,

operators can over-clean or under-clean based on guesswork.

Contracting, QA and warranty risk: what should be specified in 2026
Many disputes around soiling are self-inflicted by poor scope definition. EPC, O&M and module contracts

should define practical responsibilities.

Key items to lock down:

•  Design assumptions for annual soiling loss used in PR and yield models

•  Access provisions for cleaning crews and equipment

•  Approved cleaning methods and tools

•  Water quality limits for wet cleaning

•  Restrictions on detergents and abrasives

•  HSE procedures, especially for rooftops and live electrical proximity

•  Robotic compatibility, if required by the owner

•  Cleaning frequency or trigger philosophy during O&M

•  Data requirements for soiling measurement and reporting

Module warranties also need careful reading. Improper cleaning can trigger disputes over glass scratches,

AR coating damage, frame corrosion or microcrack-related performance complaints. Owners should ensure

that site cleaning SOPs align with manufacturer guidance while remaining realistic for Indian field conditions.



GROWTHIFYE
THOUGHT LEADERSHIP  ·  BUILD . GROW . SUSTAIN

growthifye.com/insights

2026-09-13

© Growthifye · Vriddhim Business Advisory LLP · info@growthifye.com · +91 84510 99371 Page 5

This is where [Procurement & vendor management](/coreservices/epc/procurementandvendormanagement)

and QA/QC & HSE enforcement become commercially important, not administrative. A low-cost cleaning

arrangement that damages modules or causes recurrent HSE incidents is not low cost.

A practical decision framework for owners and developers
For new projects in 2026, a useful sequence is:

•  Classify the site into low, medium or high soiling risk using local industrial, agricultural and

meteorological context

•  Estimate monthly deposition profile and rain-wash behaviour

•  Compare at least two cleaning strategies on recoverable-kWh economics, not just OPEX line items

•  Test access, drainage and water logistics during design freeze

•  Include instrumentation for soiling measurement in the plant monitoring plan

•  Align EPC, O&M and warranty language before financial close

•  Revisit cleaning intervals after the first full seasonal cycle post-COD

For operating assets, the quickest value unlock often comes from measurement and discipline. Many plants

do not need expensive technology first; they need better loss attribution, cleaning triggers and field

execution.

In a market focused on paise-per-kWh optimisation, soiling is one of the few variables that can still produce

meaningful gains without changing the PPA. But the solution is not simply “clean more.” It is to clean smarter,

with site-specific design, reliable water planning, clear contracts and measurable performance recovery.

As Indian solar expands into drier geographies, industrial belts and more complex C&I settings, module

cleaning strategy will increasingly separate average assets from bankable, high-performing ones.

If you are evaluating a new solar project or trying to improve output from an operating plant, contact

Growthifye’s advisory desk. We support developers, C&I consumers, lenders and utilities with practical EPC,

technology, yield and execution guidance grounded in Indian site conditions.

Explore Growthifye's related capabilities
This analysis connects directly to our advisory practice: [Solar & hybrid plant

EPC](/coreservices/epc/solarandhybridplantepc) · [BESS system

integration](/coreservices/epc/besssystemintegration) · [Balance of system & civil

works](/coreservices/epc/balanceofsystemandcivilworks) · [Procurement & vendor

management](/coreservices/epc/procurementandvendormanagement).
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