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India Solar SCB Design 2026: ALMM, Protection,
O&M and EPC Risk Guide

By Sudarshan Karweer - 09 September 2026 - growthifye.com

A 2026 practitioner guide to solar string combiner box design in India: protection, ALMM, thermal risk,
O&M and EPC quality controls.

India’s solar EPC market has matured on modules, inverters and evacuation design, but string combiner box
design still gets value-engineered too aggressively. In 2026, that is a bankability problem. A weak SCB
specification can create recurring DC trips, hotspot risk, ingress failures, difficult maintenance, energy loss
and avoidable warranty disputes between EPC, OEM and O&M teams.

For Indian utility-scale and C&I plants, the SCB is not just a junction enclosure. It is the first disciplined layer
of DC aggregation, overcurrent protection, surge protection, isolation and field maintainability. As module
currents rise with high-power TOPCon and HJT products, and as developers continue to optimise plant
layouts for lower BoS cost, SCB design needs to be reviewed with the same rigour as inverter loading ratio or
HT evacuation philosophy.

This article covers how Indian developers, C&l consumers, lenders and EPC teams should approach solar
SCB design in 2026, with a practical lens on ALMM-linked procurement, thermal design, safety, O&M and
commissioning quality.

Why SCB design matters more in 2026

Three market shifts have raised the importance of SCB engineering in India.

First, module short-circuit current and operating current have increased. A typical utility module in 2026 may
sit in the 17 A to 19 A Imp range, with Isc often above 20 A depending on technology and bifacial format.
When multiple strings are aggregated, fuse sizing, busbar temperature rise and SPD coordination cannot be
copied from legacy 540 Wp-era templates.

Second, many sites operate in harsher conditions than datasheets assume.

» Rajasthan and Gujarat see high ambient temperatures and dust loading.

» Coastal Andhra Pradesh, Tamil Nadu and Gujarat add salinity and corrosion exposure.

» Rooftop and C&l sites often face cable congestion, rodent exposure and poor accessibility.
 Floating and water-adjacent projects create persistent humidity and sealing challenges.

Third, owners are far more focused on availability guarantees and O&M labour cost. A low-cost SCB that
causes repeated string outage diagnosis can wipe out initial capex savings quickly. In a plant selling power
under a tariff of Rs 2.4 to Rs 3.2 per kWh in utility-scale scenarios, or offsetting industrial consumption at Rs
6 to Rs 9 per kWh in C&I behind-the-meter cases, even a small recurring DC loss is commercially relevant.

Core SCB design decisions: architecture, ratings and protection philosophy
An SCB specification should begin with string electrical data, not vendor catalogue availability. The following
decisions matter most.

Number of inputs and future maintainability
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Common utility designs still use 12, 16, 20, 24 or 32 input SCBs. The right selection depends on block layout,
string homerun lengths and inverter architecture.

» Fewer input boxes may reduce enclosure count but increase average string cable length.

e More distributed SCBs may cut copper/aluminium DC cable cost but increase field equipment count.

 For sites with frequent maintenance access constraints, lower input counts can simplify troubleshooting
and replacement.

The cheapest capex option is not always the lowest lifecycle-cost option. Developers should model cable
savings versus incremental SCB count, failure exposure and O&M access time.

Fuse selection and current derating
Fuse rating should reflect module series fuse rating, reverse current exposure and ambient derating. In
India’s summer conditions, assuming nominal fuse performance at 25°C is poor practice.

As a practical 2026 rule:

 Validate string Isc at site-specific irradiance and temperature assumptions.

» Apply manufacturer derating for enclosure temperature, not just ambient air temperature.

» Check that fuse holders and internal conductors are rated for continuous thermal stress.

» Maintain selectivity so a single-string fault clears locally without unnecessary upstream isolation.

Many SCB problems start when a project team upgrades to higher-current modules but leaves the
fuse-holder platform unchanged from prior projects.

DC isolator philosophy

Whether the plant uses integrated load break switch isolators at SCB level or shifts isolation upstream
depends on inverter topology and O&M philosophy. For large utility projects, each SCB should support safe
isolation and replacement without ambiguous lockout procedures.

Key checks:
 Voltage rating should comfortably match the maximum plant DC voltage, typically 1500 V systems for
utility projects.
» Breaking capacity must suit fault conditions and switching duty.
» Handle design, padlocking and arc-quenching arrangement should be field-friendly.

» Clear ON/OFF indication is essential during commissioning and maintenance.

SPD coordination

SCB-level surge protection remains one of the most inconsistently specified items in Indian solar projects.
Type Il SPDs are standard in many applications, but the exact arrangement must consider lightning density,
earthing network quality, inverter DC input protection and cable exposure lengths.

For sites in lightning-prone zones or with long exposed runs, poor SPD selection can lead to repeated
replacements, hidden degradation or inverter input card damage. The EPC team should define:

e Ucpv and maximum continuous operating voltage margin

» Short-circuit withstand capability

» End-of-life indication and remote alarm requirement

» Coordination with inverter-side SPD and plant earthing design
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The SCB vendor should not be left to guess the surge environment.

Mechanical and environmental design: where many failures begin
A large share of SCB field failures in India are mechanical or enclosure-related rather than purely electrical.
This is especially true after the first monsoon cycle.

Enclosure IP and material selection
For most outdoor utility applications, IP65 or better is expected, but the number alone is not enough.
Procurement documents should define tested performance including gasket material, UV stability, gland
plate robustness and corrosion resistance.

Material choice should match the site.
» Powder-coated metal enclosures may perform well if coating quality and corrosion class are properly
specified.
 Stainless steel can be justified in coastal or highly corrosive sites despite higher upfront cost.

» Non-metallic enclosures may suit some applications but need careful review for UV ageing, mechanical
impact and fire performance.

Cable entry and gland design
Bottom entry is generally preferred for weather protection, but actual site cable routing may complicate this.
Poor gland layout causes bent cable radii, damaged insulation and water ingress over time.

Common Indian site issues include:

» Overcrowded gland plates with inadequate spacing
» Mixed gland sizes without proper reducers or seals
e Incompatible gland material in corrosive areas

» Lack of strain relief for larger output conductors

For 1500 V systems, cable termination workmanship is critical. One weak crimp or loose lug at the SCB
output can produce temperature rise, insulation damage and eventual forced outage.

Thermal management
Internal heat from fuses, SPDs and conductor losses is routinely underestimated. In peak summer, internal
enclosure temperatures may rise well above ambient. Designers should assess:

» Maximum enclosure fill and conductor bundling

» Busbar cross-section and plating quality

* Venting strategy, if any, without compromising ingress protection

 Derated current-carrying capacity under real operating temperature

Infrared scans during trial run and initial operation should be mandatory, not optional.

ALMM, domestic-content compliance and procurement risk in 2026

SCBs themselves are not governed in the same way as modules under ALMM, but ALMM-driven module
choices materially affect SCB design. Domestic module availability, current ratings, connector ecosystems
and string sizing assumptions all influence the combiner-box specification.
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In 2026, EPCs should align SCB procurement with module and inverter finalisation earlier than many
bid-stage practices allow. Late module swaps still happen due to supply timing, manufacturer allocation,
DCR-linked schemes or price movement. When that happens, SCB current ratings, fuse values and terminal
compatibility may also need revision.

This is where disciplined [Procurement & vendor
management](/coreservices/epc/procurementandvendormanagement) matters. Growthifye teams working
across [Solar & hybrid plant EPC](/coreservices/epc/solarandhybridplantepc) know that a “minor” electrical
BoS change after module freeze can ripple into material approvals, shop drawings, FAT schedules and
commissioning dates.

Recommended procurement controls include:

» Freeze module electrical parameters before final SCB manufacturing release

Obtain type-test documentation relevant to rated voltage, temperature rise and ingress protection
 Verify fuse, SPD, switch and terminal subcomponent makes at approval stage

* Include approved-vendor-list discipline for critical internals, not just the enclosure assembler

* Require routine test records and serial traceability for each box

For government-backed or CFA-linked solar schemes where documentation scrutiny is tighter, traceability
and test records become even more important at subsidy-claim and inspection stages.

QA/QC, FAT, site installation and commissioning checkpoints
A high-quality SCB design can still fail if FAT and installation controls are weak. Indian projects continue to
see avoidable defects from rushed assembly and field termination.

Factory acceptance test essentials
At minimum, FAT should cover:
 Visual and dimensional checks against approved GA and BOM
 Verification of component make, model and ratings
» Torque check records for terminals, busbars and fuse holders
* Insulation resistance and continuity testing
* Polarity verification
» Functional check of isolator operation and indication
» SPD installation and indication status
» Enclosure sealing inspection

Where project size justifies it, sample temperature-rise verification is valuable, especially for new box
configurations or high-current designs.

Site installation controls

The biggest field mistakes are usually mundane.
» SCBs installed at awkward heights or inaccessible positions
 Inadequate mounting rigidity causing enclosure distortion

» Water pooling around pedestals or support structures
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» Mixed polarity terminations under schedule pressure
» Poor ferruling and cable identification
 Improper gland tightening during monsoon-season work

A proper [QA/QC & HSE enforcement](/coreservices/epc/gaqcandhseenforcement) regime should treat SCB
installation as a controlled activity. Lockout-tagout, torque recording, crimping tool calibration and
weather-protected terminations are not paperwork exercises; they are availability safeguards.

Commissioning tests that should not be skipped

Before energisation and during trial operation:
» Confirm string-by-string polarity and open-circuit voltage consistency
» Measure insulation resistance under site conditions

Verify SPD health indicators

» Check continuity of earthing and bonding

Perform thermal imaging after initial loading and again during stable high irradiance
e Cross-check SCB current aggregation against inverter telemetry where possible

Testing, commissioning & handover should include SCB-specific punch points in the final dossier, not just
inverter-level test sheets.

O&M implications: design for fast fault finding, not just first-day energisation
Owners typically discover SCB quality only after six to eighteen months of operation. By then, repeated field
visits start exposing whether the EPC designed for maintainability.

The most useful O&M-oriented design features are straightforward:

 Clear string numbering that matches as-built drawings and SCADA nomenclature
» Safe front-side access without dismantling adjacent cable routing

» Replaceable SPDs and fuses from reliable Indian supply chains

» Space for test probes and thermal inspection

» Durable labels that survive UV and cleaning

» Remote monitoring contacts where justified for large plants

In C&l portfolios with lean maintenance teams, these basics reduce downtime materially. If a 5 MW to 20 MW
plant loses even 1% generation because of unresolved string-level DC issues, annual energy impact can run
into lakhs of rupees depending on CUF, offtake tariff and operating profile.

Lenders should ask a simple question during technical due diligence: is the SCB package designed merely to
pass commissioning, or to support 25-year maintainable performance?

What developers, lenders and C&l buyers should ask EPC bidders
To reduce lifecycle risk, bid evaluations should ask for more than a single-line item price for SCBs. Useful
bidder questions include:

» What module current range and future tolerance is the SCB designed for?

» What is the basis of fuse sizing and thermal derating?

e Which SPD type and coordination philosophy is proposed?
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» What enclosure material and corrosion class are offered for the specific site?

* What type tests and routine tests are available?

» What approved makes are proposed for fuses, SPDs, switches, terminals and glands?

» How is field maintainability addressed in layout and labeling?

* What are the warranty terms for enclosure ingress, internal components and workmanship?

If a bidder cannot answer these clearly, the project is likely carrying hidden DC-side reliability risk.

The 2026 takeaway for Indian solar projects

In India’s 2026 solar market, SCBs should no longer be treated as a low-attention balance-of-material line
item. Rising module currents, hot-climate operation, tighter availability expectations and stronger lender
scrutiny mean combiner-box design deserves structured engineering review.

For utility developers, a robust SCB package improves availability, lowers DC fault exposure and supports
cleaner commissioning. For C&l consumers, it reduces maintenance friction and protects savings from
recurring field failures. For lenders and insurers, it is a visible indicator of EPC discipline and operational risk
management.

Projects that get SCB design right usually do a few simple things well: they freeze electrical assumptions
early, avoid over-aggressive value engineering, specify tested components, enforce FAT and site QA, and
design for maintainability rather than only handover speed.

If you are evaluating a solar EPC package, repowering an underperforming plant, or tightening lender
technical due diligence, contact Growthifye’s advisory desk for project-specific support on SCB design,
procurement review, commissioning quality and lifecycle risk reduction.

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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