The Complete Logistics Playbook for
Solar Component Manufacturers

Executive Summary

Utility-scale and distributed solar options are scaling fast, but logistics remains a critical
path risk. Fragile, high-value components travel long distances, face evolving customs
enforcement, and require specialized handling at every node—from factory to project
site and back again for returns or recycling. This whitepaper provides a practical,
end-to-end playbook for solar manufacturers to de-risk logistics across transportation,
warehousing, import compliance, site staging, and reverse logistics. It also outlines how
Keller Logistics Group's Solar Logistics Solutions delivers an integrated answer—
combining asset-based trucking, nationwide brokerage, port drayage and
deconsolidation, specialized warehousing and staging, and a controlled return/recycling
loop.

1) The Solar Logistics Landscape in 2025

Market realities driving logistics complexity

« Rapid growth in utility-scale and C&I projects compresses schedules and raises
stakes for on-time, in-full (OTIF) deliveries.

o Greater module sizes and weights (large-format, bifacial) increase the risk of
in-transit and site-handling damage.

o Inverters, transformers, trackers, and storage components add mixed-freight
profiles (fragile + heavy/oversized) that demand varied equipment and handling
SOPs.

o Customs and forced-labor compliance (e.g., UFLPA) impose stringent
documentation and traceability requirements across the polysilicon-to-module
chain.

« Growing emphasis on circularity requires credible reverse logistics for warranty
returns, repair, refurbishment, or certified recycling.

What success looks like

e Predictable, damage-free moves with specialized equipment and SOPs.



Near-project staging capacity that absorbs schedule slips and weather windows.
Customs-ready documentation and trade compliance that clear ports without

delays.
A designed-in reverse logistics loop that protects brand, recovers value, and

meets EPR and sustainability expectations.

2) Component-Specific Handling & Transport SOPs

Photovoltaic (PV) Modules

Use air-ride, dry-van trailers with load bars/straps; maintain upright crate
orientation per OEM spec.

Prohibit double-stacking unless manufacturer crating explicitly allows it; observe
crush-value and tip-indicator protocols.

Require shock/tilt sensors for high-value or long-haul lanes; capture sensor data
at tender and receipt.

At site or cross-dock: certify MHE (clamp trucks/pallet jacks) with module-safe
attachments and 2-person team lifts for manual movement.

Inverters, Transformers & BOS (Balance of System)

For central/string inverters: secure on custom skids; protect cooling fins and
connectors; prohibit lifting by doors/covers.

Transformers and MV gear: treat as heavy/oversized; use proper CG-marked lift
points and blocking; require driver stop-checks.

Trackers, Racking, Piles

Bundle and band to engineered dunnage; maintain piece counts/serials; protect
corrosion-sensitive coatings with wraps.

Spare Parts/Ancillaries

Cage or lock small, high-shrink items (optimizers, combiner boxes, hardware kits)
in sealed cartons with serialized pick lists.

Environmental & Security



Keep modules and electronics dry; tarping only as last resort—prefer enclosed
transport. Use sealed yards and CCTV at pauses.

3) Warehouse & Staging Design for Solar

Facility requirements

Enclosed, clean, level floors (> 4,000 psi) with wide aisles for oversized pallets and
long materials.

Drive-in/through bays and ground-level access for flatbed conversion and
site-delivery prep.

Rack designs validated for module crate dimensions/weights; forbid overhang
that stresses glass laminates.

Process controls

ASN-driven receiving with photo capture (crate condition, tilt/shock sensors, seal
IDs).

Lot/serial tracking by pallet and crate; enforce FIFO/FILO per OEM storage limits.
Controlled pick/pack by project, array, and string to reduce site handling and
speed installation.

Project-staging zones near project sites (pop-up warehouses or yards) with
weather protection and security.

Value-added services

KPIs

Kitting (hardware + ancillaries) by mechanical/electrical workpacks.
Light rework/repack to match EPC install sequences; re-crating to OEM standard
for returns.

Dock-to-stock < 24 hrs; Inventory accuracy > 99.8%; Damage rate < 0.25%; OTIF
> 98%; Photo-documented exceptions 100%.

4) Port Drayage, Deconsolidation & Transload



e Pre-book dray with preferred carriers; buffer with live-unload windows to avoid
demurrage/per-diem.

o Deconsolidate ocean containers into over-the-road configurations (air-ride
vans/flatbeds) matched to destination and terrain.

o Cross-dock integrity checks: seal verification, tilt/shock review, crate count
reconciliation, and exception reporting.

« Stage outbound by project milestone to smooth EPC installation cadence (e.g.,
pile — rack — modules — inverters).

5) Customs, Trade & Forced-Labor Compliance

Documentation discipline

e Maintain full chain-of-custody from polysilicon — ingot — wafer — cell —
module; retain supplier affidavits and traceability packs.

o Align HTS classifications, country of origin, and bill of materials with broker
guidance; pre-file ISF and coordinate single-window entries.

e Prepare for exams (VACIS, CET) with accessible packing lists, serials, and factory
process maps.

UFLPA readiness

e Map high-risk tiers; compile evidence (e.g., purchase orders, production records,
shipping logs) that materials are unlinked to prohibited entities.

e Monitor evolving UFLPA Entity List and detentions; maintain a corrective-action
playbook and secondary sourcing.

Trade optimization

o Evaluate FTZ usage for duty deferral; consider duty drawback on
re-exports/returns; align Incoterms with risk appetite and insurance.

6) Site Delivery & Installation Enablement

« Sequence deliveries by workfront; provide daily drop plans with geofenced ETAs
and driver call-ahead.



Require last-mile SOPs: stable ground assessment, wind limits for offload, and
exclusion zones around lifts.

Provide on-truck staging (by row/string) to minimize site handling; include
returnable dunnage plan.

7) Designed Reverse Logistics & Circularity

Warranty/RMA loop

Triage matrix (cosmetic vs. functional); capture serials and inverter logs before
removal.

Pack-back to OEM spec with impact/tilt monitoring; use consolidated returns to
reduce cost.

Repair/Refurbish/Recycle

Channel non-repairable modules and e-waste to certified recyclers (e.g.,
R2v3/Appendix G) with mass-balance reporting.

Track recovery metrics (glass, aluminum, silver) and greenhouse-gas avoidance;
integrate certificates into ESG reporting.

8) Risk Management & Quality

Define a logistics FMEA covering breakage, weather, theft, customs detentions,
and site access.

Institute CAPA for every exception with root-cause, containment, and prevention
steps.

Insurance: cargo, project delay, and consequential loss considerations; align with
Incoterms and EPC contracts.

9) Technology & Data Backbone

TMS with milestone scanning (pickup, gate-in, deconsolidation, outbound, POD)
and API feeds to customer portals.



« RFID or serialized barcode capture at crate/pallet; digital photo records tied to
shipment IDs.

« Geofencing and appointment scheduling for sites; exception alerts for
shocks/tilts/temperature where applicable.

10) How Keller’s Solar Logistics Solutions Deliver
End-to-End Control

Plan

e Solar-focused implementation team to map product flows from factory to array
blocks; logistics FMEA and site-specific SOPs.

Move

e Asset-based, air-ride dry-van capacity for modules and sensitive electronics.

« Nationwide brokerage for surge and specialized equipment (RGN/flatbed for
oversized transformers/trackers).

o Port drayage, transload, and deconsolidation with exception photo-capture.

Store & Stage

e Secure, enclosed warehouses; pop-up staging near project sites; project-level
inventory control and kitting.

Deliver

o Sequenced site deliveries aligned to EPC workfronts; trained drivers; documented
last-mile offload procedures.

Return & Recycle

e Managed RMA loop with OEM-spec re-crating, consolidated returns, and certified
recycling partners; auditable ESG metrics.

Program governance

e Dedicated account leadership, quarterly business reviews, KPI dashboards, and
continuous improvement.



11) Implementation Checklist (Use This to Launch in
30-60 Days)

Nouhkwn =

Define scope: sites, volumes, SKUs, delivery cadence, import lanes.

Confirm customs documentation packs and UFLPA traceability evidence.
Engineer warehouse/staging footprint and MHE; validate crate/rack compatibility.
Stand up TMS/visibility and photo-evidence workflows.

Pilot port-to-staging lane with shock/tilt sensors; run FMEA tabletop.

Lock site-delivery SOPs and emergency contacts; train drivers and crews.

Activate RMA/recycling channels and reporting.

12) KPI Dashboard (Targets)

OTIF: > 98.0%

Damage/Breakage: < 0.25% of modules delivered

Port Dwell: < 2 days average; Demurrage/Per-Diem: $0 target
Inventory Accuracy: > 99.8%

Customs Holds Cleared: > 95% within SLA

RMA Cycle Time: < 20 business days average

13) Conclusion

A modern solar supply chain succeeds when logistics is engineered—not improvised. By
codifying handling, staging, customs preparedness, and reverse logistics, manufacturers
reduce damage, avoid port delays, and accelerate energization. Keller's Solar Logistics
Solutions provides the end-to-end framework and the operational muscle to execute
it—safely, compliantly, and at scale.

About Keller Logistics Group and Keller Solar Logistics Solutions



Keller Logistics Group is a diversified, family-owned 3PL offering asset-based trucking,
nationwide freight brokerage, warehousing & co-packing, and project staging. Keller's
Solar Logistics Solutions is dedicated to the unique requirements of solar manufacturers,
developers, and EPCs.

Get Started: Contact Keller Logistics Group to scope your solar logistics program and
launch a 30-60 day implementation roadmap.
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