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PRODUCT KNOWLEDGE

Solar Panels for Telecom Towers: Voc, String Design
and Shading Checks

Choose modules, define voltage-safe strings and map seasonal shade before releasing a
telecom tower PV array for procurement, installation and commissioning.

Updated August 18, 2026PV array design guideApprox. 15 minute read
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Standards boundary A telecom tower places unusual objects around a small PV array: a
tall lattice or monopole, antennas, feeder routes, fencing, cabinets and often limited
service space. Module wattage matters, but it is not the first drawing decision. A
productive array begins with the usable ground, the controller’s electrical window and
the shadow path through the year.

For a solar panel for telecom towers project, release three records together: a site
shade and layout survey, a temperature-corrected series/parallel design, and a string
schedule that remains traceable through installation. A total array kilowatt figure without
those records cannot show whether the selected modules will operate safely or
consistently.

Engineering boundary. This guide describes the array-design workflow. It does not set
a universal module model, string length, controller voltage, mounting angle or clearance.
Use the approved module datasheet, controller manual, structural design, local electrical
requirements and site temperatures for the released project.

What solar panels work best for telecom towers?

The best module is the one that fits the site’s electrical, mechanical and environmental
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design—not automatically the panel with the highest nameplate power. Compare
voltage and current data, temperature coefficients, dimensions, mass, connector
system, mechanical loads, product documentation, supply continuity and the area
available for serviceable mounting.

Start PV module selection with the released datasheet for the exact model and
revision. Capture Pmax, Voc, Vmp, Isc, Imp, power and current tolerances, the Voc and
Vmp temperature coefficients, maximum system voltage, series-fuse rating where
stated, connector designation, dimensions, mass and allowed mechanical loads. If
bifacial modules are considered, the rear-side current contribution and mounting
conditions also need a project-specific current review.

Module evidence

Voc, Vmp and temperature
coefficients

Isc, Imp and tolerances
Dimensions, mass and mounting

zones

Load and environmental
documentation

Connector and cable details

Model and supply revision

Why the telecom array needs it
Establishes cold maximum
voltage and hot operating-voltage
boundaries

Supports parallel-string,
conductor, connector and
protection checks

Affects row count, access,
structural rails and handling

Supports wind, snow where
applicable, corrosion and site-
condition review

Prevents unapproved mating and
exposes lead-length constraints

Keeps replacement and expansion
strings electrically consistent

Release question

Does every series string remain
inside the full input and tracking
limits?

Are qualified design currents used
rather than nameplate power
alone?

Can the array fit without blocking
service routes or violating clamp
instructions?

Are the mounting system and
local design loads compatible with
the module?

Is one compatible connector
system defined from module to
string cable?

Will a future substitution trigger a
new string and protection review?

Begin with the tower compound, not the module wattage

Survey the compound before arranging panels in a drawing. Record the boundary, true
orientation, terrain slope, tower base, existing foundations, fence, cabinets, generator
space, cable trenches, drainage, access gate and areas needed for lifting or antenna
work. A dimensioned plan should distinguish land that is physically empty from land that
can safely remain occupied by PV for the service life.

SKYLINE

Permanent shade sources

Map the tower, antennas, dishes, buildings, poles, fence features and nearby terrain that
may shade the array at relevant sun positions.
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GROUND
Buildable area

Confirm slope, drainage, flooding or erosion exposure, soil and foundation constraints,
vegetation control and the routes used by maintenance vehicles.

INTERFACES
Cable and equipment routes

Locate the controller, combiner or isolator points and compare cable length, voltage
drop, burial, protection and service access between layout options.

FUTURE WORK
Protected service envelope

Reserve space for tower climbing controls, cabinet door swing, replacement equipment,
crane or lifting access and foreseeable array expansion.

A photograph taken at noon is not a shade study. Use a surveyed model or a
documented sun-path method with coordinates, object heights and seasonal sun
positions. Review morning and afternoon conditions as well as the lowest relevant solar
elevations. Retain the input geometry and assumptions so a later tower, antenna or
fence change can be reassessed.

What does Voc mean for telecom solar string design?

Voc is the open-circuit voltage of a module under the datasheet reference condition.
Series-connected module Voc values add, and module voltage normally rises as cell
temperature falls, so the coldest credible module condition governs the upper string-
voltage check.

The approved design should calculate cold string Voc using the exact module
coefficient, the project’s minimum module-temperature basis, manufacturing tolerance
where relevant and the prescribed design allowance. Compare the result with the lowest
applicable absolute maximum across the controller input, disconnects, surge-protection
devices, connectors, cables and other equipment in the PV path.
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Do not use the historical average low air temperature without deciding whether it
represents the module condition required by the governing method. A cold, clear
morning can place an unloaded array near its maximum voltage before meaningful
power is available. State the data source, conversion method and margin in the
calculation record.

Voc establishes an upper safety boundary; Vmp establishes an operating boundary. At
the hottest credible cell condition, the series string must still provide enough operating
voltage for the MPPT input and the required conversion headroom. The MPPT charge
controller sizing guide owns the temperature-correction formulas and full controller
calculation.

How many modules belong in a telecom PV string?

Choose the series count from the cold-Voc ceiling and the hot-Vmp floor, then choose
the number of parallel strings from power, current and energy requirements. A valid
series count must satisfy both voltage boundaries; adding parallel strings must remain
within the qualified input-current, protection and connection limits.

Series boundary: Nseries X corrected Voc Operating boundary: Nseries x corrected Vmp
> required MPPT and conversion minimum
Parallel boundary: Nparallel x qualified string current

These are boundary statements, not final sizing equations. The qualified current may
include module tolerance, bifacial contribution and required design factors. The chosen
controller may also limit maximum short-circuit current, operating current, total array
power, channels per tracker or permitted oversizing independently.

Keep parallel strings connected to one tracker electrically comparable: same module
model, series count and orientation, with similar unshaded irradiance. Mixing strings
with different operating voltages on one tracker can force them to a compromise point.
If the site needs materially different module groups, separate MPPT channels or
controllers may be the cleaner design.

How does tower shading affect a PV string?

Tower shading reduces irradiance on part of the array and creates electrical mismatch;
the energy loss can be greater than the shaded-area percentage. In a series string the
connected modules carry the same current, while parallel strings share a common
operating voltage, so a shadow can shift the combined array away from the individual
modules’ preferred operating points.

The Sandia PV Performance Modeling Collaborative explanation of mismatch losses
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describes this series-current and parallel-voltage constraint and treats heterogeneous
irradiance such as shading as a separate mismatch mechanism. Bypass diodes can
change the electrical response of a shaded module, but their presence is not a reason to
ignore the shade path or assume a proportional loss.

A useful tower shading analysis overlays seasonal shadow paths on proposed module
rows and then maps the affected modules to strings and MPPT channels. The design goal

is not necessarily zero shade at every minute; it is a documented layout whose residual
shade, mismatch and service consequences meet the project’s energy and availability

model.

1. Locate the moving obstruction: model the tower legs or monopole, antenna
frames, dishes, fence posts and new equipment likely to be added.

2. Identify the electrical footprint: show which cell rows, module substrings,
modules and complete strings can be affected as the shadow moves.

3. Review critical periods: compare seasonal shade with the site’s energy
shortage and battery-recovery periods, not only annual irradiation.

4. Test layout alternatives: shift rows, alter spacing, rotate the electrical
grouping or dedicate an affected zone to a separate tracker when justified.

5. Freeze the as-built map: retain module and string identifiers so monitoring
data can be compared with predicted shade behaviour.

How should a telecom PV array be divided into electrical

zones?

Divide the array so modules sharing an MPPT channel have compatible voltage,
orientation and irradiance behaviour. Separate a consistently shaded row, a different
azimuth, a different module family or an expansion stage when combining them would
create avoidable mismatch or make fault diagnosis ambiguous.

Reason to create a zone
Different orientation or tilt

Recurring tower or terrain shade
Different module model or series
count

Long or unequal cable routes

Phased expansion

Preferred design response

Place incompatible planes on
separate MPPT inputs where the
equipment permits

Move the array first; if shade
remains, group affected modules
deliberately and model the result
Avoid parallel connection on one
tracker unless compatibility is
demonstrated

Review conductor size, voltage
drop, protection and
measurement by zone

Reserve documented input,
protection, cabinet and mounting
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production profile
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Cable schedule and route lengths

Current phase schedule and
future design boundary
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Reason to create a zone Preferred design response Evidence to retain
capacity without mixing
undocumented replacements
Availability or service isolation Use independent protected Single-line diagram, isolation
branches only when the procedure and failure-state review

remaining architecture can
operate safely

More zones add trackers, protection, cables, monitoring points, settings and spares.
Divide only where the electrical or operational benefit is clear. Multiple controllers are
not redundant if they share an undersized combiner, one unprotected output or a
common control dependency that can stop the complete array.

Lay out the array for service, wind, soil and cables

After the electrical zones are stable, place foundations and rows around the site’s civil
and maintenance constraints. Confirm structural design loads, module clamp zones, rail
spans, edge clearances, row spacing, vegetation control, drainage and cable support.
Protect DC cables from sharp edges, abrasion, rodents, UV exposure, standing water and
uncontrolled ground traffic using the method approved for the site.

Tilt and orientation should follow the project energy model and local constraints rather
than a generic latitude rule. In dusty locations, a steeper angle may assist rain cleaning
but can increase wind action or reduce packing density. Low rows may simplify service
yet increase splash, vegetation and deliberate-damage exposure. State which trade-off
controlled the decision.

Provide safe access to module clamps, connectors, string test points, combiner
equipment and the rear of rows without stepping on modules or crossing exposed
conductors. Keep module leads supported without tensile load at connectors, and avoid
connector positions where water or dirt can collect. The completed layout should also
preserve cabinet ventilation, tower maintenance and emergency access.

Build a module and string schedule that survives
procurement

The telecom PV string schedule is the bridge between calculation, purchase order,
installation and monitoring. Give every module position, string, combiner input and MPPT
channel a stable identifier. A module substitution, changed row or additional parallel
string must trigger review of the affected calculations and documents before installation.

Schedule field Minimum record What it prevents
Module identity Manufacturer, exact Unreviewed mixing of module or
model/revision, electrical ratings  connector families
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Schedule field Minimum record What it prevents
and connector type

Physical position Row and position tied to the Loss of traceability between
layout and shade model shade prediction and field data

Series arrangement Modules per string and calculated Overvoltage or failure to enter the
cold Voc/hot Vmp boundaries tracking window

Parallel arrangement Strings per input, qualified current Input, cable, connector or
and branch protection basis combiner overloading

MPPT assignment String-to-channel mapping and Combining incompatible
permitted operating limits orientations or shade zones

Cable path Polarity, conductor, length, route, Unknown voltage drop, crossed
termination and identification polarity and difficult isolation

Do not accept “equivalent panel” as sufficient substitution evidence. Recalculate
voltage, current, power, connectors, mounting, mechanical loads, dimensions, row count
and shade geometry with the proposed replacement. Update the BOM, drawings, labels,
monitoring expectations and spares plan as one controlled change.

Which commissioning evidence proves the PV string was
built as designed?

Commissioning should connect field measurements to the approved string schedule.
Confirm equipment identity and layout first, then record polarity, open-circuit voltage,
protective continuity, insulation or other required tests, and operating current using the
approved safe method and instruments suitable for the array’s voltage and prospective
current.

1. Document review: approved module datasheet, layout, shade study, string
schedule, single-line diagram, settings and inspection plan match the as-built
configuration.

2. Visual inspection: correct modules, clamps, supports, connectors, cable
routing, labels, earthing/bonding and weather protection are present and
undamaged.

3. Pre-energization checks: string count, polarity and measured Voc are
compared with the expected value for the observed module temperature and
irradiance condition.

4. Operating comparison: string or channel voltage and current are compared
under similar conditions; unexpected divergence is investigated against shade,
soiling, wiring, connector and module condition.

5. Controller evidence: MPPT channel assignment, input limits, output limit,
alarms and loss-of-source behaviour match the released settings and operating-
state record.

6. Handover baseline: retain test instruments, calibration status, environmental
observations, photographs, exceptions and corrected as-built drawings.
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Do not disconnect live DC connectors or create deliberate faults to demonstrate
protection. The commissioning method, isolation sequence, personal protection and test
points must be approved for the actual equipment. Compare measured values with a
calculated range rather than expecting strings to reproduce STC labels in field weather.

Use the PV array standard without losing the telecom site
boundary

IEC 62548-1:2023 covers PV-array design requirements including DC wiring, protection,
switching and earthing provisions, with additional provisions for arrays directly
connected with batteries at DC level. Confirm the edition and amendments adopted by
the project and the requirements of the installation country.

The standard’s PV-array scope does not replace design of the telecom load, battery,
controller output, downstream DC distribution, cabinet environment, tower earthing
system or civil works. Coordinate those interfaces on the project single-line diagram and
in the applicable operator and local regulatory documents. The telecom solar power
systems architecture guide owns that wider boundary, while the telecom solar system
sizing guide owns the energy balance and storage-autonomy calculation.

Release an array drawing that installers can verify

Send Huijue the site coordinates and compound survey, shade model, selected module
datasheet, minimum and maximum temperature basis, proposed layout, controller input
limits, battery/bus window, cable routes, structural criteria and required acceptance
records. Our engineering team can review the module, string and cabinet interfaces as
part of a project-specific telecom energy configuration.

Request a telecom PV array review

Related engineering resources

Telecom Solar Power Systems Architecture
MPPT Charge Controller Sizing

Telecom Solar and Battery Sizing

Telecom Energy Products and Services
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Contact Us

For catalog requests, pricing, or partnerships, please visit:
https://www.thesolartelecom.com

Solar Panels for Telecom Towers: Voc, String Design and Shading Checks
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