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PRODUCT KNOWLEDGE

How to Size an MPPT Charge Controller for a
Telecom Solar System

Calculate the PV voltage window, input current and controller output current, then verify
battery limits, environmental derating and source coordination.

Updated August 17, 2026MPPT calculation guideApprox. 17 minute read
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Verification record An MPPT controller can have enough wattage on paper and still be
the wrong controller. Cold weather may push string open-circuit voltage beyond its PV
input limit; hot modules may pull operating voltage below its tracking range; parallel
strings may exceed its permitted input current; or the converted output may exceed the
controller or battery charge limit.

Reliable MPPT controller sizing treats those as separate checks. The controller passes
only when the complete PV string arrangement remains inside its voltage and current
limits, its output is adequate after environmental derating, and its charge settings are
compatible with the battery and telecom power bus.

Electrical safety boundary. PV strings can remain energized whenever illuminated.
Calculations, isolation, testing and commissioning must follow the approved project
procedure and be performed by qualified personnel using equipment rated for the
available DC voltage and fault current.

How do you size an MPPT charge controller for a telecom

solar system?

Size the MPPT charge controller by passing five independent checks: cold string Voc, hot
string Vmp, qualified PV input current, maximum controller output current and
battery/system compatibility. Controller wattage alone cannot replace any of these
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checks.

1. Confirm that temperature-corrected maximum string Voc stays below the
controller’s absolute PV input voltage and the ratings of associated DC
equipment.

2. Confirm that temperature-corrected minimum string Vmp remains inside the
tracking range and above the output voltage by the headroom required by the
selected controller.

3. Confirm that array Isc, including applicable module, bifacial and design factors,
stays within the controller’'s permitted PV short-circuit or input-current limit.

4. Calculate the maximum output current at the lowest relevant charging or bus
voltage and apply the controller’'s temperature and altitude derating.

5. Coordinate charge voltage and current with the battery/BMS, other charging
sources, telecom load, protection, cables, cabinet thermal design and monitoring
interface.

The Telecom Solar Power Systems guide owns the wider architecture decision. The
telecom solar and battery sizing guide determines how much PV energy and storage the
site needs. This page begins after the preliminary array power has been established and
asks whether a particular controller and string layout can carry it.

Build the input worksheet before calculating

Use values from the exact PV module, controller, battery and site design—not nominal
family labels. Record the source document and revision beside each value so a module
or controller substitution triggers a new calculation.

Input group Values required Why the value matters

PV module at STC Pmax, Voc, Vmp, Isc, Imp, positive Defines the starting voltage,
tolerances and maximum series- current and power of each
fuse information series/parallel arrangement

PV temperature behaviour Voc coefficient, Vmp coefficient or Converts STC values to the cold
approved model data, and any open-circuit and hot operating
bifacial current contribution cases

Site temperature Record/design minimum Cold increases Voc; hot generally
temperature and justified reduces operating voltage
maximum cell temperature

Controller PV input Absolute maximum Voc, Sets the permissible series and
operating/MPPT window, start parallel boundaries

voltage, maximum PV Isc/input
current and input power rules

Controller output Supported output/battery voltage Determines converted current
range, continuous output current, capacity in the actual cabinet
current-limit behaviour and environment
derating curves
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Input group Values required Why the value matters

Battery and bus Minimum/maximum operating Prevents a valid PV calculation
voltage, permitted charge from violating the storage or
voltage/current, BMS interface telecom interface
and other source limits

Site integration Load profile, cable lengths, Connects the controller rating to

protection, cabinet temperature, conductor, thermal, control and
altitude, source coordination and availability decisions
redundancy target

NREL'’s Solar Photovoltaic DC Systems paper explains why record-low temperature,
module Voc and the module temperature coefficient govern maximum series-string
voltage. It also notes that manufacturer coefficients are preferable to generic correction
values when they are available.

Do not substitute the power temperature coefficient for the Voc coefficient. They
describe different electrical quantities. Likewise, ambient temperature and cell
temperature are not interchangeable in the hot operating case; irradiance, mounting
and wind can make an illuminated module much hotter than the surrounding air.

How many PV modules can be connected in series and
parallel?

Series quantity is bounded by cold Voc at the upper end and hot Vmp at the lower end;
parallel quantity is bounded by qualified input current, controller power rules and the
array/protection design. Choose only integer combinations that pass all boundaries
together.

Cold string open-circuit voltageVoc,cold = Ns x Voc,STC x [1 + BVoc X (Tmin —

25°C)]Ns is modules in series. BVoc is entered as a decimal per °C; a datasheet value of —0.28%/°C becomes —0.0028/°C. Add
any tolerance or design factor required by the module data, controller manufacturer, project standard and jurisdiction.

The calculated cold string voltage must remain below the lowest applicable voltage
rating in the PV path, including the controller, disconnects, protective devices,
connectors and measurement equipment. Do not treat the controller’'s absolute
maximum as a normal operating target; use the design allowance required by the
selected equipment and project rules.

Hot string maximum-power voltageVmp,hot = Ns x Vmp,STC x [1 + BVmp X

(Tcell,max - 25°C)]Use an approved module model or manufacturer sizing tool when BVmp is not supplied. The result must
satisfy the controller’'s operating window and its required voltage headroom above the maximum output/charge voltage.
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A string can pass the cold Voc check and still fail to charge reliably when hot. Many
MPPT products used in battery systems are step-down converters: the PV operating
voltage must remain sufficiently above the battery or bus voltage. The exact start and
tracking headroom belongs to the selected controller manual, not to a universal rule.

Raw array currentisc,array = Np X Isc,module

Imp,array = Np X Imp,moduIeNp is the number of parallel strings. Apply the current adjustment method required for
module tolerance, bifacial gain, expected conditions and the governing electrical standard before comparing the result with
equipment and conductor limits.

IEC 62548-1:2023 covers PV array DC wiring, protection, switching and earthing,
including systems with DC-to-DC conditioning units. Its scope stops before the storage
and load distribution system, so an MPPT input check does not complete the battery-side
or telecom-side design.

What output-current rating does the MPPT controller
need?

The controller output-current rating must exceed the qualified maximum converted
current after applicable derating, while the configured charge limit must remain
acceptable to the battery and common bus. Use the lowest output voltage at which full
PV power can be delivered because the same power produces more current at lower
voltage.

Conservative screening currentlout,screen = Parray,qualified <+ Vout,minrarray,qualified
includes the array power basis required by the selected controller method. This screening equation does not take credit for
conversion losses to reduce the required rating. The manufacturer selection tool, allowed PV input power and current-limit behaviour
still govern the final result.

The controller output current is not automatically the battery charge current. On a
common DC bus, part of the controller output can feed the live telecom load while the
balance charges storage. If the load falls or another rectifier remains active, battery
current changes; the site controller must keep the sum of charging sources within BMS
and battery limits.

Check thermal and altitude curves after the nameplate calculation. A controller installed
in a sun-heated outdoor cabinet may not deliver its nominal current continuously. As one
vendor-specific example, a current Victron SmartSolar manual states different full-output
temperature and altitude boundaries for that product family. Those values must not be
transferred to a Huijue configuration or another controller.

Output conductors, terminals, fuses or breakers and disconnects are sized from their
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own continuous-current, temperature, installation and code requirements. Selecting a
100 A controller does not by itself approve every 100 A cable or protective device.

Worked screening example for a telecom site

The following values are hypothetical. They demonstrate the calculation sequence and
do not describe a Huijue model, a standard system voltage or a released project.

Assumed input Value

PV module Pmax / Voc / Vmp 450 W /49.5V /41.5V at STC

PV module Isc / Imp 11.6 A/10.85 A at STC

Temperature coefficients BVoc = —0.28%/°C; BVmp = —0.30%/°C

Array arrangement 3 modules in series x 3 parallel strings = 9 modules

Design temperatures for screening Minimum module temperature —15°C; maximum
cell temperature 70°C

Candidate controller 200 V absolute PV maximum; 65-180 V tracking
window; 50 A maximum PV Isc; 80 A continuous
output

Output/battery screening values 50.0 V minimum full-power output case; 57.6 V

maximum charge target; 90 A maximum permitted
battery charge current

1. Array power

Parray = 9 x 450 W = 4,050 W

2. Cold open-circuit voltage

Voc,cold = 3 x 49.5 x [1 + (—0.0028 x (—15 — 25))]
Voc,cold = 165.1V

The 165.1 V screening result is below the candidate’s 200 V absolute maximum. The
designer must still add the specified module/controller/project allowance, confirm the
temperature basis and verify every other device in the PV path before declaring the
voltage check passed.

3. Hot operating voltage

Vmp,hot = 3 x 41.5 X [1 + (—0.0030 x (70 — 25))]
Vmp,hot = 107.7 V

The calculated 107.7 V is inside the assumed 65-180 V tracking window and above the
assumed 57.6 V maximum output target. Final selection must also confirm the

Powered by The Solar Telecom



n-! Page 7/11

HUIJUE GROUP

controller’s start/restart behaviour and required headroom at low irradiance.

4. PV input current

Isc,array =3 X 11.6 A=34.8A
Imp,array = 3 X 10.85 A =32.55A

The raw 34.8 A Isc is below the assumed 50 A controller limit. This is not yet the final
qualified current: module tolerance, bifacial contribution where applicable, design
conditions and governing-code factors must be applied and checked against the
controller manual and protection design.

5. Output current
lout,screen = 4,050 W + 50.0V=81.0A

The 80 A candidate does not pass the conservative output-current screen. The design
could move to an appropriately rated larger controller, divide the array between
coordinated controllers, or use manufacturer-approved clipping if the project’s energy
and recovery model accepts it. Even if a 100 A controller is selected, its battery charge
limit would need coordination with the assumed 90 A battery limit and every other
active charging source.

Sensitivity Recalculated result Decision affected

Minimum temperature falls from  Cold string Voc rises from 165.1 V Upper PV voltage margin

—15°C to —25°C to 169.3V becomes smaller

Maximum cell temperature rises  Hot string Vmp falls from 107.7 V  Lower tracking/headroom margin
from 70°C to 80°C to 104.0V becomes smaller

Minimum full-power output falls Screening output current rises Controller, conductor and

from 50.0 Vto 48.0V from 81.0 Ato 84.4 A protection current increase

This sensitivity table is why a nominal voltage label is insufficient. Use the permitted
operating window of the actual battery, telecom load and controller rather than
assuming that all communication sites have one fixed DC voltage.

Can the PV array be larger than the MPPT controller’s
nominal power?

Only when the controller manufacturer explicitly permits that array size and the design
still satisfies maximum Voc, PV Isc/input-current, thermal and operating-window limits.

Allowed clipping is a product capability, not a general property that can be assumed for
every MPPT controller.
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Planned PV array oversizing can increase low-irradiance harvest and improve recovery
after a low-solar period, but it also increases the time the controller may operate at
current limit. The trade-off should be evaluated with the site’s time-series energy model,
battery recovery requirement, cabinet temperature and measured value of clipped
energy.

A Morningstar MPPT technical paper allows oversizing for specific product families while
requiring temperature-corrected minimum Vmp and maximum Voc checks. Its
percentages and current-limiting behaviour are vendor-specific. A current Victron
manual likewise instructs users to keep PV Voc within the selected charger’'s maximum
and to use its model-specific sizing calculator.

Do not assume output current limiting protects the input from excessive voltage. A
controller can clip output power and still be damaged if cold Voc or permitted PV short-
circuit current is exceeded. Record the manufacturer-approved array power and string
configuration for the exact model and software/firmware context.

Should a telecom site use one large MPPT controller or
several smaller controllers?

Use one controller when the array is electrically uniform and the single-device
failure/maintenance consequence is acceptable; use several when independent
orientations, shading zones, current limits, expansion stages or availability requirements
justify separate trackers and fault domains.

Decision factor One larger controller Several controllers
Electrical layout Suits one consistent array Can separate incompatible
orientation and string family orientations, module groups or
shading patterns
Failure consequence One controller outage removes all A fault may remove only the
connected PV conversion affected sub-array if protection
and bus design isolate it
Installation Fewer devices, communications More wiring and coordination, but
links and output branches potentially shorter PV runs or
phased expansion
Service Fewer settings and spares, but Common smaller modules may
replacement may be larger and simplify spares; settings and
less available locally firmware must remain consistent
Control One output limit and alarm source Requires current sharing, source

identification, alarm mapping and
coordinated battery limits

Multiple controllers do not automatically create redundancy. They must have

independent PV inputs, protected output branches and a bus/control arrangement that
keeps the remaining controller stable after one unit is isolated. A shared upstream or
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downstream component can remain the single point of failure.

Coordinate the controller with the telecom bus and battery

A selected telecom solar controller has to operate as part of the site’s power plant.
Confirm output polarity and voltage range, rectifier coexistence, battery charge profile,
BMS commands, load-disconnect policy, current sharing, source priority, alarm mapping
and the fallback state after communication loss.

ITU-T L.1211 (12/2025) addresses smart PV control for base-station sites, including DC
power architecture, voltage tracking and PV fault diagnosis. It supports treating the
controller as part of an observable system rather than a standalone charger; project
settings and interface details still require agreement.

For lithium storage, determine which device owns the final charge-voltage and charge-
current limit. The BMS may request derating or inhibit charge at a temperature or cell
limit. The MPPT controller must respond in a defined way if that command or
communication link is lost. Use the telecom lithium battery guide for battery-duty and
BMS selection; do not copy one chemistry’s charging profile into another.

IEC 62509:2010 specifies functioning and performance requirements for terrestrial PV
battery charge controllers used with lead-acid batteries. Its scope is useful evidence for
that application but should not be presented as a universal acceptance standard for
lithium storage or the integrated telecom site.

Turn the calculation into a verification record

The approved calculation should travel with the exact module schedule, controller
model, battery interface and settings file. A substitution is not “equal” until the cold/hot
voltage, current, power, thermal and control checks have been repeated.

1. Before procurement: freeze module/controller datasheets, string schedule,
temperatures, coefficient method, voltage/current calculations, derating curves,
allowed oversizing and battery limits.

2. During factory integration: verify model and firmware, terminal and
conductor ratings, branch protection, polarity controls, current limits, charge
profile, BMS/EMS communications, alarm points and cabinet thermal
assumptions.

3. At site before energization: inspect string count and polarity, compare
measured open-circuit voltage with the temperature-adjusted expectation, verify
approved isolation/protection and record torque and cable identification under
the project’s safe procedure.

4. During commissioning: trend PV voltage/current, controller output, bus
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voltage, battery current, load current, temperature, limiting state and alarms
through start-up, charging, source transfer and communication-loss tests.

5. After handover: retain maximum observed PV voltage, time at current limit,
thermal derating events, daily yield, availability and fault history so the design
assumptions can be checked against operation.

Do not test overvoltage by intentionally exceeding the controller rating. Validate
protective and alarm behaviour using the manufacturer’s approved method or a safe
simulated signal where the design supports it. Record instruments, calibration status,
environmental conditions and acceptance criteria.

The Morningstar string calculator illustrates the value of using battery limits, site
temperatures, module data and controller data together. Use the sizing tool provided for
the controller actually selected, and preserve its input assumptions and output rather
than keeping only a “pass” screenshot.

Standards and technical references

e |[EC 62548-1:2023 — PV array wiring, protection, switching, earthing and DC-to-
DC conditioning provisions.

e |[EC 62509:2010 — functioning and performance of PV battery charge controllers
in its stated lead-acid scope.

e NREL: Solar Photovoltaic DC Systems — temperature-dependent string-voltage
design considerations.

e |ITU-T L.1211 (12/2025) — smart PV control and fault diagnosis for base-station
sites.

e Morningstar MPPT sizing paper and Victron SmartSolar manual — vendor-specific
operating-window, input-limit and oversizing examples.

Check the applicable edition, local electrical rules, operator specification and exact
product manual at design release. The formulas in this guide are engineering screens;
final equipment selection remains configuration-specific.

Send the string calculation, not only the array wattage

Provide Huijue with the module datasheet, series/parallel schedule, site temperature
basis, preliminary PV power, battery/bus voltage window, maximum charge current,
cabinet environment, altitude, other charging sources, communication requirements and
redundancy target. Our engineering team can review the MPPT boundary as part of the
integrated telecom energy configuration.

Request an MPPT configuration review

Powered by The Solar Telecom



Page 11/11

-

HUIJUE GROUP

Related engineering resources

Telecom Solar Power Systems
Telecom Solar and Battery Sizing
Lithium Batteries for Telecom Sites
Telecom Energy Monitoring KPlIs

Contact Us

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

How to Size an MPPT Charge Controller for a Telecom Solar System
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