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Translate source priority, protected battery reserve, load hierarchy and alarm response
into control logic that remains predictable during failures and recovery.
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Specify bid deliverables “Solar first, battery second, generator last” sounds like an
energy strategy, but it is not yet executable control logic. It does not say when a source
becomes eligible, how long a reading must remain stable, how much battery must be
held for the next outage, what to do after a failed generator start, or when normal
operation may safely resume.

A useful telecom energy management system turns those missing decisions into
deterministic operating states, transition conditions and fallback actions. Its first duty is
service continuity within equipment and safety limits. Energy cost, renewable utilization
and reduced generator runtime matter, but they cannot silently consume the reserve or
defeat protection needed by the site.

What does a telecom energy management system control?

A telecom energy management system decides which qualified source supplies each
load group, when the battery charges or discharges, when a backup source is requested,
and how the site moves between normal, constrained, outage and recovery modes. It
should also record why each transition occurred and keep protection functions
independent of optimization commands.
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The control boundary normally spans source contactors or converter setpoints, rectifier
and solar-controller coordination, battery charge and discharge permissions, generator
start/stop requests, selected cooling modes, and prioritized DC or AC load branches. The
exact boundary is project-specific: a controller may command an integrated power plant
directly, exchange limits with a battery management system, or only issue a dry-contact
request to a separate generator controller.

Control is different from monitoring

Monitoring proves what the site sensed and reported. Control changes an operating
state. The telecom site monitoring system guide owns the signal path, point semantics
and alarm workflow; this guide owns the decision logic that uses qualified inputs to
command sources and loads.

ITU-T L.1380 defines smart energy as autonomous combination of energy supplies
according to source and load conditions, and describes PV-grid, PV-remote-power and PV-
generator operating examples. The in-force ITU-T L.1380 recommendation is a useful
architecture reference, but it is not a ready-made setting file for a particular battery,
generator or network SLA.

Set service constraints before choosing a source order

The controller should receive a hierarchy of constraints, not one slogan. A practical order
begins with electrical and battery protection, continues with the service target for
protected telecom loads, preserves a defined recovery margin, and only then optimizes
renewable use, tariff exposure or generator runtime.

1. Stay inside equipment limits. Respect permitted input-voltage windows,
converter current limits, battery charge and discharge limits, temperature
restrictions, contactor interlocks and protection trips.

2. Preserve the protected service. Identify the load group whose interruption is
unacceptable for the specified autonomy interval.

3. Maintain recoverability. Keep enough available power and energy to start a
generator, reconnect a weak grid without overload, recharge at a controlled rate
and survive a failed transition.

4. Optimize operation. Use solar, tariff windows, peak shaving or generator
scheduling only within the first three constraints.

This order prevents an energy-saving objective from becoming an availability defect. A
cheap tariff period does not justify unrestricted recharge current if the grid connection is
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weak. High solar output does not make PV “available” if bus voltage, converter
temperature or communications confidence is outside the project’'s acceptance band. A
battery with a high displayed state of charge may still be unavailable because its BMS
has limited discharge or opened a contactor.

How should grid, solar, battery and generator sources be
prioritized?

Prioritize only sources that are electrically available, stable for the required qualification
time and permitted by protection and control interlocks. Among those eligible sources,
choose the order that satisfies the site’s service requirement and operating objective;
there is no universal sequence for every grid condition, tariff, climate or generator
contract.

The source control logic should separate eligibility from preference. Eligibility answers
“may this source be connected now?” Preference answers “which eligible source should
carry the next watt?” Combining both into one priority number hides the reason a source
was rejected and makes commissioning difficult.

Source Typical eligibility Useful preference inputs Reasons to block or limit
evidence
Grid Voltage and frequency Tariff, connection limit, Undervoltage,
inside the approved reliability class, overvoltage, repeated
window for a stable permitted recharge dropout, phase fault,
qualification period power breaker trip or upstream
capacity limit
Solar PV Converter healthy, PV Renewable-utilization Converter alarm,
voltage in operating target, curtailment rule, insulation or protection
range and usable power load and recharge event, thermal derating,
available demand low irradiance or full
battery with low site load
Battery Contactor closed or Reserve target, tariff Low reserve,
closable, BMS permission strategy, peak-shaving temperature limit,
present and bus path request, expected current limit, cell
healthy outage duration protection,

communication
confidence or
maintenance isolation

Generator or other Ready state, fuel or Minimum run time, Failed start, unstable

backup energy available, recharge target, noise or voltage or frequency,
successful start and operating-hour lockout, low fuel, cooling
stable output before restriction, maintenance fault or unavailable
transfer schedule transfer path

ITU-T L.1210 (12/2025) addresses multi-input telecom powering, backup, power
availability management and the use of renewable, grid, storage and generator sources
under different operating conditions. It also notes that backup capability must be
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considered with changing load. The current ITU-T L.1210 recommendation supports the
system boundary; the project still has to define source quality windows, timers, reserve

and failure behavior.

Turn priorities into an operating state machine

A state machine makes the control philosophy reviewable because each state has an
entry condition, allowed commands, exit condition, timeout and fallback. It also prevents
several independent “if” rules from issuing contradictory commands to the same

contactor or converter.

Operating state

Normal supplied

Renewable supported

Source outage

Reserve protection

Recovery

Degraded or manual

Controller objective

Serve all authorized
loads and manage
recharge within input
and battery limits

Use available PV without
destabilizing the bus or
violating charge limits

Hold protected loads on
storage while qualifying
recovery or requesting

backup

Preserve the remaining
energy for the highest-

priority load group

Reconnect loads and
recharge without causing
a second collapse

Hold a safe, documented
configuration when
automation lacks
trustworthy inputs or has
been authorized out of
service

Representative entry
condition

Preferred firm source
qualified; no blocking
protection

PV converter healthy and
usable PV power
confirmed

Firm source rejected
after dropout filtering

Usable reserve reaches
the project trigger or
time-to-reserve falls
below the response
horizon

Returning source passes
stability and capacity
checks

Critical data invalid,
actuator feedback
disagrees, repeated
transition failure or
approved maintenance
override

Required exit evidence

Source quality lost,
demand exceeds limit or
a higher-priority
constraint appears

PV falls below a
sustained threshold,
curtailment required or
converter becomes
ineligible

Another source becomes
stable and transfer
conditions are satisfied

Firm source restored,
authorized backup
connected or controlled
shutdown completed

Recharge, source margin
and staged load
restoration meet normal-
state conditions

Fault cleared, command
authority restored and an
explicit return-to-auto
sequence completed

Every transition needs hysteresis or separate entry and recovery thresholds where the
measured value can hover near a boundary. Add debounce time for noisy source-quality
inputs, minimum run and rest times for generators, recharge-current ramping, and a
maximum retry count. The event record should preserve measured inputs, active limits,
previous state, commanded action, actuator feedback and the resulting state.
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Do not let communications loss rewrite the state machine

Loss of the NOC link should not leave the site without local source protection or a basic
autonomous fallback. Define which functions continue locally, which optimizations
freeze, how long the last approved schedule remains valid, and which remote commands
expire automatically.

How much battery reserve should the controller protect?

Protect enough usable battery energy to carry the defined critical load through the
required reserve period under end-of-life capacity, site temperature, discharge-path
efficiency and uncertainty assumptions. The reserve trigger is therefore a project
calculation and operating policy, not a universal state-of-charge percentage.

Required usable battery energy = (protected load x protected duration) + discharge-
path efficiency

Then check the result against end-of-life capacity, temperature derating, BMS limits,
transient demand and uncertainty in the state estimate.

A workable battery reserve policy separates several energy purposes. Outage reserve
protects the service target. Start reserve covers the interval before a generator or
alternate supply is stable. Recovery margin prevents immediate re-entry into an outage
after a brief source return. Energy allocated to tariff shifting or peak shaving is usable
only above those protected layers.

The control trigger may use a qualified state-of-charge estimate, measured bus voltage,
discharge current, remaining-runtime estimate or a combination. Each has limits.
Voltage alone is load- and chemistry-dependent; state of charge is an estimate; a
runtime estimate depends on the present and forecast load. For the underlying
autonomy calculation, use the assumptions and validation steps in the telecom battery
backup-time calculation guide .

Reserve also has to influence recharge. After an outage, maximum charging may
overload a weak grid connection or consume generator capacity needed by the live
telecom load. Specify a load-first charging limit, a generator loading band, the target at
which optional loads may return, and the reserve at which economic cycling becomes
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available again.

Shed loads by service consequence, not wiring
convenience

Load groups should be defined by what happens when they are disconnected and how
safely they can return. A branch is not automatically non-critical because it is an
auxiliary circuit. Cooling, for example, may be deferrable at low ambient temperature
but essential when enclosure temperature is approaching an equipment limit.

The load shedding priority can be expressed as four functional groups: protected
telecom and transmission loads; conditionally essential support loads; deferrable loads
such as selected lighting or convenience outlets; and prohibited or maintenance-only
loads. Each group needs a trip condition, restoration condition, maximum off time where
relevant, and confirmation that reconnection inrush will not collapse the recovering
source.

e Stage 0: no shedding; restrict discretionary battery charging or export first.

e Stage 1: remove approved deferrable loads while retaining environmental
protection.

e Stage 2: reduce conditionally essential loads only under their own thermal or
operational envelope.

e Stage 3: preserve the final protected group or execute an orderly shutdown
where continuing discharge would defeat battery protection.

Staged restoration is as important as staged shedding. Restore one group, observe bus
and source margin for the approved delay, then permit the next. If the voltage, current
or source-quality margin fails, the controller should return to the previous stable state
and record the blocked restoration.

What happens when a preferred or backup source fails?

The controller should reject the failed source, keep the last safe supply path, run a
bounded retry sequence where permitted, and move to the defined fallback state before
the remaining reserve is exhausted. A failed start or failed transfer must create both an
operational response and a diagnosable event record.

For a generator request, define start acknowledgement, crank duration, rest time,
maximum attempts, warm-up, voltage and frequency qualification, transfer permission,
minimum run time, recharge target, cool-down and stop confirmation. If the generator
reaches rated output but the transfer device does not confirm position, the state is not
“generator supplied”; it is a transfer failure requiring another safe path.
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For grid recovery, require a stability interval before transfer and a separate hold period
before high-rate battery charging or broad load restoration. For intermittent solar
recovery, use sustained usable power rather than a single irradiance or voltage sample.
Proper automatic source transfer logic avoids rapid cycling by making recovery
deliberately slower than fault rejection.

Controller and sensor failures also need a policy. If source voltage is trustworthy but a
tariff schedule is missing, the site may continue in a conservative local mode. If actuator
feedback is inconsistent with the command, optimization should stop and the system
should hold or isolate the path defined by the electrical design. “Communications alarm”
alone is not enough to decide which contactor is physically safe.

Bound alarms, overrides and remote commands

An alarm reports a condition; a protection function enforces an equipment limit; a
supervisory command requests an allowed state. Keep those roles separate in the cause-
and-effect matrix. A low-reserve alarm may request load shedding, but the battery’s
independent undervoltage or BMS protection still owns the final protective action.

Every automatic action should list the initiating condition, input quality requirement,
time delay, permitted state, commanded output, feedback point, success timeout,
fallback, alarm severity and reset rule. Latching protection events should not be cleared
merely because a remote operator acknowledges the notification.

Remote and local overrides need named authority and an expiry rule. Record who or
what issued the command, the reason, the start time, the allowed duration and the state
to which the system returns. A maintained “manual” bit with no time limit can quietly
disable the intended reserve or renewable strategy for months.

A concise command rule
Remote optimization may narrow operation inside the approved safety envelope. It

should not expand battery, source, temperature or protection limits beyond the values
accepted for the equipment and site.

How should the control sequence be proven before
deployment?

Prove the sequence by forcing each important transition, capturing the controller’s
inputs and outputs, and comparing the event trace with the approved state table. A
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screen showing “normal” is not evidence that failure detection, timing, fallback and
recovery work in the right order.

1.

Freeze the test baseline. Record firmware, parameter version, wiring revision,
simulated or real source limits, battery constraints and load-bank configuration.

. Start from a known state. Confirm source eligibility, load groups, battery

condition, command authority and actuator feedback before introducing the
event.

. Apply one controlled disturbance. Examples include grid undervoltage, PV

loss, weak-grid capacity limit, low reserve, generator failed start, transfer
feedback failure or loss of the remote link.

. Measure the transition. Capture detection time, command time, transfer

interruption where applicable, bus response, load state, alarms, retry count and
final state.

. Test recovery separately. Restore the source and verify stability delay,

recharge ramp, staged load return, anti-cycling and return-to-auto behavior.

. Retain the exception. A failed step requires a corrected configuration and

repeat record; do not replace the failed evidence with only the final successful
screenshot.

A focused sequence test belongs in this control guide. The complete factory inspection

order,

document pack and witness process belong to the planned telecom power-system

FAT article, so the two owner URLs do not compete.

Return a control philosophy with every bid

A component list cannot show how a multi-source site will behave. Require the supplier
or integrator to return a control philosophy that can be compared line by line and later
converted into acceptance tests.

Site source diagram and the exact command boundary for each converter,
breaker, contactor and external controller

Source eligibility windows, qualification delays, rejection thresholds and recovery
hysteresis

Operating-state table with entry, action, timeout, exit and fallback for every state
Battery reserve layers, calculation assumptions, charge limits and permission
exchange with the BMS

Load-group schedule with shedding and staged-restoration conditions

Generator or alternate-source start, transfer, retry, run, recharge and stop
sequence

Cause-and-effect matrix for alarms, protection trips and automatic commands
Local, NOC and maintenance command authority, including override expiry and
return-to-auto
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e Parameter register, firmware identity, event-record fields and version-control
method

e Transition test cases, expected results and records to be retained for FAT and
site commissioning

Project engineering remains necessary

This framework does not select universal thresholds. Confirm the actual source voltages
and frequency, DC load window and polarity, battery chemistry and BMS limits,
generator and transfer interfaces, protection coordination, climate, grid behavior,
service target and permitted remote-control functions for the project.

Convert the site priorities into an auditable control
sequence

Send the source diagram, protected and deferrable loads, outage target, battery data,
generator interface and operating constraints. Huijue can use those inputs to review the
cabinet-level power architecture and define the control questions that must be resolved
before configuration and acceptance.

Submit the energy-control inputs

Related engineering resources

Telecom Site Monitoring Systems

Solar, Storage and Generator Control
Telecom Battery Backup-Time Calculation
Telecom Battery BMS Alarms

Contact Us

For catalog requests, pricing, or partnerships, please visit:
https://www.thesolartelecom.com
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Telecom Energy Management: Source Control, Battery Reserve and Alarms
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