-

HUIJUE GROUP

B e e e R
D = 4

r_f
i

_1
M
2]
=
o
=
Q
(mp
o
-]
Q
>
o
=
D
0n
D
=
<
(0}
=
(0}
(@]
o
<
D
=
<
| S
)]
Lt
D
D
=2

Powered by The Solar Telecom



n-! Page 2/9

HUIJVE GROVP

PRODUCT KNOWLEDGE

How Telecom Battery Backup Systems Support Grid
Outages

Follow the operating sequence from grid-loss detection and battery takeover through
load control, generator support, source restoration and reserve recovery.

Updated August 26, 2026Grid-outage operating sequenceApprox. 12 minute read
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Sequence test

Project inputs At t = 0, the utility source falls outside its accepted range. The radio load
cannot wait for a generator to crank, stabilize and connect. In a common continuously
connected DC plant, the battery begins supporting the DC bus as rectifier output falls;
the controller records the source event, applies the reserve policy and decides whether a
longer-duration source is needed.

That short sequence sounds simple until the site encounters a voltage sag instead of a
full outage, a battery that limits discharge, an automatic transfer switch that chatters, a
generator that fails its first start, or grid power that returns for only a few seconds. A
reliable telecom battery backup design defines each of those branches before
commissioning.

The service outcome depends on the state transitions between components.
Passing separate tests for the battery, rectifier and generator does not prove
that the site will ride through a real grid outage.

What happens when grid power fails at a telecom site?

The site first preserves the critical load, then validates the source failure and moves
through a pre-approved recovery sequence. The exact current path depends on whether
the load is supplied by a parallel DC plant, a switched DC source, an online UPS, an
inverter-backed AC bus or a mixed AC/DC architecture.
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For a conventional telecom DC plant, AC utility power feeds modular rectifiers. The
rectifiers maintain the DC bus, carry the live load and hold the battery at its approved
standby or charge condition. When their AC input disappears, rectifier current decays. A
battery connected continuously to the same bus supplies the deficit according to its
terminal voltage, internal impedance, conductors and protection. The controller’s grid-
fail timer confirms the event for alarms and later decisions; it does not create the
electrical continuity.

ETSI TS 102 121 V1.4.1 distinguishes floating or parallel DC operation, where rectifier
and battery remain continuously connected to the equipment, from switched DC
arrangements and multiple AC UPS modes. This is why “transfer time” cannot be copied
between sites without first identifying the architecture.

The source detector should distinguish conditions that the project treats as unavailable:
complete loss, phase loss, unacceptable voltage or frequency, and possibly repeated
short interruptions. Input thresholds and validation delays must suit the grid, rectifier
and transfer equipment. Excessively sensitive settings create nuisance starts and
contactor wear; settings that are too tolerant can leave auxiliaries on a damaging source
or delay escalation.

How does the battery take the load without an intentional
transfer delay?

It can do so when the battery is already connected in parallel with the DC load. As
rectifier output falls below the load demand, battery current rises through the existing
current path; there is no separate AC-style transfer command between the battery and
the DC bus. A switched battery, UPS, inverter or contactor-based design behaves
differently and needs its own measured interruption limit.

The phrase battery load transfer is therefore convenient but can be electrically
misleading. In parallel operation, the key acceptance values are the minimum bus
voltage, peak battery current, current-sharing behavior and any transient at the load
terminals. In switched operation, actual detection, opening, closing and energy-storage
transition times also matter.

During the first seconds of discharge, four boundaries determine whether continuity is
real:

e DC interface: the lowest transient and steady bus voltage must remain inside
the connected equipment’s approved input window.

e Power path: battery modules, BMS, contactors, branch protection, busbars,
cables and terminals must carry the actual critical-load current.
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e Local protection: the BMS and DC plant must respond predictably to low cell
voltage, overcurrent, temperature limits or loss of battery communication.

e Load policy: noncritical auxiliaries should remain supplied, be delayed, or shed
only as defined in the operating-state schedule.

Low-voltage disconnects are a last line of load and battery protection, not a substitute
for normal reserve control. Where more than one disconnect level is used, assign loads
by service consequence and confirm reconnect behavior. An automatic reconnect that
restores a large auxiliary load as soon as voltage rebounds can cause repeated collapse.
The telecom DC distribution guide owns branch protection, conductor and disconnect
coordination; this article treats those devices as participants in the outage state
machine.

When should a generator start during a grid outage?

A generator should start when the approved operating logic predicts that battery-only
support will no longer protect the required reserve or outage duration. The command
may consider validated grid loss, elapsed time, battery state, load, repeated
interruptions and equipment faults; it should not rely on one universal state-of-charge or
voltage threshold.

Good generator start logic separates the reason for starting from the conditions for
accepting generator power. A start request begins cranking. The site then checks
successful engine operation and qualifies generator voltage and frequency before an
ATS or input contactor connects it. Rectifiers should ramp within the generator’s
permitted step load and power limit, serve the live load first, and recharge the battery at
a controlled current.

Unsafe assumption

Decision point Questions to freeze

Start request

Cranking

AC qualification

Rectifier loading

Stop permission

Which combination of grid timer,
reserve, load, BMS state and fault
creates the request?

How many attempts are allowed,
what pause separates them, and
which alarm follows failure?
Which voltage, frequency, phase
and stability conditions permit
connection?

How are telecom load, battery
charging and auxiliaries limited or
staged?

Which reserve, minimum-run,
cooldown and source-stability
conditions must be true?

One voltage threshold represents
remaining energy in every
temperature and load condition
The generator always starts on
the first attempt

Engine running proves that
acceptable electrical power is
available

Rectifier nameplate sum can be
applied instantly to any genset

A momentary grid return is
enough to stop backup power

If the generator fails to start, local logic should protect the remaining reserve, retry only
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within the approved sequence, shed permitted loads and raise a critical alarm with an
estimated intervention window. If battery state information is unavailable, the design
needs a conservative local fallback based on validated measurements rather than
indefinite operation on stale SoC data.

The solar, storage and generator control guide owns fuel-saving dispatch, source priority
and economic operation. For a grid-backup site, continuity remains the first objective:
optimization must never consume the reserve needed to survive the next credible
failure.

What should happen when grid power returns?

The site should qualify the returning grid, transfer or reload it without disturbing critical
service, release the generator through its approved run-down sequence, and restore
battery reserve within the specified recovery time. A single healthy voltage sample is
not sufficient evidence that the grid has stabilized.

A defensible power restoration sequence includes an adjustable retransfer delay or
stability window appropriate to the site. It prevents rapid source changes when a weak
grid repeatedly returns and fails. If an ATS is present, its transition method, interlocks
and source-availability logic must match the installation. For a DC plant whose rectifiers
simply regain input power, rectifier current ramp and battery charge limits still need
control.

1. Qualify utility power. Confirm the defined voltage, frequency and phase
conditions for the complete stability interval.

2. Restore the primary source. Transfer the accepted AC input or allow rectifiers
to ramp while the battery continues to support any shortfall.

3. Protect the generating set. Remove load and complete the manufacturer-
approved cooldown and stop sequence; retain failed-stop or abnormal-condition
alarms.

4. Recover reserve. Carry the telecom load while charging within the battery,
rectifier, grid connection and thermal limits.

5. Stage optional loads. Reconnect shed cooling, lighting or other auxiliaries only
after the bus and source are stable.

6. Close the event. Clear alarms by state, not merely by elapsed time, and
preserve the full timestamped record.

Recharge power is often the hidden constraint. The AC source and rectifier shelf must
carry the live site while returning energy to the battery. If the next outage can occur
before reserve recovery, specify a maximum recovery time and check it under realistic
load and temperature. The numerical capacity and recovery calculation belongs in the
separate backup-time guide; this operating sequence defines the inputs that calculation
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must respect.

Which alarms prove that the backup sequence worked?

No single alarm proves success. Operators need a time-aligned event chain showing
source loss, rectifier response, battery discharge, generator commands and outcomes,
bus condition, load actions, source return and reserve recovery. Alarm names without
timestamps, severity, set/clear state and measured context leave the outage open to
guesswork.

The required grid outage sequence should be visible both locally and at the NOC. At
minimum, consider grid availability and quality, rectifier input/output, DC bus voltage,
total and branch current where available, battery current and temperature, BMS limit or
trip, SoC with its quality flag, low-voltage disconnect state, generator start request,
running and failed-start state, generator electrical qualification, ATS position, load-shed
state and communication health.

ITU-T L.1397 defines monitored information for telecom battery units and systems,
including voltage, current, temperature, state estimates, alarms, configuration and
identity. It also distinguishes alarms from state-change events. That distinction matters:
a normal transition into battery discharge is an event; a battery that cannot deliver the
commanded current may be an alarm.

Use one trusted time source across the site controller, rectifier, BMS, generator
controller, ATS and remote platform. Preserve the original local timestamp when
buffered events are uploaded after a WAN outage. The telecom energy monitoring KPI
guide explains how to convert those records into availability, maintenance and OPEX
evidence.

Freeze the operating-state table before commissioning

A written state table is the handoff between design intent and controller configuration.
Give every state a clear entry condition, permitted sources, load policy, battery limits,
exit condition, alarm response and safe fallback. Names can differ by platform, but
ambiguous transitions cannot.

State Expected power path Exit condition Evidence retained

S0 — Grid healthy Rectifiers carry the load; Grid leaves its accepted Source quality, bus
battery remains within window for the validation values, charge state and
the approved standby or condition readiness
charge regime

S1 — Battery ride- Battery supports the Grid recovers and Bus minimum, battery

through critical DC load; qualifies, or escalation current, reserve estimate
approved auxiliaries criterion is met and load state
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State Expected power path Exit condition Evidence retained
follow the outage policy
S2 — Generator Battery continues Generator qualifies, grid  Start reason, attempts,
requested support while the qualifies, or start crank timing and failure
generator cranks and AC sequence fails code
output is checked
S3 — Generator Rectifiers serve the load Grid qualifies and Generator power,
supplying and recover reserve minimum run conditions rectifier current, battery
within the generator are satisfied charge and fuel/run data
loading limit
S4 — Grid retransfer Primary source returns;  Primary source and DC Transfer timing, bus
generator unloads and bus remain stable excursion, ATS or input
cools down; battery through the confirmation state and stop result
remains available period
S5 — Reserve recovery  Primary source carries Required reserve and all Recovery time, delivered
load plus controlled readiness conditions are charge, temperatures
charging; optional loads restored and unresolved alarms

return by priority

Add explicit fault substates for battery protection, low reserve, generator failed start,
ATS disagreement, rectifier shortfall, controller reset and remote-communications loss.
Local continuity must not depend on a cloud command arriving during an outage. After a
controller reboot, the site should derive a deterministic safe state from real source and
equipment conditions rather than assume it has returned to SO.

Commission the sequence, not just the components

Factory and site acceptance should create controlled disturbances and compare the
measured sequence with the approved state table. Testing only a manual generator
start or reading an open-circuit battery voltage misses the transitions most likely to
affect service.

Run a representative test set:

e Interrupt or move the grid input outside its accepted range while recording DC
bus voltage and current at sufficient resolution.

e Confirm that the battery supports the declared critical load and that permitted
load shedding occurs once, in the correct order.

e Exercise generator start, one permitted failed-start branch, AC qualification,
transfer or rectifier loading, and charge-current limiting.

e Restore an unstable source briefly to verify anti-chatter behavior, then restore a
stable source and observe retransfer.

e Confirm generator unload, cooldown and stop, followed by battery reserve
recovery and staged load reconnection.

¢ Remove the remote communications path and, where approved, simulate
controller or battery-communication loss to verify local fallback.
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e Reconcile waveform or high-speed logger data with controller, BMS, ATS,
generator and NMS timestamps.

The acceptance record should state the tested load, source condition, battery
temperature and starting reserve, configuration and firmware versions, instrument
identity, bus minimum, battery peak current, start and transfer times, alarms, pass/fail
limits and corrective actions. Retain the as-left settings rather than only screenshots of a
successful test.

Project boundary. This guide does not prescribe universal voltage, frequency, SoC,
delay, generator loading, retry, low-voltage disconnect or recharge settings. Final values
require the approved architecture, actual load and source records, battery and
generator limits, equipment interfaces, operator availability target and destination-
market requirements.

Turn the outage requirement into a testable sequence

For a Huijue review, send the one-line diagram, time-based critical and auxiliary loads,
grid-event history, battery data, rectifier and generator ratings, ATS arrangement,
required reserve, monitoring point list and recovery objective. The engineering team can
map those inputs into a coordinated operating-state and acceptance schedule.

Submit the outage-sequence inputs

Related engineering resources

Telecom Lithium Battery Systems
Telecom Rectifier System Guide

Solar, Storage and Generator Control
Telecom Energy Products and Services

Contact Us

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