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PRODUCT KNOWLEDGE

Telecom Battery Backup Time Calculation: Load,
DoD, Temperature and Aging

Calculate installed battery energy from the outage load profile, usable state-of-charge
window, path efficiency, minimum temperature, end-of-life capacity and recovery duty.

Updated August 26, 2026Battery capacity calculationApprox. 13 minute read
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Project calculation 12 kWh divided by a 3 kW load equals four hours. The arithmetic is
correct, but the result is not yet a telecom autonomy guarantee. Nameplate energy may
include charge that the controller will not release, capacity unavailable at the design
temperature, capacity lost by end of life, and energy consumed before it reaches the
critical load.

A defensible battery backup time calculation starts with the load energy required
during the declared outage and works backward to installed capacity. It then checks
whether the proposed modules can deliver the required power without crossing the

load’s minimum voltage or the battery’s current and protection limits.

Energy establishes the first capacity screen. Manufacturer discharge data, the
complete DC voltage window and a measured duty test decide whether the
selected battery can actually meet it.

How is telecom battery backup time calculated?

For an initial screen, integrate the backed-up load over the autonomy period, then divide
that energy by the path efficiency, usable state-of-charge window, minimum-
temperature capacity factor and end-of-life capacity factor. Apply any justified design
uncertainty once, as a separate numerator factor.
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E_load = 2(P_i x At i)
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E_nominal,required = (E_load x f margin) + (n_path x f window x f temperature x

f EOL)

Estimated runtime = (E_nominal,installed x n_path x f window x f temperature x

f EOL) + P_load

Use kilowatts for P, hours for time and kilowatt-hours for energy. For a constant load, the
first equation reduces to E;,uq = Pioag X t. For a changing load, divide the outage into
intervals and sum the energy. Keep every correction factor dimensionless between 0
and 1, except f,qin, Which is 1 or greater.

Term
IEload

r]pa‘ch

fwindow

ftemperature

fEOL

fmargin

Meaning

Energy delivered to all loads that
remain active during the defined
outage

Efficiency between battery
terminals and the declared load
boundary

Permitted starting SoC minus the
protected stopping SoC,
expressed as a fraction

Fraction of reference capacity
available at the minimum design
cell temperature

Specified capacity fraction at the
replacement or end-of-life
criterion

Explicit allowance for quantified
load uncertainty or near-term
growth

Evidence required

Interval measurements or an
approved mode-based load
schedule

Cable, protection and conversion
losses at the relevant power and
voltage

Reserve policy, controller settings
and product operating limits

Released discharge data at the
required duration and cut-off

Approved design criterion,
warranty boundary and capacity-
test method

Growth forecast and the
uncertainty the factor is intended
to cover

ETSI EN 302 099 V2.2.1 treats telecom/ICT backup as a constant-power duty, requires
ageing and minimum-temperature effects to be considered, and directs the designer to
manufacturer tables or sizing tools. Its Annex B is written for access-network
applications, so use the method as relevant guidance and define the actual autonomy
from the operator’s service requirement.

Which load should be used in the battery calculation?

Use the maximum credible time-based load that the battery is required to support,
measured or modelled at a clearly stated electrical boundary. Include only equipment
that remains energized in each outage stage, but include its real conversion, distribution
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and environmental support burden.

Good telecom battery sizing therefore begins with an operating-mode schedule, not a
rectifier-shelf nameplate. A base station can change power with traffic, carrier activation,
radio configuration, cooling state and load shedding. Shared sites also add or remove
tenant loads on different dates. Use interval data from a representative period and
reconcile it with equipment inventories so an inactive meter channel is not mistaken for
spare capacity.

Load block Question for the outage model Common error

Radio, baseband and transport What power is required at the Using the quiet-hour average for a
declared traffic and network daytime outage
configuration?

Cooling or heating Which thermal equipment Excluding a backed-up fan, heater
remains active, cycles, starts later or DC air conditioner
or sheds?

Security, monitoring and lighting  Which cameras, controllers, Calling every auxiliary negligible
routers and safety loads are without measurement
continuity-critical?

Conversion and distribution Are inverter, DC/DC, cable and Applying an efficiency factor after
protective-device losses already  losses have already been
inside the measurement measured
boundary?

Future tenants or carriers Which committed additions must Adding a generic margin with no
be supported within the battery expansion schedule
design life?

Define load shedding in the same schedule. If the site carries 2.4 kW for the first 30
minutes and then sheds a 0.6 kW auxiliary, the energy calculation should use two
intervals rather than four hours at either extreme. The grid-outage operating-sequence
guide owns the trigger and recovery logic; this page converts the approved sequence
into an energy duty.

For solar-cycling or fully off-grid sites, autonomy is only one part of an hourly energy
balance. Use the telecom solar-system sizing workflow to model seasonal generation
and repeated charge-discharge cycles. The screening equation here is intended for a
defined backup event.

How do DoD, temperature and aging change required
capacity?

They reduce the fraction of nameplate energy available to the protected load. A smaller
usable SoC window, lower cold-temperature capacity or lower end-of-life capacity

therefore increases the installed energy needed for the same load and autonomy.

Usable battery energy should be based on the permitted starting and stopping states,
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not a chemistry-wide depth-of-discharge rule. If the battery normally starts an outage at
90% SoC and the controller protects 20% as the floor, fingow IS 0.70 before considering
other factors. A commercial peak-shaving function must not consume the emergency
reserve assumed by the calculation.

The temperature derating factor should come from product discharge data at the
lowest credible cell temperature, required power or rate, discharge duration and end
voltage. Cold conditions can reduce immediately available capacity and permitted
current. High temperature may not reduce short-duration energy in the same way, but it
can accelerate ageing and impose BMS or thermal limits; do not replace those two
effects with one guessed percentage.

A battery aging factor represents the capacity the system must still deliver at its
specified replacement point. An 80% end-of-life criterion is common in some stationary
practices and appears as general guidance in ETSI EN 302 099, but it is not a universal
value for every chemistry, warranty or operator. State the criterion and how it will be
verified.

ITU-T L.1221 evaluates stationary telecom batteries against a defined application,
including discharge-rate capability, life at a stated temperature, cycling conditions, end-
of-life capacity, partial-charge behavior and environmental criteria. Its example values
are explicitly application-dependent; they should not be copied into an RFQ as default
Huijue ratings.

Path efficiency belongs to one boundary only. If E,,,q comes from a meter at the battery
output and already includes downstream losses, set np,:, accordingly rather than
subtracting those losses twice. If the measurement is at the radio load, add the
intervening cable, protection, DC/DC or inverter losses using evidence at the relevant
operating point.

A worked four-hour telecom backup calculation

Consider a hypothetical grid-connected site; these are calculation assumptions, not a
Huijue product rating. The critical load is 2.4 kW for the first 0.5 hour. A permitted
auxiliary then sheds, leaving 1.8 kW for the remaining 3.5 hours.

Input lllustrative value Boundary
Outage load energy (2.4 kW x 0.5 h) + (1.8 kW x 3.5 Energy at the declared critical-
h) = 7.50 kWh load boundary

Path efficiency 0.96 [llustrative battery-to-load
efficiency

Usable SoC window 0.80 Approved start minus protected
stop

Minimum-temperature factor 0.90 lllustrative factor to be replaced

by product data

Powered by The Solar Telecom



n-! Page 6/9

HUIJUE GROUP

Input lllustrative value Boundary

End-of-life factor 0.80 lllustrative replacement criterion

Load uncertainty factor 1.10 Documented 10% design
allowance

E_nominal,required = (7.50 kWh x 1.10) + (0.96 x 0.80 x 0.90 x 0.80)

E_nominal,required = 14.92 kWh

The 14.92 kWh result is a nameplate-energy screen under the stated factor model. It is
not permission to select the nearest catalog total. The candidate module count must still
deliver at least 7.50 kWh to the load at the specified temperature, discharge duration,
voltage cut-off and end-of-life condition, while satisfying current, BMS and redundancy
requirements.

Sensitivity shows where evidence matters. With every other assumption unchanged,
reducing the temperature factor from 0.90 to 0.80 raises the screen from 14.92 kWh to
16.79 kWh. Changing the end-of-life factor from 0.80 to 0.70 raises it to 17.05 kWh.
Reducing the usable SoC window from 0.80 to 0.70 also gives 17.05 kWh. Those are
arithmetic consequences, not recommended project factors.

Round only after matching the result to real module increments, parallel-unit limits,
enclosure space and maintenance policy. If the service requirement includes one battery
module unavailable, repeat the capacity and power checks with the largest permitted
unit removed; adding one module after the calculation may not provide true one-unit-out
coverage.

Can ampere-hours be converted directly into backup time?

Only as a rough screen when the voltage basis, discharge rate, temperature, end
voltage and product rating conditions are known. Ampere-hours alone do not state how
much energy reaches a constant-power telecom load over its full voltage range.

Screening energy (Wh) = rated capacity (Ah) X appropriate average discharge voltage
(V)

Battery current for a constant-power load = P_load + (V_battery x n_path)

As battery voltage falls, a regulated constant-power load draws more current. A 2.4 kW
load supplied at an illustrative 44 V through a 96% efficient path requires about 56.8 A
from the battery. The calculation must verify that the battery, BMS, contactors, fuses or
breakers, busbars, terminals and conductors can support that current at the end of
discharge.
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Lead-acid capacity varies materially with discharge rate and cut-off voltage, so use the
supplier’s constant-power or discharge-rate tables rather than one Ah label. Lithium
modules can maintain a flatter voltage for much of the discharge, yet the BMS may
derate or disconnect on cell voltage, current, temperature or imbalance before a
nameplate Ah calculation reaches zero. For both technologies, released product curves
take precedence over a generic conversion.

Check power and voltage after the energy result

A battery can contain enough calculated energy and still fail the site during the first
second or final minute. Check continuous and transient current, the lowest battery
terminal voltage, distribution drop, load-input minimum, protective-device behavior and
BMS limits across the duty.

Use the highest credible critical load for the power check, not the average energy load.
Calculate current at the lowest approved operating voltage because that is where a
constant-power load demands the most current. Then add the measured or calculated
drop through each battery branch and the common DC distribution. The telecom DC
distribution guide owns breaker, fuse, cable and disconnect coordination.

Confirm that low-voltage disconnect and BMS cut-off thresholds leave the connected
equipment inside its permitted input window. A configuration that protects the battery
by opening before the required energy is delivered does not meet the autonomy target.
A configuration that reaches the radio’s undervoltage restart point before protection
operates also fails, even if the battery still contains stored energy.

Capacity is incomplete without a recharge check

The recovery source must carry the live telecom load and return the required energy
before the next credible outage. A larger battery increases recharge demand; it does not
automatically improve readiness when rectifier or grid capacity is constrained.

P_charge,available = P_source,usable — P_live — P_other,active

Screening recovery time = E_returned + P_charge,to battery

The actual time is longer when charging tapers, temperature or BMS limits reduce
current, source power varies, or other loads take priority. Establish the required reserve-
recovery time, then check the rectifier count, AC input limit, generator capability and
battery charge-acceptance curve. The telecom rectifier guide covers module capacity
and redundancy; the outage-sequence article defines when recovery begins and which
loads return.
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How should the calculated capacity be validated?

Validate the screen against traceable manufacturer discharge data and then test the
approved configuration at defined conditions. The evidence should show delivered
energy, minimum voltage, peak current, protection behavior and recharge performance
for the actual module count and controller settings.

Validation step Record Decision

Load-model review Meter intervals, inventory, outage Does E|,,4 represent the required
states, load-shed schedule and service?
growth basis

Product-data match Constant-power or discharge Can the candidate deliver the
curves at required duration, calculated load energy under the
temperature and end voltage same conditions?

Power-path check Voltage window, current limits, Does the load remain inside its
cable drop, protection and one- operating window throughout the
unit-out case duty?

Controlled discharge Starting SoC, cell or module Does measured autonomy meet
temperature, load, bus voltage, the acceptance limit without
current, energy and alarms unintended trip or restart?

Recovery test Live load, source power, charge Can the site recover before the
current, temperature, time and next design event?

restored reserve

Keep the calculation revision, product data, instrument records, configuration export and
test results together. Recalculate when tenant load, radio configuration, cooling
strategy, battery model, controller reserve or replacement criterion changes. State-of-
charge and state-of-health estimates are useful operating inputs, but periodic evidence
is still needed to confirm that installed capacity remains available.

Engineering boundary. The formula and worked example are screening tools. Final
capacity requires the actual load profile, outage and load-shed sequence, battery
product curves, minimum cell temperature, end-of-life criterion, DC voltage window,
protection settings, redundancy requirement, recharge source and applicable operator
or regulatory rules.

Submit one calculation boundary, not disconnected ratings
For a Huijue battery-capacity review, provide interval load data, the required outage
sequence and autonomy, permitted load shedding, start and stop SoC, minimum cell
temperature, end-of-life criterion, DC voltage window, source and rectifier limits,
recovery target, planned growth and redundancy policy.

Send the battery-sizing inputs
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Related engineering resources

Telecom Lithium Battery Systems
Grid-Outage Backup Sequence
Telecom Solar and Battery Sizing
Telecom Energy Products and Services

Contact Us

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