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Fan Cooling vs Cabinet Air Conditioning: Energy,
Dust and Maintenance

Compare two viable telecom-cabinet cooling methods by annual energy, outside-air
exposure, service workload and the consequences of a cooling fault.

Updated September 9, 2026Cooling lifecycle comparisonApprox. 15 minute read
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Verify the installed result A fan labelled 80 W appears more efficient than an air
conditioner labelled 500 W. That comparison is incomplete. The fan may run for most of
the year, its filter may progressively restrict airflow, and the cabinet may need additional
cleaning. The air conditioner may cycle for fewer hours, draw standby power and require
a different service skill. Neither nameplate shows the lifecycle result.This article begins
after the thermal feasibility check. If outside air cannot keep the limiting equipment
within its approved temperature range, or the protected space must operate below
outdoor temperature, use the separate guide on when an outdoor telecom cabinet needs
air conditioning . Where filtered ventilation and refrigeration are both feasible, the
comparison shifts to energy, contamination, maintenance and fault behaviour.

What is the real difference between fan cooling and
cabinet air conditioning?

Filtered fan cooling exchanges cabinet air with the outdoor environment; cabinet air
conditioning keeps the protected air circuit separate and transfers heat through a
refrigeration cycle. A valid fan cooling comparison therefore examines two different
environmental boundaries, not merely two devices with different watt ratings.

Do not confuse circulation with heat rejection

An internal circulation fan can mix air, reduce local hot spots and improve heat transfer
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to the enclosure wall, but it does not by itself carry cabinet heat outdoors. Open-loop fan
cooling requires a defined outdoor-air inlet, a filter or other contamination barrier where
applicable, an exhaust path and enough delivered flow through the populated cabinet.
Supply and exhaust positions must match the airflow directions of the installed
equipment.

A cabinet air conditioner also contains fans. One air circuit moves protected cabinet air
across the evaporator; another moves outdoor air across the condenser. The circuits
should remain separated by the unit construction, mounting interface, enclosure seals
and service details. Refrigeration adds a compressor, controls, heat exchangers and
condensate management, but it permits heat rejection even when the outdoor air is
warmer than the required cabinet condition, within the unit’s declared operating
envelope.

Compare the resource streams
Filtered ventilation consumes electrical energy and outside air, then creates a filter and
cleaning workload. Refrigeration consumes electrical energy while creating compressor,

condenser, refrigerant and condensate service duties. The stronger choice is the one
whose complete resource stream fits the site.

Which system uses less energy over a year?

Filtered ventilation usually has the lower instantaneous electrical demand for a
comparable operating state, but the lower annual energy must be demonstrated from
climate hours, equipment load, control states, delivered airflow and filter condition.
Nameplate power alone cannot establish yearly consumption.

Filtered-fan annual energy

Efan - Z (Pfan'i X t|) / 1,000

Air-conditioner annual energy

EAC =2 (Pinput,j X tj) / 1,000

For these screening equations, power P is in watts, operating time t is in hours, and

annual energy E is in kilowatt-hours. Each index represents a documented operating
state rather than one assumed duty cycle.

Powered by The Solar Telecom



o

HUIJUE GROUP

Page 4/11

[

Fan states may include off, minimum speed, maximum speed and degraded flow at a
stated filter pressure drop. Air-conditioner states may include standby controls,
evaporator-fan operation, compressor cooling and high-ambient derating. Add crankcase
heaters or other auxiliaries only when the offered unit actually includes them. The site
model should also capture the extra rectifier, inverter, PV, battery or generator energy
needed to supply each cooling state.

ETSI TR 102 530 V1.2.1 explains that climate-equipment and fan consumption depends
on temperature, and that climate models are needed to estimate peak and average
consumption. It also recommends using the least energy-intensive cooling style that can
meet the equipment requirement. The document is useful guidance, but its historical
examples are not a substitute for current product curves or the destination climate file.

Energy input Filtered fan cooling Cabinet air conditioning

Climate basis Hours when outdoor air is cool Hours and bins across the
enough, plus humidity and declared ambient operating
contamination constraints envelope

Power data Input by fan speed and installed Input by load and ambient
resistance condition, including standby and

fan-only states

Degradation case Delivered airflow and input at Capacity and input with the
agreed clean and loaded-filter specified condenser cleanliness
conditions and installation clearance

Control evidence Start, stop, variable-speed and Setpoint, hysteresis, anti-cycle
alarm logic delay, fan and compressor logic

Site impact Annual kWh and maximum Annual kWh, maximum coincident
coincident watts watts and starting or transient

demand where relevant

Do not force both options to an unnecessarily low internal setpoint just to make the bids
comparable. First define the highest permissible equipment-inlet temperature and other
component limits for each operating case. Then require both suppliers to meet the same
protected-condition requirement. Otherwise, one bidder may be penalized for providing
tighter control that the telecom equipment does not need.

How do dust, salt and humidity change the choice?

Outside-air quality can reverse an apparently favourable fan-energy result. Filtered
ventilation intentionally imports outdoor air, so dust concentration, particle size, salt
aerosol, insects, moisture, wind-driven rain and filter service intervals become part of
the thermal design. Cabinet dust control must be evaluated at the installed airflow
and over time, not inferred from the filter label alone.

As a filter loads, its pressure drop normally rises and delivered airflow can fall unless the
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fan and control system compensate. Higher fan speed can recover some flow but
consumes more energy and may still leave poorly supplied rack positions. Bypass
around the filter frame, an incorrectly seated element or an unsealed cable entry can
admit contamination without producing an obvious temperature alarm.

ETSI ES 203 156 V1.2.1 requires suppliers to describe enclosure openings, fan direction
and characteristics, power dissipation, filter pressure drop at reference velocities and
airflow paths. It specifically notes that enclosure filters can restrict airflow and reduce
cooling. Those data turn a generic “fan with filter” offer into a reviewable operating

point.

Cabinet air conditioning avoids routine exchange of protected air with the outside,
but it does not automatically guarantee a clean or watertight enclosure. The mounted
cutout, gasket compression, fasteners, door seals, drain route and cable entries still
define the real boundary. The outdoor condenser remains exposed to dust, fibres, salt
and blocked clearances, while excessive cooling or poor drain design can create
condensation risk inside the protected space.

Maintenance work is different, not absent

The useful comparison is technician-hours, access, consumables, tools, spares and
restoration time over the specified service period. A low purchase price can be
outweighed by frequent remote visits, while a more complex unit can be difficult to
restore if trained refrigeration support is unavailable. Treat cooling maintenance cost
as a site-access and capability question rather than a generic percentage of capital cost.

Service item
Routine inspection

Consumables

Cleaning target

Skill level

Critical spares

Filtered fan path
Filter loading, bypass,
louvers, fan sound,
delivered flow and
cabinet cleanliness

Correct filter grade,
dimensions, gasket and
disposal method

Inlet, filter frame,
exhaust path, fan and
contaminated internal
surfaces as approved
Electrical isolation,
airflow inspection and
filter discipline

Fan, filter, controller or
sensor according to the
architecture

Refrigerated path
Condenser condition,
airflow, compressor
operation, drain
condition, seals and
alarms

Filters where fitted,
approved cleaning
materials and model-
specific service parts
External coil and airflow
path; protected-side coil
or drain only under the
service procedure
Electrical and control
diagnosis plus qualified
refrigeration service
where required

Fan, controller, sensor
and model-specific
refrigeration parts
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Service item Filtered fan path Refrigerated path Record to retain
according to recovery
strategy
Service access Filter and fan Coil cleaning, drain Approved method,
replacement without inspection and unit clearance drawing and
disturbing live telecom removal without unsafe isolation boundary
paths lifting or loss of

enclosure integrity

A maintenance interval should be condition-based where practical. Calendar
replacement alone may be too late at a dusty roadside site and unnecessarily frequent
at a clean site. Useful triggers include differential pressure, delivered airflow, fan speed
at a given demand, supply-to-exhaust temperature response, compressor runtime,
condenser approach and repeated high-temperature alarms. The exact measurements
depend on the selected hardware and monitoring interfaces.

What happens after each cooling system fails?

Both systems can leave the cabinet without effective heat rejection, but they often fail
differently. Fan cooling commonly degrades gradually through filter loading before a fan
or power fault causes a sharper loss; refrigeration may lose capacity through fouling,
sensor or control problems before a compressor or supply fault stops active cooling.

Filtered-fan failure path

A fan run contact proves a command or motor state, not delivered air at the equipment
inlet. Where the risk justifies it, correlate fan speed or current with differential pressure,
airflow or the temperature rise from inlet to exhaust. If one of several telecom cabinet
fans stops, the remaining units may not deliver their free-air ratings through the
common filter and cabinet resistance. The control response should therefore use
measured thermal performance, not fan count alone.

Air-conditioner failure path

A compressor command likewise does not prove useful cooling. Compare demand with
supply and return temperatures, internal hot spots, compressor or fan current and
available unit alarms. Define what happens after loss of the normal electrical source:
continued cooling, fan-only circulation, delayed restart, load derating, noncritical-load
shedding or controlled shutdown. The next queue article owns the detailed choice
between AC-powered and DC-powered cabinet air conditioners, so this comparison only
requires bidders to state the actual source and backup behaviour.

Thermal ride-through is measured time
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Do not assign a universal number of minutes after cooling failure. The time to a limiting
temperature depends on starting condition, outdoor exposure, internal load, enclosure
thermal mass, battery mass, airflow and the location of the limiting component.
Establish it by an approved transient model or test of the populated configuration.

When does filtered fan cooling remain the stronger choice?

Filtered fan cooling remains strong when outside air is acceptable, the required
equipment-inlet temperature stays above the available outdoor-air condition with
sufficient margin, the installed airflow can be proven, and filter service is practical. Its
advantage is clearest when low auxiliary energy and straightforward local replacement
matter more than a separated air boundary.

e The design climate provides enough usable hours below the permitted cabinet
inlet condition.

e Dust, salt, humidity and rain exposure can be managed by the complete inlet,
filter, drainage and exhaust design.

e The fan curve and system resistance prove required flow at both the agreed
clean-filter and loaded-filter states.

e Technicians can inspect and replace filters before airflow falls below the alarm or
thermal limit.

¢ The site-energy model benefits materially from lower cooling input across the
real runtime profile.

e Failure detection and the thermal response protect service until intervention or
controlled load action.

Fan cooling cannot create an equipment inlet temperature below the outdoor supply-air
temperature. Solar gain, fan-motor heat and recirculation can make the actual inlet
warmer. If the allowable temperature depends on a colder condition than the outdoor
heat sink can provide, the fan option is not an equivalent bid.

Where cabinet air conditioning earns its additional burden

Refrigeration earns its energy and maintenance burden when the cabinet must maintain
a condition that outdoor-air ventilation cannot reliably provide, or when avoiding routine
outside-air exchange has high operational value. The benefit must still be demonstrated
at the specified ambient, internal setpoint, heat load, mounting and supply conditions.

e The required protected condition is below the available outdoor air temperature
during a material operating period.
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e Airborne dust, salt, fibres or other contaminants make open-loop ventilation
unacceptable or too maintenance-intensive.

e The site can support condenser cleaning, drain inspection and the required
electrical and refrigeration skills.

e The unit supplies sufficient sensible capacity at the design point without
unacceptable derating or short cycling.

e The cooling load is included in PV, battery, rectifier, inverter and generator
operating cases rather than treated as free auxiliary power.

e The controls expose effective-cooling alarms and implement an approved
response to power or refrigeration failure.

Closed-loop cooling is not permission to ignore cabinet integration. A poorly sealed
mounting cutout can undermine contamination control; obstructed condenser clearance
can reduce capacity; an uncontrolled drain can introduce water; and supply air that
returns directly to the evaporator can leave equipment hot spots. The offered drawing
and populated thermal test remain decisive.

Compare lifecycle burden in one bid sheet

Normalize both proposals against the same cabinet population, climate data, solar
boundary, protected conditions, service period and failure case. Ask bidders to return
the evidence below in the same units. Leave financial values open until the operator
supplies electricity or fuel cost, labour rates, access cost, spares policy and discount

assumptions.

Lifecycle line

Annual cooling energy
Peak electrical demand
Consumable demand
Planned labour
Unplanned recovery

Contamination consequence

End-of-service obligations

Bidder return

kWh/year by operating state, with
climate and control assumptions
Maximum running and applicable
starting demand in watts or
amperes

Filter or service-part quantity by
stated environmental assumption

Task, frequency basis, skill,
duration and access conditions

Alarm, safe checks, replaceable
unit, special tools and target
restoration path

Protected boundary, filter
performance basis, leakage
controls and cleaning scope
Disposal, refrigerant handling
where applicable and
replaceability
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Why it changes the decision

Sizes supply energy and allows
like-for-like operating comparison
Checks rectifier, inverter,
generator, cabling and protection
interfaces

Exposes logistics and inventory
rather than hiding them in
“maintenance”

Prices the actual maintenance
model for remote and restricted
sites

Shows whether local teams can
restore cooling before the thermal
limit

Connects air quality to equipment
reliability and workload

Prevents deferred environmental
or service liabilities
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The lifecycle total can then be expressed as purchase and integration cost plus energy,
scheduled visits, consumables, spares and risk-adjusted recovery cost over the chosen
period. Keep the risk term transparent: state the event, assumed frequency, service
conseguence and basis. A single unsupported “TCO saving” percentage is not decision
evidence.

Verify the installed result, not the catalogue concept

Factory and site evidence should prove that the selected cooling architecture still works
after the cabinet, equipment, cables, filters, doors and controls have been assembled.
Use the broader telecom cabinet cooling guide for architecture-level requirements and
the enclosure heat-load calculation for the thermal input model.

1. Freeze the tested bill of materials, cabinet population, firmware or control
revision and mechanical layout.

2. Record ambient condition, simulated equipment losses, solar treatment where
applicable and stabilization rule.

3. Measure representative equipment-inlet and hot-spot temperatures rather than
one convenient cabinet sensor.

4. For fan cooling, verify direction, delivered flow or pressure evidence, bypass
control and the agreed filter states.

5. For air conditioning, verify sensible performance at the specified rating point,
condensate route, condenser clearance and control cycling.

6. Introduce agreed faults such as fan loss, blocked or loaded filter, sensor fault,
cooling-unit alarm or normal-source loss without creating an unsafe test.

7. Retain results, alarm timestamps, control actions, deviations and restoration
checks as the acceptance baseline.

Any production substitution that changes a fan, filter, controller, air conditioner, panel
cutout, gasket, shelf or airflow obstruction should trigger an engineering review against
that baseline. The review determines whether documentary equivalence is enough or
whether part of the thermal test must be repeated.

Project boundary

This comparison does not select a Huijue cabinet, fan, filter, air conditioner, setpoint,
capacity, airflow, ingress rating or maintenance interval. Final selection requires the
approved equipment list, component limits, heat balance, site climate and air quality,
energy architecture, access model, destination requirements and configuration-specific
verification.
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Turn two cooling offers into one comparable lifecycle
record

Send the populated cabinet layout, heat-loss schedule, allowable equipment-inlet
conditions, hourly or binned climate basis, air-quality constraints, power architecture,
maintenance capability and failure-response requirement. Huijue can return a project-
specific comparison boundary, control concept and verification scope for engineering
review.

Submit cooling comparison inputs

Related cabinet thermal resources

Telecom cabinet cooling systems

Electrical enclosure heat-load calculation

When a cabinet needs air conditioning

Telecom battery cabinet cooling and ventilation

Contact Us

For catalog requests, pricing, or partnerships, please visit:
https://www.thesolartelecom.com
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Fan Cooling vs Cabinet Air Conditioning: Energy, Dust and Maintenance
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