IS OUR HVAC REDUNDANCY REAL
OR ONLY NOMINAL?
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A technical diagnostic guide to functional redundancy, shared failure points,
automatic transfer, and containment continuity

A practical guide to determining whether redundant fans, controls, and supporting systems can actually DIAGNUSTIC GUIDE
preserve the required containment function when an in-service component fails.



HOW TO USE THIS GUIDE

TWO FANS DO NOT AUTOMATICALLY CREATE
REDUNDANCY.

This guide was created for facilities that appear redundant on drawings but where it has
never been demonstrated whether the required containment function survives the actual
loss of an in-service component.

Why we developed it Who can use it

Redundancy is often counted as equipment: two exhaust The guide is intended for mechanical and controls

fans, two pumps, two power sources, two controllers. engineers, commissioning teams, facility managers,
However, duplicated components may still depend on the biosafety personnel, maintenance personnel, and

same electrical feeder, VFD panel, damper, sensor, filter institutional authorities responsible for high-containment
bank, control network, or duct path. HVAC systems.

Even when components are genuinely independent, the It may be used during design review, commissioning,
transition can fail. A standby fan may not start periodic verification, maintenance planning, or investigation
automatically, may start too slowly, may be unable to of a fan-failure event.

overcome the current system resistance, or may transfer in
a sequence that allows the pressure cascade to collapse.

The purpose of this guide is to shift redundancy review from
component counting toward demonstrated continuity of
function.

HOW TO USE IT IN PRACTICE
Define the containment function that must persist, map every dependency required to provide it, identify shared
failure points, evaluate the transition from duty to standby, and test whether the system remains within acceptable
containment conditions during and after the failure.

The objective is not to demonstrate that standby equipment exists. It is to demonstrate that the facility preserves
the required containment function when the in-service path is unavailable.
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INTENDED USE, LIMITATIONS, AND COPYRIGHT

HOW THIS GUIDE MAY BE USED — AND WHAT IT DOES NOT

AUTHORIZE

This guide is a general diagnostic-orientation tool. It is designed to help structure
technical questions, organize evidence, and define what requires more specific

evaluation.

Acceptable use

It may be used to:

e structure preliminary technical investigations;
e prepare internal reviews and multidisciplinary discussions;

« identify missing information, measurements, and
documentation;

o support definition of the scope of a subsequent evaluation;

¢ serve as educational and internal technical reference
material.

It does not constitute

This guide does not constitute a site-specific HVAC design,
formal failure-mode analysis, failure procedure, acceptance
criterion, certification, compliance determination,
authorization to operate, or site-specific recommendation.

Technical and operational decisions

No decision regarding degraded-state operation, modification
of transfer sequences, redundancy criteria, failure testing,
continued operation, or return to service should be based
solely on this guide.

First published: October 2026
Current version: October 2026 | v1.0

COPYRIGHT AND PERMITTED USE

BioLab Solutions.

Guide.

BioLab Solutions - Diagnostic Guides

Applicable technical basis

The content should be interpreted together with the risk
assessment, Basis of Design, HVAC and controls diagrams
and sequences, dependency analysis, commissioning
criteria, regulatory requirements, manufacturer instructions,
and other site-specific documentation.

Competent personnel

Functional failure and transfer testing, as well as
modifications affecting redundancy or containment
continuity, should be planned, performed, or reviewed by
appropriately qualified personnel with defined abort and
recovery criteria.

Responsibility

BioLab Solutions assumes no responsibility for decisions,
modifications, interventions, or actions carried out outside a
site-specific evaluation and without review by competent
personnel.

© 2026 Biological Laboratory Solutions S.A.S. de C.V. All rights reserved.
This publication may be downloaded, retained, and used internally for educational, technical, and reference purposes.

It may not be reproduced, redistributed, modified, sold, or incorporated, in whole or in part, into commercial materials,
courses, procedures, specifications, reports, or third-party publications without prior written authorization from

Brief excerpts may be quoted with full attribution to BioLab Solutions and reference to the corresponding Diagnostic



U ‘l Define the function that must remain available

Redundancy should be specified around the function, not the component.

The first question is not “do we have two exhaust fans?” It is “what must the facility

continue doing if one exhaust fan is lost?”

Pressure hierarchy

Must the entire cascade remain within normal limits, or is a bounded
degraded range acceptable during transfer?

Exhaust continuity

What minimum exhaust capacity is required to preserve the intended
state?

Process continuity

Which activities may continue, pause, or stop while the facility
operates on the remaining redundant path?

Directional airflow

Must airflow direction across specific containment boundaries be
maintained continuously?

Monitoring and alarms

Should loss of redundancy and loss of the in-service equipment be
immediately visible to operators?

Recovery
What condition must be restored before normal operation resumes?

Functional definition: establish what containment performance must survive the failure and for how long.
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02 Map the complete redundancy chain

A redundant fan can still be part of a nonredundant system.

Dependency

Questions to ask

Electrical supply

Controls

VFD / starter

Dampers

Filters

Ductwork

Sensors

Do the duty and standby components share a feeder, breaker, MCC section, or emergency-power
dependency?

Do bhoth components depend on the same PLC, I/0 module, network, or controller?

Does each fan have an independent drive/starter, or does a common panel create a single point of
failure?

Can failure of a common isolation or discharge damper disable both paths?

Do the redundant fans share a filter bank whose blockage or housing failure affects both paths?

Is there a common duct section whose failure or obstruction disables both fan paths?

Can failure of a single pressure or airflow sensor cause incorrect control of both duty and standby
operation?

REDUNDANCY DOES NOT PROTECT AGAINST FAILURES THAT OCCUR IN
UNPROTECTED SHARED SINGLE DEPENDENCIES.
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03 Identify shared and common-cause failure points

Duplicated equipment does not protect against a failure that affects both units simultaneously.

Shared power

Both fans are connected to the same electrical source or

distribution path without an independent backup strategy.

Shared controls

Both depend on a single PLC, communication network,
sensor, or common software logic.

Shared filtration

A single filter bank, housing, or blocked exhaust section
limits both fan paths.

Shared environment

Both units are exposed to the same flood, heat, fire,
vibration, or access condition.

Shared maintenance isolation

A common damper or disconnect leaves both units
unavailable during an intervention.

Shared human dependency

Transfer requires manual action that may not occur with the
speed or reliability required during a real failure.

A useful redundancy review does not ask only “what happens if Fan A fails?” It also asks “what single failure could

make both Fan A and Fan B unavailable?”
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U 4 Review automatic transfer logic

Standby capacity has limited value if the transition is slow, unstable, or depends on operator intervention.

The duty-to-standby sequence should be understood and testable.

[]1 Failure of the in-service equipment is detected.
What signal defines the failure: motor status, airflow, pressure, VFD fault, or another condition?

02 The failure is confirmed.
Is there a deliberate delay to prevent false transfer, and is that delay compatible with containment?

03 The standby component starts.
Does it start automatically? Does it require damper repositioning or drive enablement?

04 Airflow is restored.
How quickly does exhaust recover, and what happens to room pressure during the interval?

05 The system stabilizes.
Does the pressure cascade return to defined limits without excessive oscillation?

06 Operators are notified.
Is the loss of redundancy visible even if containment has already recovered?
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U 5 Determine whether the standby unit can overcome the actual
system resistance

Standby capacity should be evaluated against current operating conditions, not only the original design duty.

Current conditions may include

* loaded HEPA filters; Standby-performance question

e higher duct resistance; Can the standby fan establish the required exhaust
* additional connected rooms; airflow at the current system static pressure and

o modified dampers; retain sufficient margin?

* increased leakage; A standby fan correctly sized ten years ago may no

* modified airflow setpoints; longer provide equivalent function after the system
e aging equipment. has changed.

REDUNDANCY MUST WORK AGAINST THE SYSTEM THAT EXISTS TODAY — NOT
ONLY THE ONE THAT EXISTED ON THE DESIGN DRAWING.
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06 Evaluate pressure response during transfer

The most important part of the redundancy event may be the brief period between loss of the in-service
equipment and stabilization of the standby equipment.

A system may recover correctly and still experience an unacceptable transient during

transfer.

Magnitude

How much does room pressure change when the in-service
component fails?

Duration

How long does the system remain outside the normal range or
acceptable degraded range?

Direction
Does directional airflow reverse across any critical boundary?

Recovery

How long does the cascade take to stabilize after the standby
equipment starts?

Oscillation

Do supply and exhaust controls oscillate during the transition?

Operator visibility

Are alarms and trends sufficient to show what occurred during the
event?

Functional redundancy should be judged across the complete transition, not only the final recovered state.
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NOMINAL VERSUS FUNCTIONAL REDUNDANCY

WHAT THE DIFFERENCE LOOKS LIKE IN PRACTICE

Nominal redundancy Functional redundancy

Two fans are installed. Either fan can independently preserve the required exhaust function.

The standby fan has the same nameplate The standby fan has been demonstrated against current system resistance and operating conditions.
capacity.

Automatic transfer is programmed. Automatic transfer has been functionally tested under representative failure conditions.

Both fans have electrical power. Power and controls do not contain unrecognized common single points of failure.

An alarm indicates failure. Operators receive clear indication of failure of the in-service equipment, operation of the standby

equipment, and loss of remaining redundancy.

Pressure eventually recovers. Pressure remains within defined acceptable limits throughout the transfer or within a justified
degraded range.

REDUNDANCY IS A DEMONSTRATED SYSTEM BEHAVIOR, NOT AN EQUIPMENT
COUNT.
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07 Define the degraded operating state

When one redundant path is lost, the facility may remain contained but becomes more vulnerable.

Loss of redundancy should trigger a defined operating condition rather than an

improvised decision.

Questions for the institution

e Can current work continue?

e Can new high-risk procedures begin?

e Should occupancy be reduced?

 Should continuous monitoring be increased?

¢ Should maintenance response be accelerated?

e Should a time limit be imposed on degraded operation?

Loss of redundancy is not the same as
loss of containment

The facility may continue to meet normal
pressure criteria while its ability to tolerate the
next failure has been reduced.

That difference should be visible in alarms,
operating procedures, and management
decisions.

A DEGRADED STATE CAN BE CONTROLLED — BUT ONLY IF ITS LIMITS ARE

DEFINED BEFORE THE FAILURE OCCURS.
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MAINTENANCE AND REDUNDANCY

CAN WE MAINTAIN ONE PATH WITHOUT LOSING THE OTHER?

Isolation

Can the in-service unit be safely isolated without disabling
the standby path or opening a common containment
interface?

Filter maintenance

Does servicing a shared filter bank leave both fans
effectively unavailable?

Electrical maintenance

Does work on a panel, breaker, or VFD require shutting down
both redundant components?

Controls maintenance

Can a controller, sensor, or network element be serviced
without disabling the automatic transfer function?

Access

Can maintenance personnel access both components
without creating unsafe work conditions or interfering with
containment?

Post-maintenance testing

Is the restored path functionally tested before it is counted
again as available redundancy?

A redundant system that cannot be maintained one side at a time may provide less lifecycle resilience than its

equipment diagram suggests.
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COMMON REDUNDANCY FAILURES

WHAT OFTEN GOES WRONG

“We have two fans.” “The standby fan starts.”

Both fans may still depend on the same power, controls, Starting does not demonstrate that it can restore the
filters, dampers, or duct section. required airflow or pressure under current conditions.
“Transfer is automatic.” “We test the standby equipment every month.”
Automatic logic may still be slow, incorrectly sequenced, or Running the standby fan without failing the in-service
dependent on a single sensor. equipment does not test the actual transfer sequence.
“Pressure eventually comes back.” “The room is fine with one fan.”

The transient may still include a relevant loss of directional The system may be operating with no remaining failure
airflow or an unacceptably long recovery. tolerance and should be managed as a degraded state.

REDUNDANCY IS NOT DEMONSTRATED BY SIMPLY STARTING THE STANDBY
EQUIPMENT. THE TRANSITION FOLLOWING A REPRESENTATIVE LOSS OF THE IN-
SERVICE FUNCTION MUST BE VERIFIED.

BioLab Solutions - Diagnostic Guides



08 Functionally test redundancy

Evidence should come from a controlled transition under failure, not only from component startup.

Before the test

o define the failure scenario;

Initiate the failure

o simulate a credible loss of the in-service equipment;
o record detection time;
o record alarms;

o identify risk and abort criteria;
o confirm competent personnel;

o prepare independent pressure/airflow measurement;

e observe control response;
o notify operations.

o track pressure and airflow.

Observe the standby state
o confirm stable exhaust;

Restore normal state

o return the duty path;
o verify the cascade;

o check fan/VFD load;
o confirm operator indication;

o observe retransfer where applicable;
o confirm alarms clear correctly;
o verify stable normal operation;

o identify remaining margin. o document deficiencies.

Where direct failure testing presents unacceptable risk, the project should define an alternative method that still
provides credible evidence of the transition function.
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LATENT-FAILURE RISK

A STANDBY PATH GAN FAIL SILENTLY WHILE THE IN-SERVICGE
PATH APPEARS NORMAL

Redundancy is available only if the standby path remains ready under the current
system condition.

Review standby-path availability

* automatic-start permissives; Why test history matters

e VFD/ starter status; A standby fan may remain inactive for long
» damper and isolation position; periods while filters load, duct resistance

o available electrical source; changes, controls are modified, or electrical
e control communications; components age.

* sensor inputs used for transfer; A successful commissioning test does not by

« current fan capacity against system resistance. itself demonstrate current standby capacity.

REDUNDANCY DEGRADES SILENTLY IF THE STANDBY PATH IS NEVER REQUIRED
T0 DEMONSTRATE ITS FUNCTION.
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FAILURE-SCENARIO REVIEW

TEST THE FAILURE THAT ACTUALLY REMOVES THE FUNCTION

Failure scenario What should be observed

Trip of the in-service fan Detection, standby startup, pressure excursion, directional airflow, alarm visibility, and recovery.
VFD or starter failure Whether the alternate path is electrically and logically independent of the failed device.

Control / sensor failure Failure behavior, transfer permissives, backup logic, and operator indication.

Loss of power source Emergency-power continuity, transfer sequence, restart behavior, and retained control authority.
Loaded-filter condition Whether standby capacity remains sufficient at current or anticipated system resistance.
Return to normal duty Retransfer behavior, alarm clearing, stable cascade, and restoration of full redundancy.

Diagnostic principle: a test that only demonstrates that the standby motor starts is more limited than a containment-
continuity test.
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DIAGNOSTIC SEQUENCE

IS OUR HVAC REDUNDANCY FUNCTIONAL?

01

Is the required continuity function clearly defined?

No — define what pressure, airflow, and operating condition must survive the failure.
Yes — continue.

02

Are the duty and standby paths independent enough to avoid critical shared failure points?
No — nominal redundancy exists, but functional resilience is limited.
Yes — continue.

03

Can the standby unit handle current system resistance and airflow demand?

No — capacity is insufficient under current conditions.
Yes — continue.

04

Does transfer occur automatically or reliably within the required time?

No — review detection, controls, sequence, or operational response.
Yes — continue.

05

Does containment remain within defined limits during the transition?
No — redundancy does not yet preserve the required function.
Yes — continue.

06

Has the complete failure-transfer-recovery sequence been functionally demonstrated?

No — continuity remains partly assumed.
Yes — document the demonstrated redundant state and degraded-operation rules.

BioLab Solutions - Diagnostic Guides



REDUNDANCY REVIEW PACKAGE

WHAT SHOULD BE AVAILABLE?

Basis of design System architecture
e required redundancy; o fan arrangement;

o failure scenarios; e duct paths;

e acceptable degraded state; o filters;

o pressure/airflow criteria; e dampers;

e recovery criteria. e power sources;

o VFDs/starters;
e controls/sensors.

Functional evidence Lifecycle

o failure tests; e maintenance history;

o transfer times; o filter loading;

e pressure trends; o system modifications;

o airflow data; o periodic testing;

e alarm records; o degraded-operation records;
o standby fan load; e return-to-service evidence.

o deficiency closure.

Review objective: demonstrate that the redundant path remains sufficiently independent, capable, and fast to
preserve the required containment function.
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FUNCTIONAL-REDUNDANCY REVIEW CHECKLIST

IF THE IN-SERVICE PATH FAILS, DOES THE REQUIRED FUNCTION

ACTUALLY SURVIVE?

Use this checklist as a diagnostic-support tool. A checked item does not constitute
acceptance; each element must be interpreted against the risk basis, facility

configuration, and applicable criteria.

o Define the containment function the redundancy is
expected to preserve and the permitted degraded condition, if
any.

o Map the complete duty and standby paths, including fans,

power, VFDs, dampers, controls, sensors, networks, filters,
and ductwork.

o Identify shared components or common-cause failures that
could disable both nominally redundant paths.

o Confirm that the standby equipment is currently available,
enabled, and capable of starting under the current
configuration.

o Evaluate standby capacity against current system
resistance and the anticipated loaded-filter condition, not only
nameplate capacity.

service.

o Review duty-to-standby transfer logic, permissives, timing,
and operator notification.

o Functionally test the failure mode where safe and
appropriate rather than demonstrating only that the standby
component can operate.

o Verify containment behavior during the transition, including
pressure cascade, alarms, and recovery.

o Confirm that the restored duty path is tested before full
redundancy is assumed again after maintenance or failure.

o Maintain records of periodic exercises, degraded-operation
events, latent standby failures, and return-to-service evidence.

Technical-use note: This review checklist is a diagnostic-support tool. It does not establish site-specific acceptance
criteria, replace risk assessment or professional judgment, constitute certification, or authorize operation or return to

If the review identifies a condition requiring site-specific evaluation, BioLab Solutions can support technical assessment, verification, and definition

of the required evidence.
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RELATED BIOLAB RESOURCES

EXPLORE REDUNDANCY, CONTROL AUTHORITY, AND FAILURE

STATES IN GREATER DEPTH

NT-013
Failure modes in pressure-control systems

NT-016
HVAC redundancy: functional versus nominal

NT-032-033
Commissioning and functional testing

NT-037
Maintenance as a containment-risk domain

BIOLAB DIAGNOSTIC GUIDES

disciplines.

Series concept: symptom — system — evidence — restoration.
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NT-014-015
HVAC integration and exhaust authority

NT-017
HVAC control hierarchies and authority logic

NT-035
Documentation as a containment control

NT-039
Lifecycle drift in containment systems

Short technical resources organized around real containment problems rather than individual



CLOSING DIAGNOSTIC PRINCIPLE

REAL REDUNDANCY PRESERVES THE FUNCTION
WHEN THE IN-SERVICE PATH IS LOST.

Redundancy in a high-containment HVAC

system is not established by duplication BIOLAB SOLUTIONS

Independent technical support for

alone. planning, design, commissioning,
The complete redundant path must survive the failure that assessment, and lifecycle management
matters: power, controls, dampers, filters, ductwork, fan of high-containment laboratories.

capacity, transfer time, and operator visibility all influence

. . . . For site-specific evaluation, BioLab Solutions can
whether the required containment condition remains

support technical review, verification, and definition of
available. evidence requirements.

A robust system can demonstrate not only that the standby
component works, but that the facility remains within
defined limits during transfer, that degraded operation is
understood, and that the restored path is tested before full
redundancy is assumed again.

REDUNDANT COMPONENTS — SHARED DEPENDENCIES — TRANSITION —
CONTINUITY
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