DO WE STILL HAVE ENOUGH
EXHAUST CAPACITY?

Diagnostic Guide
GD-015

A technical diagnostic guide to fan reserve, filter loading, system resistance, and
remaining containment capacity

A practical guide to determining whether an operating containment system still has sufficient exhaust
authority to tolerate filter loading, disturbances, loss of redundancy, and future changes. DIAG N USTIC GUIDE



HOW TO USE THIS GUIDE

MEETING TODAY'S AIRFLOW DOES NOT TELL YOU
HOW MUCH CAPACITY REMAINS.

This guide was created for laboratories that still meet their pressure setpoints but have
fans operating at high speed, fully open dampers, increasing filter resistance, or little
confidence that the system can tolerate the next disturbance.

Why we developed it

Containment systems are often judged by their current
performance: the room is negative, airflow meets the TAB
value, and alarms are clear. That can conceal a system
operating close to its mechanical limits.

Filter loading, envelope leakage, additional rooms, modified
equipment, duct changes, and years of balancing
adjustments can consume the capacity that originally
allowed the system to remain stable during disturbances or
failures.

The purpose of this guide is to make remaining exhaust
authority visible before the system reaches the point where
the next normal change becomes a containment problem.

HOW TO USE IT IN PRACTICE
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MEASURE COMPARE
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Who can use it

The guide is intended for HVAC engineers, commissioning
teams, facility managers, biosafety personnel, maintenance
teams, TAB specialists, and project teams responsible for
high-containment exhaust systems.

It may be used during periodic verification, filter-life
planning, renovation studies, equipment additions,
redundancy review, or investigation of rooms that are
becoming increasingly difficult to maintain at pressure.

Establish current exhaust demand, fan speed, system static pressure, filter resistance, and terminal positions.
Compare them with the design or accepted baseline, identify what has consumed the available margin, and test
whether the remaining system can support expected future resistance and credible failure conditions.

The objective is not simply to determine whether the fan is “large enough.” It is to determine whether the system
has enough usable reserve to remain controllable as real operating conditions change.
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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 fan selection, duct
calculation, an engineering study, an acceptance criterion,
certification, compliance determination, authorization to
modify or operate, or a site-specific recommendation.

Technical and operational decisions

No decision regarding fan replacement or selection, speed
changes, airflow adjustments, capacity expansion, 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.
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Applicable technical basis

The content should be interpreted together with the risk
assessment, Basis of Design, manufacturer curves and data,
duct calculations and drawings, TAB and commissioning
data, current filter loading, regulatory requirements, and other
site-specific documentation.

Competent personnel

Capacity assessment should be based on verified
measurements and actual fan and system performance and
should be performed or reviewed by appropriately qualified
personnel.

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 Distinguish current airflow from available capacity

The operating point and maximum capacity are different quantities.

A fan delivering the required CFM today may have substantial reserve — or almost none.
Reserve should be evaluated at the installed operating point and against the resistance
and demand the system is expected to tolerate during its service condition.

Current operating point

« actual exhaust airflow; Available capacity

» fan speed / VFD command; It depends on the relationship between the fan

e system static pressure; curve and the current system curve, including how
o filter differential pressure; much additional speed and static-pressure margin
o damper positions; remains before the fan reaches its practical limit.

* room pressure performance. The useful question is how much additional

resistance or airflow demand the system can
absorb while continuing to preserve the required
containment function.

AIRFLOW TELLS YOU WHAT THE FAN IS DOING. RESERVE TELLS YOU WHAT IT CAN
STILL DO.
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Low to moderate speed

May indicate healthy reserve, provided the fan is correctly selected
and system performance is stable.

100% command
Means the control system has no additional speed authority within

the configured range, even if current pressure still meets the setpoint.

Large speed differences between duty/standby

May indicate unequal fan condition, incorrect balancing, or non-
equivalent redundant paths.

Interpret fan speed as a system signal

A high VFD command is not automatically a problem, but it reduces the margin available for further correction.

Sustained high speed

May indicate high current demand, greater resistance, or a system
that has gradually consumed its original margin.

Increasing speed over time

The trend may indicate filter loading, increased leakage, duct
changes, added rooms, or deterioration in fan performance.

Speed changes after maintenance

May reveal changed damper positions, filter resistance, setpoints, or
system configuration.

Analyze fan speed, airflow, and pressure together. A single variable can be misleading.
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03 Treat filter loading as predictable future resistance

The system should not be designed or operated only for clean-filter conditions.

HEPA and other filters accumulate resistance over time. That expected change should
form part of the fan-capacity strategy.

Review

* current filter DP; Capacity question

e initial clean-filter DP; Can the fan maintain the required airflow and
e replacement criterion; pressure relationships when filters reach their
 fan-speed trend; expected replacement resistance?

* airflow trend; If not, the system may technically “work” only

* remaining static capacity; while the filters are unusually clean.
e expected operating period before replacement.

FILTER LOADING IS NOT AN UNEXPECTED FAILURE. IT IS A PREDICTABLE
LIFECYCLE CONDITION THAT SHOULD BE CONSIDERED THROUGH THE DEFINED
SERVICE OR REPLACEMENT CONDITION.
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U 4 Determine whether leakage is consuming exhaust reserve

An envelope problem can quietly become a capacity problem.

Greater room leakage requires more transfer air and therefore more exhaust to maintain
the same pressure differential.

Compare airflow with the baseline Inspect the envelope

Has exhaust increased while the room pressure target remained the Doors, penetrations, wall-head interfaces, and equipment interfaces
same? may have degraded.

Look for fan compensation Evaluate the benefit of repair

Increasing fan speed may be concealing a change in the envelope. Correcting the envelope may recover useful exhaust authority without

increasing fan size.

Rebalance afterward Preserve transfer paths
Leakage repair changes the airflow offset and may require new Do not eliminate intentional transfer-air paths when repairing
TAB/control tuning. uncontrolled leakage.

CAPACITY USED TO COMPENSATE FOR LEAKAGE IS CAPACITY THAT CANNOT BE
USED FOR A REAL PROCESS NEED OR THE NEXT FAILURE.
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0 5 Look for resistance that balancing has concealed

Fully open dampers and high fan pressure may indicate an inefficient or restricted airflow path.

Observed condition Possible interpretation

Critical branch damper fully open The branch may lack static pressure or contain excessive resistance.

Other branches heavily throttled The system may be redistributing limited capacity rather than operating efficiently.
High duct static pressure with low Local restriction, undersized terminal, closed damper, or measurement problem.

terminal airflow

High fan speed after duct modification Added fittings, smaller duct, poor transition, or higher airflow demand may have shifted the system
curve.

Fan speed increases after filter Incorrect installation, unexpected filter resistance, damper change, or a control problem should be

replacement investigated.

A distant room does not reach design An end-of-line static-pressure limitation may be consuming effective system margin.

airflow

A fan upgrade should not be the first response to avoidable system resistance.
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Demand may increase because of

new BSCs;

process exhaust;

added rooms;

higher ACH targets;

greater leakage;

equipment heat requiring greater supply and exhaust;
new operating modes.

Evaluate room and system demand together

Local exhaust additions may consume shared capacity far beyond the room in which they are installed.

Shared-system consequence

A new 200 CFM exhaust connection does not
affect only the new branch. It changes total fan
duty, static-pressure distribution, and the authority
available to every connected branch.

Capacity review should therefore occur before
adding a significant exhaust demand to an existing
system.

EXHAUST CAPACITY IS A SHARED SYSTEM RESOURCE.

BioLab Solutions - Diagnostic Guides



FAILURE TOLERANCE

WHAT HAPPENS T0 CAPACITY WHEN A REDUNDANT PATH IS
LOST?

Adequate capacity during normal dual-system operation does not demonstrate
adequate capacity during failure or maintenance.

Standby-fan equivalence

Can the standby fan handle current system resistance and
the total required airflow?

Shared filter bank

Does the same loaded-filter resistance apply to the duty and
standby paths?

Single-fan operation

Does loss of one fan reduce total available capacity or only
remove redundancy?

Emergency power

Can the generator support the required fan operating point
under the degraded condition?

Maintenance state

Can one fan or filter path be isolated without restricting the
remaining path?

Pressure recovery

Does the remaining system preserve acceptable pressure
behavior during door events and normal disturbances?

RESERVE SHOULD BE EVALUATED IN THE FAILURE STATE THAT THE REDUNDANCY
STRATEGY IS EXPECTED T0 SURVIVE.
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07 Use fan and system curves when the question requires them

Nameplate airflow does not establish what the installed fan can deliver against current system resistance.

For a meaningful engineering capacity review, the operating point should be understood
against fan performance and the actual system curve.

Useful information

« fan model and wheel size; Do not extrapolate casually

* speed/ frequency; Increasing fan speed changes airflow, pressure,
e fancurve; and power demand according to the fan laws,

e motor power; but the response of the installed system also

o measured airflow; depends on the actual system curve and

o measured static pressure; equipment limits.

o filter resistance; Use measured data and manufacturer
e altitude correction where applicable. information for final capacity decisions.

Altitude matters: air density affects fan pressure, motor loading, and interpretation of standard versus actual airflow
conditions. High-altitude facilities require appropriate correction.
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WARNING SIGNS

WHEN SHOULD LOW CAPACITY MARGIN BECOME A TECHNICAL

CONCERN?

Fan routinely near maximum speed

The controls have little remaining capacity to compensate
for greater resistance or demand.

Critical dampers fully open

Local branches have no additional balancing authority.

Pressure becomes filter-dependent

Rooms become difficult to maintain when filters approach
their normal replacement condition.

Standby cannot match duty performance

Nominal redundancy may not preserve the actual
containment load.

Small changes produce large instability

New equipment or door behavior produces a
disproportionate effect on pressure.

No reliable trend data exist

The facility cannot determine whether fan speed, resistance,
or airflow demand have progressively increased.

Low reserve margin is especially significant when combined with aging filters, high leakage, degraded redundancy, or

planned expansion.
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COMMON CAPACITY MISDIAGNOSES

WHAT SHOULD NOT BE ASSUMED

“The room is negative, so capacity is fine."

Current pressure may be maintained with almost no
remaining fan authority.

“The fan is rated for more CFM."

Nameplate airflow at another pressure condition does not
demonstrate available airflow at installed system resistance.

“We can just increase the VFD."

Speed may already be near its limit, and higher operation
may affect motor loading, noise, energy, and system
stability.

“The standby fan is the same size.”

Equivalent nameplate data do not demonstrate equivalent
installed performance or independent capacity.

“Filter DP is still acceptable.”

A filter may remain within its replacement criterion while
consuming most of the remaining fan margin.

“We only need 100 CFM more.”

Alocal increase may shift the operating point of the entire
shared system.

CAPACITY SHOULD BE DEMONSTRATED IN THE OPERATING CONDITION THAT
MATTERS — NOT FROM ISOLATED EQUIPMENT DATA.
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08 Plan capacity before adding new demand

New equipment should be treated as a system change when it affects exhaust, heat, or room pressure.

Added exhaust

Quantify direct BSC/process exhaust and how it changes the room
offset.

Electrical / emergency load

Greater fan demand may also affect emergency-power requirements.

Redundant state

Confirm that the system remains acceptable after loss of the duty
path where redundancy is required.

Added heat

New thermal load may require greater supply airflow, which may in
turn require additional exhaust to preserve pressure.

Filter loading
Evaluate the future condition, not only capacity with clean filters.

Verification plan

Define TAB, pressure, controls, and functional testing before
implementing the modification.

FUTURE CAPACITY SHOULD BE EVALUATED BEFORE THE NEW LOAD BECOMES

PART OF THE BASELINE.
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CAPACITY UNDER THE CONDITION THAT MATTERS

DEFINE RESERVE AGAINST THE CREDIBLE OPERATING AND
FAILURE CONDITIONS THE SYSTEM IS REQUIRED TO TOLERATE —
NOT ONLY AGAINST TODAY'S CLEAN, NORMAL STATE

Remaining exhaust capacity should be evaluated against the combinations of
resistance, demand, and failure condition that the risk basis and containment strategy
require the system to tolerate.

Filter condition Degraded configuration

Compare current operation with expected resistance at the defined If redundancy forms part of the containment strategy, confirm that the
replacement condition. A system with comfortable margin under remaining path can sustain the required function with one duty path
clean-filter conditions may have little reserve as filters load. out of service.

Maximum credible demand Air density and site condition

Include simultaneous room demand, equipment exhaust, process At unusual altitude or temperature, fan pressure capability, motor
modes, and other loads that may occur together rather than loading, and the selected operating point should be reviewed using
evaluating each addition in isolation. applicable manufacturer performance data rather than assuming sea-

level behavior.

Capacity margin is condition-specific: document the operating state against which reserve is claimed, including filter
resistance, active loads, fan configuration, and relevant environmental assumptions.
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DIAGNOSTIC SEQUENCE

DO WE HAVE ENOUGH EXHAUST GAPACITY REMAINING?

01

Are current airflow, fan speed, static pressure, and filter resistance known?

No — first establish the actual operating point.
Yes — continue.

02

Is current demand materially higher than the accepted baseline?

Yes — identify leakage, added loads, resistance, or control changes that consumed margin.
No — continue.

03

Can the fan absorb expected future filter resistance and normal operating variation?

No — capacity is already insufficient for the anticipated lifecycle condition.
Yes — continue.

04

Can the redundant / emergency state handle the required containment load?

No — functional resilience is inadequate even if normal operation currently complies.
Yes — continue.

05

Are planned future loads within the verified remaining margin?
No — correct system restrictions or increase capacity before adding demand.
Yes — continue.

06

Is capacity trended and periodically reassessed?
No — future loss of margin may remain invisible.
Yes — retain the capacity baseline as part of lifecycle control.
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EXHAUST-CAPACITY REVIEW PACKAGE

WHAT SHOULD BE AVAILABLE?

Fan data System data

e model; o exhaust CFM;

e fancurve; o duct static pressure;
e motor data; o filter DP;

e VFD range; o damper positions;

current speed;
duty/standby arrangement;
altitude basis.

Lifecycle evidence

commissioning baseline;
TAB reports;

fan-speed trends;

filter history;
maintenance records;
leakage repairs;

added equipment.

e branch flows;
e room pressures;
e system modifications.

Demanding conditions
o |oaded-filter case;

o standby-fan case;

e emergency-power case;
o door disturbance;

o future-load case;

o planned expansion.

Review objective: quantify current operating demand, identify restrictions consuming margin, and demonstrate the
reserve available for expected lifecycle and failure conditions.
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CAPACITY RESTORATION

MORE FAN IS NOT ALWAYS THE FIRST OR BEST ANSWER

When margin is inadequate, the corrective strategy should address the cause of lost
capacity before defaulting to larger mechanical equipment.

Possible upstream corrections

¢ repair excessive envelope leakage;
 replace loaded filters at the appropriate time;
e remove unnecessary duct restrictions;

e correct damper positions;

o rebalance shared branches;

¢ resolve control instability;

e reconsider unjustified airflow demand.

Capacity may still need to be increased

If legitimate system demand exceeds available
performance after avoidable losses are
corrected, changes to the fan, ductwork, filter
bank, or system architecture may be required.

Those changes should be treated as
containment modifications and appropriately
reverified.

RECOVER WASTED CAPACITY BEFORE BUYING NEW CAPACITY.
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EXHAUST-CAPACITY REVIEW CHECKLIST

HOW MUCH USEFUL EXHAUST AUTHORITY REMAINS UNDER THE

CONDITION THAT MATTERS?

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 current operating condition: active rooms,
equipment loads, filter resistance, fan configuration, and
relevant site conditions.

o Compare measured supply / exhaust demand with the
accepted baseline and identify how much the system
condition has changed.

o Record fan speed, VFD output, damper positions, and
current operating point rather than relying only on delivered
CFM.

o Evaluate reserve at the expected loaded-filter condition, not
only with clean or newly replaced filters.

o Confirm that standby or redundant paths can meet the
required containment function at current system resistance.

service.

o Include simultaneous room demand, process exhaust, and
foreseeable equipment additions when evaluating remaining
capacity.

o Determine whether envelope leakage or repeated balancing
changes are consuming exhaust authority that was not
intended as normal load.

o At unusual altitude or temperature, use applicable
manufacturer performance data rather than assuming sea-
level behavior.

o Determine whether the remaining control margin is
sufficient for disturbances, failure states, and normal lifecycle
drift.

o Document the operating condition against which capacity is
claimed and define when reassessment will be triggered.

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 EXHAUST AUTHORITY, REDUNDANCY, AIRFLOW, AND
LIFECYCLE ENERGY IN GREATER DEPTH

NT-010-013 NT-014-015

Directional airflow, pressure cascades, ACH, and pressure-control failure HVAC integration and exhaust authority
modes

NT-016 NT-017

Functional versus nominal HVAC redundancy Control hierarchy and authority logic
NT-018-020 NT-021-024

HEPA filtration, resistance, and barrier integrity Envelope continuity and leakage

NT-039 NT-045-048

Lifecycle drift in containment systems Sustainability and lifecycle energy demand

BIOLAB DIAGNOSTIC GUIDES
Short technical resources organized around real containment problems rather than individual
disciplines.

Series concept: symptom — system — evidence — restoration.
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CLOSING DIAGNOSTIC PRINCIPLE

CAPACITY IS THE MARGIN BETWEEN WHAT THE
SYSTEM MUST DO AND WHAT IT CAN STILL DO.

A containment exhaust system should not
be judged only by whether it meets today's
airflow and pressure values.

BIOLAB SOLUTIONS

Independent technical support for
planning, design, commissioning,

The more important lifecycle question is how much control assessment, and lifecycle management
authority remains after accounting for current resistance, of high-containment laboratories.

leakage, filter loading, room demand, and shared-system

. . For site-specific evaluation, BioLab Solutions can
interactions.

support technical review, verification, and definition of

evidence requirements.
Usable reserve allows the system to tolerate normal filter q

aging, door disturbances, maintenance, loss of redundancy,
and legitimate future changes without immediately leaving
the intended containment condition. When that reserve
disappears, the facility increasingly depends on everything
remaining exactly as it is.

CURRENT DEMAND — AVAILABLE CAPACITY — RESERVE — FAILURE
TOLERANCE
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