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Safe and Energy Efficient Labs

How low can flow go?

Thomas C. Smith
President/CEO

tcsmith@3flow.com
www.3flow.com

Don’t let airflow 

become an 

invisible threat
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Learning Objectives

• Recognize the factors that affect lab safety and the occupant demand 
for ventilation

• Understand what drives minimum airflow requirements and how to 
establish minimum specifications

• Understand how special tests are used to determine the minimum 
safe velocity and exhaust flow for fume hoods

• Recognize how to determine the minimum safe air change rates for 
laboratories and critical workspaces

• Be able to determine and minimize the cost of ventilation.
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Airflow
Energy Use

As much as 50% of the HVAC energy may be wasted by 
improper airflow and inefficient systems

• Airflow accounts for more than 50% of Building 
Energy Consumption

• Ventilation systems are the largest contributor 
to Energy Use and Carbon Footprint

• Conditioning and transporting air through the 
building costs $3 to $10 per cfm-yr

• Total building airflow can range from 0.5 cfm/ft2 to 
2 cfm/ft2 (1 cfm/ft2 ≈ 6 ACH)

A 100k ft2 building may use 50k cfm to 200k cfm 
at a cost of more than $1M per year 

Why consider reducing laboratory airflow?
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Do you know the total flow through your building?

Air Supply
IN

Exhaust Air
Out

How much flow is required for

safe and productive labs, offices and support spaces? 
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• Safety and Risk Mitigation
– Fume Hoods and ECDs

– Lab Dilution and Contaminant Removal (ACH)

– Isolation and Containment (Lab Pressurization)

• Productivity and Comfort  
– Conditioning (Temperature and Humidity)

– Cleanliness and IAQ

• Occupancy and Utilization

What is the minimum flow and range of modulation required 
to meet the safety and functional needs of the occupants

The demand for ventilation determines flow requirements
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Modern systems modulate flow to save energy

SupplyExhaust

Occupant safety and energy efficiency depend on 
proper design and operation of the ventilation systems
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Appropriate operating specifications are critical to success
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These factors 
affect occupant 

risk, system 
performance, and 
research success
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Risk can range from negligible to extreme 

Negligible Extreme

Low 
Risk

High
Risk

• Occupational exposure, illness and even death

• Liability and legal issues

• Damage to property or the environment

• Premature degradation of systems 

• Excess energy consumption and costs

• Failure to meet research objectives

• Poor return on investment

What’s at
 Risk?
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The Level of Risk determines the Lab Ventilation Design Level

Copyright © 2025

Risk and the LVDL affect System Complexity, Cost, and Effort

Airborne 
Hazard Risk

Negligible

Extreme

Protective 
Capability

Lab 
Ventilation 

Design Level

LVDL-4

LVDL-3

LVDL-2

LVDL-1

LVDL-0

Cost $
Stakeholder 
Effort - hrs

> $1000 / ft2

< $200 / ft2

Very 
High

Low
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A Risk-Based Systems Approach Enables Safe and Efficient Labs

Copyright © 2025

Know the Flow  - Prove the Flow 

Know the Flow Prove the Flow

• Fume Hood Performance Tests

• Fume Hood VAV Response Test

• Fume Hood Minimum Flow Test

• Lab Ventilation Effectiveness Test

• Ventilation System VAV Function Test 

• Demand Control Ventilation Function Test

• Lab Ventilation Risk Assessment

– Space Plan and Occupant Schedules 

– Lab Design and Application

– ECD Type and Application

– Risk Ratings and Assignments

– Design and Operating Specifications
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A Lab Ventilation Risk Assessment (LVRA) evaluates 

occupant activities and their demand for ventilation

• Risk Factors include:

– Space Size and Configuration

– Application and Occupancy

– Hazard Type and Quantity 

– Hazard Generation Potential

– Available Protection Measures

The LVRA is the bridge between compliance, safety and energy efficiency
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The range of RCBs for different buildings and fume hood systems 

demonstrate that prescriptive specifications are not appropriate

Bio-ChemistryBiology - Natural Sciences ChemistryPhysics/Engineering Lab

Fume Hood Use 

Lab Environment 
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Lab Ventilation Design Levels 

Provide Specifications and 

Performance Criteria
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People rely on proper performance fume hoods to protect 

them from exposure to airborne hazards

Vertical Sash Opening Horizontal Sash Opening
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What is the safe average face velocity?

• 40 fpm 

• 60 fpm 

• 75 fpm 

• 80 fpm 

• 100 fpm 

• 125 fpm 

Vf

Average Face Velocity

Vf

Vf x Af = QeExhaust Flow (Qe)

No Face Velocity is “Safe”. 
Protection depends on numerous factors.

SESSION 4 – FUME HOODS AND ECD’S
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Fume Hood Tests must be appropriate to 

verify proper operation and validate performance

What are the Operating Conditions?

• Hood and Lab Integrity

• Face Velocities

• Cross Draft Velocities

• VAV Flow Response and Stability

• Airflow Visualization (Qualitative)

• Air Tracer Test (Quantitative)

• Protect people from exposure

Is Performance Adequate?  Does the 
hood provide proper containment?

Tracer 
Gas

Ejector

Mannequin

Face
Velocity
Probe

Tracer 
Gas

Detector

Cross Draft 
Probe

Computer
&

DAQ
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• Hood Design  - 20%

• Lab Design

• System Operation

• Work Practices - 25%

55%

Primary Factors Affecting Performance

More than 50,000 tests indicate 15% to 30% of 

fume hoods fail to meet performance standards

Face velocity is not a measure  
of proper performance
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Even if the fume hoods function properly, 

users must follow proper work practices 

User training is critical for safe and energy efficient labs

SESSION 4 – FUME HOODS AND ECD’S
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VAV Response Tests verify flow modulation

Fume Hood 1VAV Fume Hood 
Minimum Flow Tests

Fume Hood 2

Improper operation of the VAV controls can be unsafe and inefficient

Proper flow modulation Improper flow modulation
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• Min and Max Flow • Response Time • Flow Stability

Sash Closed Sash Open

Improper VAV Response Threatens Safety and Efficiency

• Containment
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The minimum fume hood flow is critical to both 

safety and energy efficiency

• Containment • Dilution • Removal

Copyright © 2025

Internal airflow patterns are affected by the sash configuration, the 

exhaust flow, and the internal aerodynamic design of the fume hood
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Safe Minimum Fume Hood Flow – 

How low can you go? 

• Contaminant Generation Rate  based on LVRA Rating:

• Concentration of concern must be less than 20% of the LEL 

• Hood Dilution Factor ( DF ) = Cimax / Cd

• The Minimum Exhaust Flow in Duct (Qexmin)

• Minimum Required Fume Hood Flow (QexF) = Qexmin x DF

Ci
CBZ

Duct 
Concentration 

(Cd) 

Contaminant 
Generation 
Rate (G)

Max 
Internal 

Concentration 
(Cimax)

Minimum Exhaust Flow must be greater than 
140 cfm for RCB-3 Applications

If DF = 2, 

the Flow Qex = 2 x 140 cfm = 280 cfm (≈ 375 ACH)

Exhaust Flow (Qex)

G

Cd

Qex
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The Minimum Flow Test uses an air tracer to evaluate fume 

hood dilution and contaminant removal 
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Fume hoods can be modified to improve containment, dilution, and 

removal of contaminants at lower flow

Traditional Restricted 
Bypass Panel

DF = 2.2 

Enhanced 
Baffle Panels

And Slots

Sash 
Closed

Enhanced 
Bypass Panel
And Opening

Enhanced
Bypass Panel

DF = 1.5

Improving the internal airflow patterns reduced minimum exhaust flow by 30%  
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QT

QT

QsMIN QsMAXQeMAX QeMIN

Exhaust Flow - Qe Supply Flow - Qs

How low can you go with flow in the lab?

• Operating Modes

• Min and Max Flow

• Transfer Air (Room dP)

• Conditioning (Temperature)

• Dilution (ACH)

• Air Change Effectiveness (VEFF)

QT = Qe – Qs
QT = Constant

100

°T

OCC
Sensor

IAQ 
Sensor

General Exhaust (GEX) Lab Air Supply (Qs)
Adjacent Space 

SupplyCAV Fume Hood (CFH) VAV Fume Hood (VFH)

Air Supply 
Flow

Transfer Flow 
and Pressure

BAS

Critical Environment
Supply Diffuser 

dP

Re-heat 
Valve

Exhaust 
Flow

QT

ACH?
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Just like fume hoods, laboratories are not one size fits all.  Occupant 

safety depends on testing and verifying effectiveness
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Minimum ACH is determined with a Ventilation Effectiveness Test 
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ACH = 2
VEFF Rating = 0.22

Effective Air Change Rate = 9 ACH

ACH = 8
VEFF Rating = 2.28

Effective Air Change Rate = 3.5 ACH

Lab VEFF Tests indicate 2 ACH was more effective than 8 ACH 

for this lab design configuration
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Flow reduction at the hood must translate to the lab and the system

RM 204RM 201 RM 202B RM 203RM 202A
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Energy

45
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∆T
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Chiller & Cooling 
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Ventilation System VAV Function Test 
verifies proper modulation of flow

31

32



I2SL 2025 – How Low Can Flow Go for Safe and Energy Efficient Labs

3FLOW Copyright © 2025                   17

Copyright © 2025

Results of Ventilation System VAV Function Test – Example 1

Expected Flow Modulation = 5,600 cfm

Sashes Open = 20,600 cfm

Sashes Closed = 14,680 cfm

Measured Flow Modulation = 5,920 cfm
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Results of Ventilation System VAV Function Test – Example 2

Sashes Closed to Sashes Open

Expected Flow Modulation = 14,900 cfm

Measured Flow Modulation = 970 cfm

13,930 cfm (93%) Lower than Expected 
With Extra Cost = $70,000 per year 

Exhaust Modulation = 0 cfm
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Conclusions – How low can flow go? Only as low as safety allows! 

Know the Flow  • Prove the Flow  • Maintain the Flow 

New Tools and Techniques to Define, Test, and Verify Proper Flow and Performance

• Lab Ventilation Risk Assessment – Minimum flow and operation specifications for Labs and Fume Hoods

• Fume Hood Performance Tests – Minimum face velocity to maintain containment

• Fume Hood VAV Response Test – Modulation of flow based on sash position or occupancy

• Fume Hood Minimum Flow Test – Minimum flow for dilution and contaminant removal

• Lab Ventilation Effectiveness Test – Minimum ACH for dilution and contaminant removal

• Ventilation System VAV Function Test – Modulation of flow through the hood system

• Demand Control Ventilation Function Test – Detection of contaminants and flow modulation 
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Questions 

Thank You!

Thomas C. Smith
919-319-4290

tcsmith@3flow.com
www.3flow.com

Know the Flow  – Prove the Flow  – Manage the Flow
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