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Presentation Overview

• Principles of ventilation design for 
contamination control
– General exhaust ventilation
– Local exhaust ventilation

• Impact of ventilation on energy use
– HVAC systems used in industry
– Energy costs associated with HVAC use

• Optimizing energy use while protecting 
workers and the environment
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The Basics

• Ventilation is used as an end‐of‐pipe control 
to
– Reduce worker exposures
– Together with air pollution control devices, reduce 
environmental releases

• Every cubic foot of air that is exhausted from 
the plant will be replaced

• The replacement air must be conditioned
– This talk will focus on heating replacement air



44 .  25-Jul-11

Types of Ventilation for Contaminant 
Control

• General exhaust ventilation (GEV)
– Also called dilution ventilation
– Simplest, but usually not the best choice

• Local exhaust ventilation (LEV)
– More difficult to design, install and maintain than GEV
– Usually preferred to GEV

• Replacement air systems
– Also called make‐up air
– Largest source of energy use in ventilation systems
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General Exhaust Ventilation
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Typical Concentration Plot
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Maximum Concentration

Cmax = (GK/Q) x 106

Where
Cmax = contamination concentration (ppm)
G = contamination generation rate (ft3/min)
Q = GEV air flow (ft3/min)
K = mixing factor (dimensionless)
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Estimation of Generation Rate

• Easiest case – solvent evaporation
• Need some estimate of solvent use over time –
assume it all evaporates

G (cfm) = G(lb/min) x 453 g/lb x 24.5 L/mole
MW (g/mole) x 28.3 L/ft3

= 390 G (lb/min)
MW
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Estimation of Generation Rate, Cont.

G (lb/min) = G (pts/h) x 1.04 lb/pt x s.g.
60 min/h

= 0.017 x s.g. x G (pt/h)
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Local Exhaust Ventilation
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Comparison of GEV v. LEV

• GEV only reduces contaminant concentration, 
while a properly designed LEV system can 
eliminate worker exposure

• GEV generally requires much more air flow 
than a properly designed LEV system

• People choose GEV because it is simpler and 
has lower capital costs, but usually GEV has 
much higher operating costs
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Example – Vapor Degreaser

Assume:
• TCE used – TLV = 10 ppm
• G = 1 ft3/min TCE vapor
• K = 5
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GEV Calculation

The air flow required to hold the maximum TCE 
calculation equal to its TLV is:

Q = (GK/TLV) x 106

= (1 x 5/10) x 106

= 500,000 ft3/min !!!!!!!

AND – worker is still being exposed at the TLV!
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GEV Variables

• GEV is dependent on both the contaminant 
generation rate and toxicity

• E.g., if the TLV is 100 ppm, Q = 50,000 cfm
TLV is 1000 ppm, Q = 5,000 cfm

• Therefore, GEV makes more sense for low‐
toxicity exposures
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But if You Use LEV…..

Assume the tank is 3 ft long (L) by 2 ft deep (x).
Use a slot hood along the back side, assuming a 
capture velocity (Vc) of 150 ft/min:

Q = 2.8LxVc
= 2.8 x 3 x 2 x 150
= 2,500 ft3/min



2020 .  25-Jul-11

But You have to Optimize the LEV 
System!

Same example, but use a canopy hood located 3 
ft (H) over the degreasing tank:

The perimeter around the tank (P) = 10 ft

Q = 1.4PHVc
= 1.4 x 10 x 3 x 150
= 6,300 ft3/min
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Replacement Air Systems
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Gas Fired Replacement‐air Units
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By‐pass Steam System
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Annual Heating Cost

C
Qd tc
H

g f

f
=

0154.
η

Where
C = heating cost, $/year
dg = annual degree days at your location
t = hours/week replacement air system operates
cf = cost of fuel
η = efficiency of heating unit
Hf = heat content of the fuel
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Average
temperature
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Read the Globe
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Fuel Sources

Fuel BTU/unit Typical 
Efficiency 

(%)

Available 
BTU/unit

Coal 12,000 BTU/lb 50 6,000

Oil 142,000 
BTU/gal

75 106,500

Gas – Direct 
Fired

1,000 BTU/ft3 90 900

Gas – Indirect 
Fired

1,000 BTU/ft3 80 800
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Assume Oil in Boston

• Cost = $3.50/gal
• Degree days = 5633 @ 65 F
• Full‐time operation (168 h/wk)

C = 0.154(5633 dd)(168 h/wk)($3.50/gal)(Q)/106,500 
BTU/gal
= $4.80 per cfm per year to heat replacement air in 
Boston

For 40 hours/week, ~ $1/cfm/year

C
Qd tc
H

g f

f
=

0154.
η
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Let’s Revisit our TCE Example

• Assume 40 h/week operation, $1/cfm/year

GEV ‐ $500,000 per year

LEV – canopy hood ‐ $6,300 per year

LEV – slot hood ‐ $2,500 per year
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Payback Period

• Assume that the LEV system with a slot hood 
cost $20,000 more than the GEV system

PP = $20,000/($500,000 ‐ $2,500/year)

= 0.04 years = 2 weeks
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Another Example – Fume Hoods for 
Nanoparticles
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Breathing Zone‐ Conventional Hood
Transferring 100g Al2O3 Pouring 100g Al2O3

Note: Background concentration was subtracted.
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33

Airflow Pattern

Reference: Kim, AM. IND. HYG. ASSOC. J. 52(7):287-296 (1991)

Reference: C Pathanjali and M Rahman, IEEE 1996

Outside hood
Inside hood
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Alternatives to Conventional Hoods

• Biological safety cabinets
– Work well, but still high air flow

• “Nano” hoods
– Specifically designed for handling NPs
– Very low air flow
– Very high containment 

efficiency
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Optimizing energy use while protecting 
workers and the environment

• Use TUR to eliminate the need for exhaust 
ventilation

• If you must use exhaust ventilation, use LEV 
instead of GEV whenever possible

• When using LEV, have a knowledgeable 
ventilation engineer design the best system

• Optimize your replacement air system
• Pay attention to maintenance!
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Thank You!

Contact information:

Mike Ellenbecker
ellenbec@turi.org

www.turi.org

mailto:ellenbec@turi.org
http://www.turi.org/
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