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} ASHRAE is a Registered Provider with The American Institute 
of Architects Continuing Education Systems. Credit earned on 
completion of this program will be reported to CES Records 
for AIA members. Certificates of Attendance for non - AIA 
members are available on request.

} This program is registered with the AIA/CES for continuing 
professional education. As such, it does not include content 
that may be deemed or construed to be an approval or 
endorsement by the AIA of any material of construction or 
any method or manner of handling, using, distributing, or 
dealing in any material or product. Questions related to 
specific materials, methods, and services will be addressed at 
the conclusion of this presentation.
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}Describe how germicidal ultraviolet light 
inactivates microorganisms

}Compare the ultraviolet susceptibility of different 
pathogens in terms of the UV rate constant

}Use dose - response relationships in the design of 
UVGI systems

}Understand germicidal light source options and 
their most important application characteristics.

}Distinguish between and the main types 
ultraviolet air and surface treatment equipment 
and their applications
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Disease Annual Mortality (1995 data)

Acute lower respiratory infections 4.4 million

Diarrheal diseases 3.1 million

Tuberculosis 3.1 million

Measles >1 million

Pertussis 355,000

ASHRAE UVGI Short Course 6

Transmission commonly occurs indoors due to 

proximity and favorable environment for pathogens



ƁC = new infections
ƁS = number of susceptibles
ƁI = number of infectors
Ɓq = number of infectious doses
Ɓp = pulmonary ventilation rate per susceptible
Ɓt = exposure time
ƁQ = flow rate of uncontaminated air

} Ventilation reduces risk by reducing exposure
} Filters and air disinfection device performance can be 

expressed as equivalent ventilation rate
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} 1892 Germicidal effect of UV on B. anthracis shown

} 1909 First UV water treatment plant

} 1936 Overhead systems applied in hospitals

} 1937 Upper air systems applied in schools 

} 1940 Application to HVAC systems

} 1999 WHO recommends UV for TB control

} 2003 CDC sanctions use of UV for TB control
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}Wells, Wells, and 
Wilder (1942)

} Interventions in two 
schools in 1937

}Upper air UVGI
}Tracking of 

infectious disease 
outbreaks
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Am. J. Hygiene (1942)
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} Compare normal cleaning and 
UVC room decontamination no 
HAI pathogens (Wong, et al. 
2016)

} Conventional cleaning (peroxide 
and detergent) or automated UV

} Cleaning - no significant 
change in number of rooms 
where contamination was 
detected

} UV ðlarge reduction in 
contaminated rooms and in 
counts
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}UVGI Disinfection

} Inactivation Rate Constants

}Germicidal Sources

}UVGI Systems and Applications

}Photodegradation of Materials

}Maintenance

}Health and Safety Considerations
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ÅUV Spectrum

ÅMicrobial Dose Response

ÅMicrobial Susceptibility
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State of the art is based on 254 nm UVC

ñUltraviolet Germicidal Irradiationò (UVGI)



}UVC damages 
DNA/RNA of 
microorganisms (virus, 
bacteria, fungi) 

}Microorganisms 
inactivated , i.e., 
become unable to 
replicate
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2019 ASHRAE HandbookðHVAC Applications, Ch. 60, Fig. 3

Mainly UVC, some UVB effect, max ~265 nm UVC
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} To a first approximation:

ƁS = surviving fraction of 
initial population

Ɓk = deactivation rate 
constant (cm 2/µW - s)

ƁI = UV fluence (µW/cm 2)

Ɓt = duration of exposure (s)

ƁIt = D = òdoseó (ÕJ/cm2)
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}k varies by orders 
of magnitude

}Smaller k Ҷ more 
resistant

}Repeatable k
measurement is 
difficult
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ƁBacillus anthracis (bacterial spore) 
¶Water: 0.000056
¶Surface: 0.0002702

ƁMycobacterium tuberculosis (vegetative bacteria)
¶Water: 0.0004773
¶Air: 0.0047210

ƁInfluenza A (RNA virus)

¶0.0010103 (water)

¶0.0011900 (air)

ƁMeasles: 0.0010510 (RNA virus, water)

ƁMHV coronavirus: 0.00377 (RNA virus, air)

Sources: Kowalski, Wladyslaw. 2009. Ultraviolet Germicidal Irradiation Handbook. Berlin: Springer-Verlag Berlin Heidelberg.

.              Walker, C. and G. Ko. 2007. Environ. Sci. Technol. 41:5460-5465.  (Coronavirus)
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ÅLamps

ÅBallasts

ÅImpact of Ballast Selection

ÅOperating Characteristics

ÅEffects of Important Environmental Factors
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} Current generation uses same technology as fluorescent lamps

} Typical lamp

Ɓ Low pressure Hg vapor or amalgam lamp

ƁElectric field excites vapor, which emits UVC mainly at 253.7 nm

ƁUVC nominally ~20% ð30% of input power

Ɓ Quartz or soft glass tube with high UVC transmittance
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}Lamp shapes
ƁSingle tube

ƁBiaxial (twin tube)

ƁU- tube
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http://www.americanairandwater.com/lamps.htm


}Output Level

ƁStandard output (425 ma)

ƁHigh output (800 - 1200 ma)

ƁHigh output lamps may operate at higher temperature than 
standard output lamps, with benefit for some applications
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Note: 1 m/s @198 fpm



}Cathode types
ƁHot cathode
¶Coated filament, 

thermionic effect

¶Higher output than cold 
cathode

¶Starts affect life

ƁCold cathode
¶High - voltage potential 

ionizes gas in lamp

¶Lower power/output 
than hot cathode

¶Long life, not affected by 
starts
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}Ballast = power supply

}Provides high starting 
voltage, then controls 
to safe operating 
current

}Ballasts should be 
matched with lamp per 
manufacturerõs 
recommendations

}Starting mode

ƁPreheat

ƁRapid start

ƁInstant start

}Types

ƁMagnetic

ƁElectronic

}Dimming ballasts 
are available but 
not in common use
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}Ballast selection affects lampé
ƁOutput

ƁLife

¶Hot cathode ~5000 ð10,000 h (affected by cycling)

¶Cold cathode ~20,000 h

ƁEfficiency (e.g., high frequency electronic vs. 
electromagnetic)

}Ballast may also create audible noise 
(electromagnetic), EMI/RFI (electronic), and 
affect power quality
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Depreciation Hot Cathode Life
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Depreciation minimally ~15% but may be up to 50%

Typical life ~8000 h for hot cathode, but affected by application
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} Lamp output depends on vapor pressure inside lamp

}Vapor pressure controlled by the coldest temperature 
on the lamp tube ñòcold spot temperatureó

}Cold spot temperature depends on:
ƁLamp shape

ƁLamp orientation

ƁAir velocity and temperature

ƁPower input to lamp

}Standard rating conditions ñroom temperature, still 
airñoften do not represent application conditions

}Sleeved lamps reduce wind chill but at significant cost
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1 m/s = 196 ft/min, 15.6ÁC = 60ÁF, 35ÁC = 95ÁF
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Center (flow left to right)
Socket end
(hot spot at cathode)
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}Factors
ƁDepreciated output
ƁPeak capacity adjusted 

for wind chill

}Example
ƁDepreciation of 20%
Ɓ15ÁC, 2 m/s wind chill

(59ÁF, 394 fpm) Ҷ 
~55% max
ƁOutput = 0.80 × 0.55

=  44% of max
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ÅUpper Room Disinfection

ÅIn- Duct Air Disinfection

ÅIn- Duct Surface Disinfection

ÅIn- Room Surface Disinfection
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}Fixtures located 
above occupied zone

}Fixture directs UVC 
horizontally to create 
a disinfection zone

}Natural or forced air 
movement brings 
contaminated air into 
zone
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ASHRAE Handbook ï2019 HVAC Applications, Ch. 62, Fig. 5



}Air distribution 
system not required, 
but good mixing 
ventilation helps

}Safety a concern 
because lamps are in 
occupied space

}Test for acceptable 
occupied zone 
exposure
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2019 ASHRAE HandbookðHVAC Applications, Ch. 62, Fig. 6
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}Oldest type of air disinfection system

}Good application for standard lamps

}Approved by U.S. Centers for Disease Control and 
Prevention/ National Institute for Occupational 
Safety and Health for control of tuberculosis

}NIOSH (2009): Environmental Control for 
Tuberculosis: Basic Upper - Room Ultraviolet 
Germicidal Irradiation Guidelines for Healthcare 
Settings

http://www.cdc.gov/niosh/docs/2009 - 105/pdfs/2009 - 105.pdf
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}Irradiance
ƁArrange lamps for 

uniform irradiance

Ɓ30 µW/cm 2 to 
50 µW/cm 2 average

ƁSuggested 
simplification
¶1.87 W/m 2 (0.17 W/ft 2) 

of lamps for floor area

¶6 W/m 3 (0.18 W/ft 3) of 
lamps for upper zone 
volume
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}Ventilation
ƁMixing preferred

ƁAdditive to 6 ach

}Humidity: <60% RH
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} Deactivate airborne 
microorganisms òon the flyó

} Typically installed in AHU and 
do dual coil/ filter cleaning 
duty

} Sizing of dual systems dictated 
by air disinfection 
requirements

} Typical target is 85% single 
pass inactivation at design 
value of k but may be much 
higher

} òTypicaló system ~0.02 W/cfm 
(0.04 W/(L/s)
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Downstream coil surface/air installation

Air -Handler òIn-Ductó Installation
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Air -Handler òIn-Ductó Installation

}System designed for 
99.98% single - pass 
inactivation



}Depending on application (flow conditions, 
disinfection goal), required fluence may be 100s 
of µW/cm 2

} In- duct system likely to require less lamp power 
than upper room system, however,
ƁCannot have an effective ventilation air change rate 

higher than supply air flow rate
ƁMay not be as effective at providing protection in a high -

density occupancy

} Installation upstream of cooling coils should 
minimize power requirements/cost but may not 
be best if coil maintenance is also desired
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} Irradiate coil or filter surfaces to 
control growth ñupstream/ 
downstream/both

} Reduces air - side flow resistance, 
increases heat conductance

} GSA P100 (2017 ed., 5.1, 5.2.6)

Ɓ òTier 3 High Performanceó systems

Ɓ Required for cooling coils, condensate 
pans, and other wetted AHU surfaces

} Wide range of opinions on sizing: 

Ɓ 5 mW/cm 2 on opposite side of coil

Ɓ 200 - 2000 mW/cm 2 on irradiated face
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Singapore Laboratory



}Multiple choices for 
lamp configuration
ƁDownstream

ƁUpstream

ƁBoth

}Considerations:
ƁIrradiate condensate pan

ƁTreat coil and filter bank

ƁImpact of air temperature 
on lamp output

ƁIs air disinfection a goal?
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}Permanently installed 
fixtures

}Healthcare 
application

}May have 
occupied/unoccupied 
modes
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}Standalone, portable

}May have ability to 
sense dose 
delivered

}Otherwise, use 
dosimeters
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ÅAffected Materials

ÅASHRAE RP- 1509
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