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Executive Summary

The ESP-DLux® is a unique application ultraviolet (UV) light technology that facilitates
the use of UV in diverse environments to both clean the air and disinfect surfaces in indoor
environments. This shutter operated system is intended to operate in unoccupied rooms
to disinfect the air and surfaces. The system has a relatively high Luminaire efficiency
compared to typical Upper Room UV units. The disinfection of room air is rapid and high
equivalent air change rates (EACs) are achieved against a variety of indicator pathogens.
The internal airflow component delivers a Clean Air Delivery Rate of approximately 50
cfm which represents 2.6 ACH equivalent air changes in the model test room volume of
1152 ft3, based on the test pathogen MRSA. The In-room UV exposure component
performs as an Upper Room UV system and produces an equivalent of 53 ACH
equivalent in the model test room with MRSA as the test pathogen. The projected EACs
for all test pathogens greatly exceed the proposed recommendation of 6 EAC per
ASHRAE 241P. During operation the system produces an average irradiance in the room
of 0.157 W/m?, which will be maintained for as long as the system operates, producing
continuous disinfection of air and surfaces. The disinfection times for a variety of airborne
pathogens are computed under various operating conditions. The system is shown to
have a very high UV output (0.295 W/m?) when the enclosure is removed and rooms are
exposed to naked lamps.
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Introduction and Background

ASHRAE Standard 241P, Control of Infectious Aerosols, establishes minimum
requirements for HVAC-related technologies in buildings to reduce the risk of
transmission of airborne diseases in homes, offices, schools, hospitals during periods of
high risk. The standard provides minimum requirements for Equivalent Air Changes
(EACs) due to the combined effect of ventilation, filtration, and air cleaning for use during
Infection Risk Mitigation Mode. The standard addresses characterization of filter and air
cleaner effectiveness.

The relevance to the UV industry is that a target value for EAC will be set for indoor
environments and that target EAC will establish a design basis for UV implementations.
Many previously published UV studies indicate that Upper Room and In-room UV air
disinfection systems can produce very high EACs, relative to some tested species.
Analysis indicates that outside airflow combined with UV can produce high EACs but that
UV is considerably more effective and fast-acting than the typical outside airflow rates
being discussed by ASHRAE (i.e. 6 ACH or EAC). Therefore, increasing outside air is not
the answer and reliance on air cleaning technology will be more effective. Analysis also
suggests that low levels of outside air will improve overall UV system disinfection
efficiency.

The cost of using outside air is high and may entail energy costs in Winter and Summer.
The use of UV is considerably more economical in terms of $/EAC. Both UVC and Far-
UV can be implemented with cost savings to facilities.

The industry should embrace ASHRAE 241P in that it is the only document which gives
specific, workable guidelines. The end result of ASHRAE 241P will be the assignment of
EACs to all UV systems as a basis for comparison, and for performing energy and
economic analysis. This will be a positive development for the UV industry.

The performance standards set by ASHRAE will depend on performance test results. For
Upper Room UV and In-Room Far-UV devices several model room test protocols are
available and examples are presented in Table 1. Both ASTM E3273 and ASHRAE 185.3
are appropriate for testing Upper Room systems and these require measurement of the
removal efficiency (disinfection efficiency) and the airflow. Based on these results the
EAC can be computed depending on whether the test was a Transient of Steady State
test.

Table 1: In-Room UV Air Disinfection & Filtration Performance Tests and Standards

Subject Org Standard No. Test Setup Measured Parameters Reference
UV Air Cleaners AHAM AC-5 Model Room Removal efficiency & airflow  AHAM 2022
UV Air Cleaners ASTM E3273-1 Model Room Removal efficiency & airflow  ASTM 2021
UV Air Cleaners ASHRAE 185.3P Model Room Removal efficiency & airflow  ASHRAE 2023
Air cleaners ASHRAE 185.5 Model Room Removal efficiency & airflow ASHRAE 2022
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Summary of System Performance

Analysis of the equivalent air change (EAC) rate of the ESP-Dlux shows superb
performance when compared against the guideline recommendations, easily exceeding
the proposed 6 ACH equivalent. Compared with CDC guidelines for Upper Room UV
systems, the system provides over twice the recommended input power for a patient-
sized room (200 ft?) and delivers the irradiance more efficiently than a typical Upper Room
unit. The ESP-DLux® system specifications and positioning of the unit in the model room
are shown in Table 2. The Luminaire Efficiency was estimated to be 24% as explained
later.

Table 2: System Specifications

Lamp Model ozone free G30T5LU
Input Power 32 w

UV Power 11 w

Length 353 mm

Base B36

OD 15 mm

Total UV Power 22 w

Luminaire Efficiency of the Enclosure

The enclosure is modeled as a rectangular box with an outlet area equivalent to the
rectangular outlet area just above the lamps. The equivalent rectangular dimensions are
shown in Table 3. The internal spherical irradiance was modeled with a detailed finite-
element UV lamp model and this irradiance proved to be 72.9 W/m?2. The spherical
irradiance defines the UV exposure of spherical microbes and can differ from cosine-
corrected photosensor measurements which measure irradiance on a flat plane. The
irradiance across the open hole area where the light exits was divided by the total
irradiance exiting the four lamps, and this ratio represents the luminaire efficiency (LE),
or what fraction of light exits the luminaire. The ratio proved to be 0.24 or a 24%
Luminaire Efficiency, which is much higher than typical Upper Room UV systems that
measure out at about 10%-15% LE. UV Safety testing performed by Intertek Labs verified
the lower room irradiance levels did not exceed NIOSH Threshold Limit Values (TLVs) at
the fan outlets.

Establishing the LE allows for the system to be more accurately modeled and the first
component to be modeled is the internal UV air cleaning component consisting of fans
moving the air through the enclosure at 50 cfm. The exposure times of 0.87 seconds
produces a UV dose of 63 J/m?. By itself, the 50 cfm airflow component produces in
excess of 99% kill rate against the test microbes and so the clean air delivery rate (CADR)
is approximately 50 cfm and the EAC computes to be 2.6 ACH equivalent.
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Table 3: Enclosure Model Specifications

Airflow 50 cfm
141585 m3/min

Exposure Time 0.87 sec

W 17.70 cm

H 66.00 cm

L 17.70 cm

Area Side 52.27 in2

Volume 1150.04 in3
0.02 m3

Square side equivalent 7.23 in

Open Hole Area 0.06 m2

Surface Area " 053 m2

Luminaire Efficiency 0.24

Average Irradiance 72.9 W/m2

UV Dose 63.423 J/m2

URV Rating 17

EAC 2.60 1/hr

The Box Model is an evaluation of the irradiance inside the Dlux enclosure. The irradiance
at the box outlet was evaluated to confirm that the luminaire efficiency was at least 0.24.
The average irradiance inside the box was found to be 83 W/m? with an assumed internal
reflectivity of 0%.

The Room Model

The model room for testing is 12'x12'x8 or 1152 ft3 (32.6 m3). This is an appropriate
volume for the room test and is larger than the 21 m® model room used by ASHRAE, the
24 m® model room used by ASTM, and the 28.5 m?3 model room used by AHAM. The CDC
TB guideline uses a 200 ft?> room with an 8’ ceiling for a total volume of 45.3 m3. This 32.6
m?3 model room sits appropriately within the range of model test rooms.

The unit is located at 7 ft. height in the 12’x12’x8” model room which has dimensions as
shown in Table 4. The reflectivity of the room surfaces is assumed to be zero for the
baseline condition. The reflectivity is assumed to be 25% in a second analysis for
comparison. A third analysis is performed to evaluate the effects of removing the
enclosure completely and allowing naked UV lamps to operate on the room air and
surfaces.
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Table 4: Room Model Dimensions

Width 12 ft
365.76 cm

Length 12 ft
365.76 cm

Height 8 ft
24384 cm
Volume 32.621007 m3

Unit Location

y 7 ft
213.36 cm

X 6 ft
182.5 cm

z 0 ft
0 cm

Table 5 shows the Time in minutes for the indicated kill rates (99% & 99.9%) for
pathogens where it can be seen that 99.9% disinfection of MRSA would occur within 8
minutes. Table 6 shows the time to kill 99% & 99.9% of the indicated pathogen species
when 25% room surface reflectivity is assumed and this shows further reduction in
disinfection times. Tables 7 shows the results for naked lamps and the time to kill the
pathogens is significantly reduced over the baseline.
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Table 5: Time (Minutes) for % Kill Rate - 24% Luminaire Efficiency

UV Irradiance, W/m2 0.157
% Kill Rate UV k, m2/J 99% 99.90%
Coronavirus (SARS) 0.35 1.40 2.10
MRSA 0.0929 5.26 7.89
Pseudomonas aeruginosa 0.0751 6.51 9.76
Clostridium difficile spores 0.01215 40.24 60.35
Candida auris 0.0108 45.27 67.90

Table 6: Time (Minutes) for % Kill Rate - 25% Room Reflectivity

UV Irradiance, W/m2 0.199
% Kill Rate UV k, m2/J 99% 99.90%
Coronavirus (SARS) 0.35 1.10 1.65
MRSA 0.0929 4.15 6.23
Pseudomonas aeruginosa 0.0751 5.14 7.70
Clostridium difficile spores 0.01215 31.74 47.62
Candida auris 0.0108 35.71 53.57

Table 7: Time (Minutes) for % Kill Rate - Naked Lamps

UV Irradiance, W/m2 0.295
% Kill Rate UV k, m2/J 99% 99.90%
Coronavirus (SARS) 0.35 0.74 1.12
MRSA 0.0929 2.80 4.20
Pseudomonas aeruginosa 0.0751 3.46 5.20
Clostridium difficile spores 0.01215 21.41 32.12
Candida auris 0.0108 24.09 36.14




EHS Technical Report 0506072025A

Enclosure with 24% LE
80
B KR99% mKRS99.9%
70
60

8]
o

Time (Minutes)
'S
o

30
20
10
0
Coronavirus Pseudomonas  Clostridium Candida auris
(SARS) aeruginosa  difficile spores

Figure 1: Enclosure with 24% Luminaire Efficiency. Baseline condition with no room
reflectivity.

Enclosure with 24% LE and 25% Room Reflectivity

@
[=]

HKR99% mKR93.9%

Coronavirus Pseudomonas Clostridium Candida auris
(SARS) aeruginosa difficile spores

4]
[=]

B
[S)

Time (Minutes)
MW
(=] [==]

=
o

Figure 2: Enclosure with 24% Luminaire Efficiency and 25% Room Reflectivity.
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Naked UV Lamps
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Figure 3: Evaluation of naked lamps without the enclosure and with zero room reflectivity.

Table 8 summarizes the estimated EAC values based on the computed average
irradiance and the rate constant for MRSA, under each of the three configurations. These
EACs are relative to the indicated species MRSA only. More resistant microbes will

produce lower EACs.

Table 8: EAC Estimates from Irradiance Levels

Condition Baseline
Luminaire Efficiency 24
Box Reflectivity 0
Room Reflectivity 0
Species MRSA
k, m2/J 0.0929
lavg, W/m2 0.157
Volume, m3 32.62

EAC (1/hr) 53

24
0
0
MRSA
0.0929
0.199
32.62
67

25% Room Refl Naked Lamps

24
0
25
MRSA
0.0929
0.651
32.62
218
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Montreal Cannabis Expo 2022, Montreal, Quebec. Sep. 22",
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TX.

Kowalski, W.J. (2003). “Proposed Standards and Guidelines for UVGI Air Disinfection,” International
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Kowalski, W.J. (2003). Television Appearance: "American Environmental Review," hosted by Morley
Safer, May-June 2003, PBS.

Kowalski, W.J. (2004). “Modeling the Dispersion of Chemical or Biological Contaminants,” 2004
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Annual UV Air Treatment Conference, Chicago, IL, November 6.
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American Refrigeration Institute, Phoenix, AZ, November 15, 2004.
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Conditioning & Refrigeration Institute, Scottsdale, AZ, November 15, 2004
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Buildings.” I[UVA 2nd Annual UV Air Treatment Conference, Penn State, PA, December 10, 2004.
Kowalski, W.J. (2005), “Progress on Standards and Guidelines for UVGI Air Treatment Systems.”
IUVA Third International Congress on Ultraviolet Technologies, Whistler, British Columbia, May 25,
2005.

Kowalski, W.J. (2005), “Building Protection Factors.” IUVA Third International Congress on Ultraviolet
Technologies, Whistler, British Columbia, May 26, 2005.

Kowalski, W.J. (2005), “Aerobiological Engineering: Controlling Airborne Disease by Designing
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Kowalski, W.J. (2006), “Proposed UVGI Air Treatment Standards.” ASHRAE 2006 Winter Meeting,
Chicago, IL, January 15-16, 2006.
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Kowalski, WJ (2008). “UVGI in Ventilation Ducts and in Recirculating Room Air Disinfection Units.”
Engineering Methods for the Control of Airborne Infections, Harvard School of Public Health, Boston,
MA.

Kowalski W, Bahnfleth W, Hernandez M. (2009). “A Genomic Model for Predicting the Ultraviolet

Susceptibility of Viruses and Bacteria,” 2009 September 21-23; Amsterdam, The Netherlands.
International Ultraviolet Association.

Kowalski W, Bahnfleth W, Hernandez M. (2009). A Genomic Model for the Prediction of Ultraviolet
Inactivation Rate Constants for RNA and DNA Viruses,” 2009 May 4-5; Boston, MA.
International Ultraviolet Association.

Kowalski W, Bahnfleth W, Hernandez M. (2009). A Genomic Model for the Prediction of Ultraviolet
Inactivation Rate Constants for RNA and DNA Viruses. IUVA News June.

Kowalski, W.J. (2011). “Ultraviolet Genomic Modeling: Current Research and Applications.” 2011 May
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Software:

Kowalski, W.J. (2021). GROMAX: Grow lamp sizing software package, Aerobiological Engineering, Inc..

Kowalski, W. J. (2000). “UVD: UVGI System Design Program.” Proprietary software package developed
for Ultraviolet Devices, Inc., Valencia, CA

Kowalski, W. J. (2001). “UVH: Ultraviolet Air Treatment Application Guide.” Proprietary software
package developed for Honeywell, Inc.

Kowalski, W. J. (2001). “BCT: Air Sampling Analysis Program.” Proprietary software package developed
for BioChem Technologies, LLC.

Kowalski, W. J. (2003). “UVS: Specular UVGI System Design Program.” Proprietary software package
developed for Immune Building Systems, Inc., New York, NY.

Kowalski, W. J. (2003). “Vmod: Modular Coil Irradiator Selection Guide.” Proprietary software package
developed for Ultraviolet Devices, Inc., Valencia, CA

Kowalski, W. J. (2003). “V-Smart: Return on Investment Calculator.” Proprietary software package
developed for Ultraviolet Devices, Inc., Valencia, CA

Kowalski, W.J. (2013). “UV3: Genomic Sequence Analyzer.” Proprietary Software developed for
Aerobiological Engineering, LLC.

Other Activities

o Dr. Kowalski was involved in the design of a UV LED system for NASA’s Microgravity Glovebox
which was launched to the International Space Station in January of 2014. NASA lists Dr. Kowalski
as a Subject Matter Expert in the area of ultraviolet germicidal irradiation (UVGI).

o Dr. Kowalski has been an expert witness in hospital litigation and has assisted in the resolution of
patent infringement cases.

o Dr. Kowalski is a Certified Fallout Shelter Analyst (CFSA) and has designed retrofits for US Federal
fallout shelters to incorporate UV air disinfection systems.

o Dr. Kowalski provided support to the US Army, the Pentagon and the NYPD during the post-911
anthrax attacks, providing information on biodefense systems and the disinfection of buildings
contaminated with anthrax.

e Dr. Kowalski is a member of the Underwriters Laboratories UL8800 Committee for Ultraviolet
Photobiological Safety.

o Dr. Kowalski was a participant in E35 and D37 Working Groups for ASTM Standards being
developed for Air Disinfection, Bacteria Monolayers, and Cannabis (2020.2021).

o Dr. Kowalski has two patents, the Space-1 area disinfection systems (PurpleSun) and the Bacteria
Monolayer Spray System (PurpleSun).

o Dr. Kowalski was a participating member of the ASHRAE 185.3 and 185.4 Technical Committees
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e Participating member of the [IUVA Canadian Regulatory Committee.
o Participating member of the [UVA Education Committee.
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