David Skelton

CEO
Evergreen UV LLC

SPONSORED BY:



EvergreenUV

Environmental Disinfection

UVC Fundamentals:
Integrating UVC to: é

Improve AHU Thermal Efficiency
Cut HVAC energy costs 18-20%

Reduce Pathogen Load / Improve IAQ
Reduce Sickness and Absenteeism

Eliminate Chemical Coil Cleaning
Reduce Labor & Maintenance Costs



David Skelton Z EvergreenUv

Chairman of ASHRAE TC-2.09
UV Air and Surface Disinfection

ASHRAE Subject Matter Expert (SME)
and published-data peer-reviewer

Voting Member, ASHRAE GPC-37
Upper-Air UVC Disinfection

Voting Member, ASHRAE SPC-185.1, and 185.2
Test standards for air and surface treatment

Voting Member, Underwriters Laboratory UL
STP 60335-2-40 Standards Committee

Advisory Panel, US TAG for ISO/TC-142,Technical panel committee
for cleaning equipment for air and other gases.




The Science of UVC

UVC Dose = Intensity x Exposure (dwell) Time
UVC energy is cumulative

Air Disinfection vs. Surface Disinfection

Air moves through AHU Contaminated cooling coil are
at 500 f/m (@ 40° F) exposed for 86,400 seconds per day

2 second moving 86,400 second surface
alr exposure exposure / 24 hours

A high-intensity dose of UVC A low-intensity dose of UVC energy is
IS required to achieve the needed

desired level of disinfection.
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Minutes required for a removal efficiency of:

—
¥

Ventilation and Dilution

ACH 20% 99% 99.90%
1 138 276 114
2 69 |38 207
3 46 92 138
4 35 69 104
3 24 3 853
& 23 46 69
7 20 30 59
8 17 35 52
9 15 il 46
10 14 18 41
11 13 25 iz
12 12 23 35
13 11 21 32
14 10 20 E11]
15 9 18 28
16 9 17 26
17 8 16 24
18 8 15 23
19 7 15 22
20 7 14 21
23 & 11 17
3l > kS 14
35 4 8 12
40 3 7 10
45 3 f 9
50 3 b 8

ACH reduction of airborne-
contaminates. Source:

CDC Guidelines for:

American Conference of
Governmental Industrial
Hygienists

US Department of Health
Education and Welfare

Public Health Service, DHS
publication (NIOSH) 74-117
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The Science of UVC &

UVC = 18-19 ACHe

Wiadystaw
ol Outside air (OA)
W . and/or air changes per
d iy hour (ACH) can be
Ultraviolet effectively reduced
Germicidal using UVC.

Irradiation
Handbook

UVGI for Air and
Surface Disinfection

Y an P .
! bprmger
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The Science of UVC

Y

Airborne Pathogens commonly found in K-12 Schools, with reduction / removal rates
achieved by filtration only and/or filtration and UVC treatment

Pathogen Common Pathogen Alrhorne. Pathogen Airborm:. pathogen

name Size Reduction: Filter Only Reduction: Filter + UVC

Dia. um MERVS | MERV 10 Heve | v
Influenza A virus Flu 0.098 12 1= 63.75 97.55
Avian Influenza Virus Bird Flu 0.098 12 13 59.58 98.65
Varicella Zoster Chicken Pox 0.2 11 12 59.20 98.20
Measles Measles 0.329 10 10 58.28 96.65
Legionella pneumophila Legionella 0.52 15 16 82.77 99.79
Mycobacterium tuberculosis TB 0.637 19 21 99.90 99.90
Pseudomonus aeruginosa Pneumonia 0.494 14 15 99.90 99.90
Staphylococcus aureus Staph 0.866 28 30 69.87 99.33
Streptococcus pyogenes Strep 0.804 29 31 86.10 99.90
Average Pathogen Removal % 16.7 17.9 75.48 98.87

Airborne Pathogen Reduction Rates at specific MERYV filter + UVC Fixture ratings

£
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The Science of UVC &

URV-13 UVC fixture +
MERYV 13 filters =
e 99.9% reduction of
N ',/),« | airborne pathogens.
s |

Ultraviolet ~ same reduction as
Germicidal HEPA filters, but without
Irradiation the static pressure loss
Handbook and replacement costs

UVGI for Air and
Surface Disinfection
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® Engineering fohheWo e Li '

“UVGI can be readily applied to HVAC systems ...to
complement system maintenance by keeping coils,
drain pans, and other surfaces clean and free of
microbial contamination.

Stationary coil surfaces receive UVC doses many orders
of magnitude higher than microbes moving in air, making
It relatively easy... to maintain heat exchange
efficiency and design airflow by reducing the growth
of bacteria and mold on system components.”

X
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©) ASHR!

Engineering ftheWo We Live |

“Coil pressure drop is reduced and airflow is
restored. Because heat transfer is restored, this
combination can result In significant energy
savings, with payback of possibly less than 2 years.

The associated improvements in air quality may
reduce respiratory distress symptoms and thus
Improve attendance and work performance in all
occupied spaces.”
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Field Study of Energy Use-Related
Effects of Ultraviolet Germicidal
Irradiation of a Cooling Coil

Joseph Firrantello, PE William Bahnfleth, PhD, PE
Member ASHRAE Fellow ASHRAE
Ross Montgomery, PE Paul Kremer

Fellow ASHRAE

ABSTRACT
Tihe EHEEY durg-teilated |_~t.'f.?r'~:?'.r of “neltraviolet germeicidal drvadiation (UTGL) to meitipate .";'r'n.'rnﬁf':‘::rr__."h.'n':".u:g fi .'l&-ln?_l"hrr.':".u:g,' of ‘@ olilled water cooling coil are
T ﬂ:'g:a"rn" I haemedel elimnale £3 meonitored

Jor 3wl o i P ressure d rop i m proved 1 1 %; Heat e el Daematelily b veant

. = . mre diop A UTCGT codf
transfer coefficient improved 14%” |, ... wioed oo
a period of 14 ORI, TI6 ange 10 QDETEI0n 1 EIwarea U) (mpaiing daia Jrom T0F Dareine ana por-iradanon periodrs,  The 93% mafidence
anttervads for average improvenent of cotf airride presee drop and heat transfer coefficent ave T1.07% fo T1.7 3%, and 14.5% to 14.6%, regpectivay.
Coamplencitier of the physical phenomena fnvolved, in paiiaan, the ombined offed of aiflow and fatent foad on aivside pressave dropy, are faken fnfo

aid doaiitras
drvadiation ry
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Clean Coills vs Dirty Coills

The only difference...... uve
Restores & Keeps HVAC units
operating at original
specifications.. ..

il
il
il
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HELPING HVACR MANAGERS RUN BETTER susiesses SINCE 1944

The Hidden value of uv-C — ACB Exclusive

Contracting Business
by Forrest Fencl
Fri, 2013-08-09 09:18

widely embraced in the 1990s as & cure for Sick Building Syndrome, Ultraviolet-C technology today

<

provides an unmatched efficiency boost for HVAC systems:

While the use of Ullraviolct-C gUV—C) light in today’s modern heating, yentilation and air
conditioning (HVAC) equipment is now commonplace, it wasn't always that way. In fact, now known for
delivering upwards of 25% energy savings, boosting airflow and extending HVAC equipment life, UV-C

technology 80t its start by providing cleaner, healthier air-

The obvious value
of UVC is pathogen
reduction, but the
th.lden value of UV-
C is its ability to
restore cooling
CaPaCity, reduce
maintenance and

|ncr.ease energy
SaVIngs_”

During the mid-19908, UV-C became popular in commercial air handling equipment to help mitigate
the indoor air quality (IAQ) issues dominating the concerns at that time. 1,2,3

During this period, 1AQ investigations
d'\scovered that the dark, cool and moist

\ environment of an air handling unit (AHU)
offered @ perfect breeding ground for
unhealthfulorganisms - primar'\!y fungi and
s bacteria — and that these organisms and their
\ by-products could be efficiently spread

‘ o W W % throughout occupied spaces: Researchers

\ e established causal links between the bacteria
and allergic rhinitis, asthma, humidifier

Temperatures

\ 4.0 percent greater temperature differential

fever, and similar relationships with

|
\U et bulb temperatures

hypersens'\tiv'\ty Pneumonitis and their toxins

(endotox'ms and mycotox‘ms) as causing @

variety of toxic effects, jrritation and odors. Hospita\s, with immunocompromised pal'\ents, were of even

greater concern.#

Mold, the most common allergen, easily grew in the dark and moist environments of air conditioning
systems, pr'\mar'\\y on cooling coils, and was found to proliferate yea\'-round. Continuous exposure t0
mold and mold products can initiate the release of histamines, inflame mucus membranes and often

lead to itchy eyes, seratchy throats, congesﬁon, chronic sinusitis, headaches, breathing difficulties, and

were also thought to contribute to asthma attacks and other complications — all of these were reported
symptoms of that period.

Solving Sick Building Syndrome

L EvergreenUV
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The Hidden value of uv-c—A CB Exclusive

by Forrest

£, 201308090918

Widely embraced in the 1990 as a cure for Sick Building Syndrome: Ultraviolet-C technolog¥ today
provides an anmatehed efficiency’ ‘boost for HVAC systems:

‘While the use of Ultr At in today’s modern ‘heating, ventilation and air
conditioning (HVAQC) equ! ment is ¢ mmonplace; it wasn't always that way. In fact. ‘now known for
dclivering upwards of 25% energy savings: boosting airflow and extending HVAC equipment life: uv-C
technology got its start by providing cleanet: healthier air.
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During the mid-1990% {V-C became popular it commercial air handing quipment to help Mg
the indoor air quality (1AQ) issues dominating the concerns at that time- 123
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| During this period, 1AQ investigations

| discovered that the dark, cool and moist

| environment of an air handling unit (AHU)
\‘ offered a perfect breeding ground for

| unhealthfulorganisms — primarily fungl and
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\ | fever, and similar relationships With

% el temperat e | ypersensitivity ‘pneumonitis and their toxins
(endotoxins and mycotoxins) as causing &

Jariety of toxic effects: rritation and odors- Hospitals, with mmunocompromised patients, were of evett

greater concern.d

Mold, the most common allergen casily grew in the dark and moist environments of air conditioning
systems, primarily o cooling coils, and W found to proliferate year-round. ‘Continuous exposure 1
mold and ‘mold products cat initiate the release of histamines, inflame mucus membranes and often

y eyes, seratehy throats, congestion: chronic sinusitis, headaches, breathing ifficulties, and
re also thought ¢ ks and other complications = “all of these were report
symptoms of that period-S

Solving. sick Building Syndrome
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UV-C goes GREEN /

Tha Saures far
Building Ownars
and Facility
Executives

Friday, 7/2/04

Savings Come To Light:UVC Lights Improve IAQ And Provide Unexpected
Efficiency Gains

UV expected mold and odor control, but
unepexctedly achieved “...a 30% increase in cooling
capacity and energy savings of > 20%...”

And when City of Industry, CA-based Southern California Air Conditioning Distributors (SCACD),
one of the world's largest Carrier distributors, installed UVC lights in its 30-year-old administrative
facility, members of the buillding staff expected it would control mold and non-specific odors. What
they didn't expect was that the lights would also rejuvenate coils and allow greater heat transfer,

resulting in an impressive 30% increase in cooling capacity and annual energy savings of more
than 20%.

N\
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UV-C goes GREEN

Air Conditioning Heating Refrigeration News

‘Ultraviolet lights clear the air, reduces costs for Dallas utility”

... aconservative 28% reduction in total a/c system energy usage
(based on energy @ $0.054 per kWh) and 300-plus kWh savings over
3,600 operating hours, which exceeded $58,300. ...the UVC system paid
for itself in less than five months.

S1ISMITICANT (deCTease 111 eNergy nsage.

Throughout the brutal 1998 summer, he says. the company was able to cool the near
500,000-sq-ft bulding on a maximum of three, 300-ton chillers mstead of the customary
four. That amounts to an estimated 300-plus kW reduction when factoring in the related
equipment.




UV-C goes GREEN

The Sourea far
Euilding Cwnars
and Facility
Executives

Friday, 7/2/04

Savings Come To Light:UVC Lights Improve |IAQ And Provide Unexpected
Efficiency Gains

When Central & Su:-u_th West Corporation (C5W), a Dallas, T}f{—based _utilil‘;.r: nstalled uliraviolet

LT e L Y 1Y - Los. L - | {8 S T T H

..30% increase in cooling capacity and annual energy savings
of more than 20%...

And when City of Industry, CA-based Southern California Air Conditioning Distributors (SCACD),
one of the world's largest Carrier distributors, installed UVC lights in its 30-year-old administrative
facility, members of the building staff expected it would control mald and non-specific odors. What
they didn't expect was that the lights would also rejuvenate coils and allow greater heat transfer,

resulting in an impressive 30% increase in cooling capacity and annual energy savings of more
than 20%.




UV-C goes GREEN

Ultraviolet Light for Coil Cleaning In School

Morten H. Blatt, Stacia Okura, and Bradley Meister, P.E.
March 1, 2006

Poor indoor environments in schools influence the health, performance, and attendance of
students. Manv existing school space conditioning systems have dirty cooling couls, drain

...dirty coils are fouled by growth of microorganisms ...

1AL TatT Catl Proguce OPTIal STIRAETIT and TEACIET PETTIOMNAnce.




UV-C goes GREEN

“The use of UVGI in the vicinity of cooling coils
has the potential additional benefit of
improving heat transfer and more efficient
equipment operation.”

EPA Report, “Building Retrofits for Increased
Protection Against Airborne Chemical and
Biological Releases” Pg. 57




GETTING
CLEAMN AMD
GReeN WITH
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Using ultraviolet lightin HVAC systems to eliminate harmful airborne compounds

continues to grow in popularity—and credibility—in today’s marketplace.

BY ROBERT SCHEIR, PH.D.

Under a New Light” focused on the growing accep-

tance of ultraviolet C devices designed specifically for
installation in HVAC systems (the C wavelength of the UV
spectrum targets microorganisms’ DNA, destroying their cells
or making replication impossible). Two years later, this trend
of acceptance continues as growing numbers of contractors,

T he March 2008 RSES Journal article “Putting UVC

engineers, building owners and professional organizations rec-
ognize the multiple benefits of germicidal UVC technology.

One example is the Rio Grande Regional Hospital in
McAllen, TX, which has reported dramatic energy savings
since adopting UVC lights. In a 6-month test period from
January-May 2009, electrical costs dropped 29.5% over the
same period in the previous year, despite a hike in utility
rates. The hospital estimates an annual savings of $500K /year
since the initial test.

And after outfitting more than 100 air-handling units in
seven of its campuses in the Orlando, FL-area with UVC,
Florida Hospital found the UVC devices to be an excellent

18 RSES Journal MARCH 2010

alternative to coil cleaning. Florida Hospital has successfully
eliminated more than 200 coil-cleaning procedures annually,
saving $500-$6,000 per cleaning. The USGBC also has ap-

proved UVC for energy conservation.

Update on sccepbtance
One important form of acceptance accorded to UVC has come
from ASHRAE. The updated “2008 ASHRAE Handbook—
HVAC Systems and Equipment,” contains a new technical
chapter titled “Ultraviolet Lamp Systems"—ASHRAE’s first
formal inclusion of UVC in its recommended practices. It in-
cludes a review of the fundamentals of UVC germicidal en-
ergy’s impact on microorganisms; how UVC lamps generate
germicidal radiant energy; common approaches to the appli-
cation of ultraviolet germicidal irradiation systems for upper-
air room, in-duct, and surface cleansing; and a review of hu-
man safety and maintenance issues.

Another recent UVC publication is the “ASHRAE Airborne

Infectious Diseases Position Document,” published in June

www.rsesjournal.com

UVC Benefits:

* IAQ & Infection Control
* Energy Savings

« Maintenance Savings

* Equipment Service Life
» Water Conservation

« LEED Contribution

March 2010 RSES Journal
(Refrigeration Service Engineers
Society)




Tennessee Board of Regents ‘Green Project’

University of Memphis, Main Campus
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State of Kentucky
State Capitol Legislative Office Buildng
$52,000 annual savings (2.5 yr ROI)




Kentucky State Supreme Court and Reception Center



State of Kentucky
Department of Libraries and Archives
$16,000 annual savings (2.9 yr ROI)




Center for Kentucky History
Kentucky Historical Society & Museum
$8,500 annual savings (2.0 yr ROI)




Kentucky Public Service Commission
$6,800 annual savings (2.9 yr ROI)




Conclusion

UV Air and Surface
Disinfection Application is
“best practice” for improved
Indoor Environmental Quality
and Energy Efficiency in ALL
New Construction and ALL
Retrofits of Existing Buildings




Conclusion UVGI = +ROI

The largest costs for Bldg. Owners:

* People / labor costs. UVGI reduces occupant sickness,
absenteeism and liability, while increasing employee
performance.

* Energy costs. UVGI reduces coil fouling, chemical use
and maintenance labor, while increasing heat transfer,
air flow and equipment life = +ROI



Conclusion

UV Air and Surface Disinfection Application
is “best practice” for Improved Indoor
Environmental Quality and Energy
Efficiency in ALL New Construction and
ALL Retrofits of Existing Buildings
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