How UV-C
Can Reduce HVAC
Energy,
Maintenance Costs
and Improve 1AQ
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Chapter 60.8 ASHRAE 2015 Handbook

A Chemical and mechanical cleaning can be costly, difficult to
perform, and dangerous to maintenance staff and building occupants.
Furthermore, the systems performance can begin to degrade again
shortly after cleaning as organic and microbial deposits reappear or

reactivate.

AUV-C is an easy, cost-effective way to prevent the growth of

bacteria and mold on system components and keeping surfaces
clean continuously rather than fnperio
I meaning lower maintenance cost and, potentially, better HVAC

system performance.

A Removing and suppressing the formation of biofilms on coils should
reduce airside pressure drop, increase heat transfer coefficient,
and reduce fan and refrigeration system energy consumption.



ANSI/ASHRAE/ACCA Standard 180-2012
(Supersedes ANSI/ASHRAE/ACCA Standard 180-2008)

Standard Practice for
Inspection and
Maintenance of
Commercial Building

HVAC Systems



Purpose The purpose of this standard is to establish
minimum HVAC inspection and maintenance
NBIljdzZA NBYSyYy ia G§KFG LINBAaSNJI
acceptable thermal comfort, energy efficiency, and

indoor air quality icommercial buildings.

TABLE 5-2 Air Handlers
Inspection/Maintenance Task - | Frequency*
a ;"_hc\&. for particulate accumulation on filters. Clean or replace as necessary to cn\'llr;}‘rn;‘cr operation. Quarterly
b Check ultraviolet lamp. Clean or replace as needed to ensure proper operation. ()nuEﬂy

A Table 57- Coils and Radiators

A Table 515- Fan Coils, Hot Water and Steam
Unit Heaters

A Table 522- Rooftop Units



Position Documents

ASHRAE

ASHRAE Position Document on
Airborne Infectious Diseases

Approved by ASHRAE Board of Directors
January 19, 2014

Reaffirmed by Technology Council
January 31, 2017

Expires January 31, 2020

ASHRAE

ASHRAE Position Document on
Filtration and Air Cleaning

Approved by ASHRAE Board of Directors
January 29, 2015

Reaffirmed by Technology Council
January 13, 2018

Expires January 23,
2021
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Mold Growth In Filter




Mechanical & Chemical Cleaning
aSUK2Ra 52y Qi |




Case Studies



Bayview (AtlanTech) Case Study

12-story building built in 1973

412,000 sq. ft. Class A

A
A
A 3-chillers, 250, 430 & 750-ton
A 24 AHUs i 21 per floor

A

Houses 13 tenants, including:
» AT&T,
» Whole Foods and

» Landmark Worldwide

A UV install was to correct poor IAQ



CASE STUDY:
BAYVIEW TOWERS

AS seen In:

A Engineered Systemg Nov. 2013

A RSES JournaP Jan. 2014

w4 A BD+C2 Feb. 2014

# A Building Operating Managemeng Feb. 2014
A Mechanical Hub? Jul. 2014

A ACHR- Sept. 2014

A RetrofitSept/Oct 2014

BUILDING DESIGN building |

~elrofil

Mechanical Hub
mechanical-hub.com

MAGAZINE




The Bayview Report :

.  MECHANICAL RECEIVED JAN 2 4 200
<& p\\ SOLUTIONS, INC.

2050 Tigertall Bivd., Bay O » Dania Beach, 1. 33004 « Phone: 954-921.0079 » ¥ax: 954:921-0964

Quotes from the K & P report:

Another big item is not only the increase of air flow, but the significant decrease

in pressure drop across the cooling coils.

Thereds a slight i ncr e®B28ehoweverfarthe dmoumtr e S S ur ¢

of air increase, pressure drop should havebeen1 . 21 A4 but 1 t"'s only

In 5B not only did the air flow increase by 46.8%, the pressure drop

decreased by 10%. Thi s i s typi cal of most all of t

Also, the air leaving the coils has a lower dew point. This is amazing because

the increases air flow through the coils would normally raise the dew point.

System capacity Aincreaseso were more



The Problem



So What Happens?

Organic Matter Lowers Coil Eff. & CFMcreases CoflP

850 fpm
New Clean Coil:
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500 fpm
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Typical Responses To The Proble

Pump More Lower Coil Water Temp
Chilled Water

Speed up Fan

Centrifugal Fan and Motor Sheaves

diameter ~ diameter

Increased kWh _ Increased kWh Significantly
= Usage on Fan Usage on Pump Motors =~ Increases kWh
Motors Usage on Chiller

INCREASERD.GENERGY



Restoring Coll Efficiency

UV-C on the coil UV-C energy degrades Energy is reflected
organic matter through the coil

U
(R
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ey
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Week One




Harvesting Energy Savings
From A Restored Cooling Coll

Pump Less Raise Coil Water Temp
Chilled Water

Slow Down Fan

Centrifugal Fan and Motor Sheaves

F h I'I.I'F:I'tl..&hb.
Restored kWh - Restored kWh Restores
- Usage Usage = Significant

kWh Usage

SUYSTMINABERENERGY
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Georgla Tech




Florida Atlantic University




ASHRAE RP-1738

Field Measurement and Modeling of
UVC Cooling Coll

Irradiation for HVAC Energy Use
Reduction

Final Report
November, 2016



Results

A 21.65% to 21.70%ecrease(95% confidence)
IN mean coll airside pressure drop

A 14.5% to 14.8%05% confidence)icreasein
mean overalheat transfer coefficien(UA)




UV-C Energy Basics



Light Spectrum

Violet  Visible  Red

Ultraviolet
ays
' A ik
L 04'"

Middle Wave UV Lon?uv\gaxf uv

Cosmic
Rays

Vacuum | Short Wave UV
uv (UV-C)

(nm)

100 185 R54 300 315 400
200 280

Germicidal UV-C Lamp @ 253.7 nm



CellDestruction

Pi DNA

membrane N——

UV-C energy enters the cell

A Electromagnetic
energy breaks
through cell wall

A Damages DNA

A Cannot reproduce
or feed

Al Stf da5A

S
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DNA Damage

Before After

Incoming
U Phcton



http://en.wikipedia.org/wiki/File:ADN_animation.gif
http://upload.wikimedia.org/wikipedia/commons/2/2f/DNA_UV_mutation.gif

Fluorescent Lamps

ALYLIZNE 2NJ d2dzy1¢ 3ItAd aaT R2
A Contains Mercury (HQ)

A Contains Phosphor

A Contains Noble gaseg\rgon



UV-C Lamps

A Glass that transmits U&
I Quartz
i Sodium. I NR& dzY { Af A C
JtFaaéov
A Internal Phosphor isot used
A Contains Some Mercury (HQ)

Contains Noble gaseslypically
S P Argon or Neon / Argon mix

b |

Ew
Altg > -
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http://en.wikipedia.org/wiki/File:Germicidal_UV_discharge_tube_glow.jpg
http://en.wikipedia.org/wiki/File:Thermionic_filament.jpg

Fluorescent vs. UZ Lamps

Visible Light

Ultraviolet
Radiation

UVC Lamp

All fluorescent lamps generate an arc between two cathodes at opposite ends of a glass tube which excites
atoms of mercury. This generates ultraviolet radiation which causes a phosphor coating to fluoresce and
produce visible light.

Tube
Electrode

Inert Gas
Mercury




UV-C Lamps

A 9,000-18,000hrs of usefullife
(ASHRAEcommends 9,000rs)

A Similar to fluorescent lamps
I <5.5 mg of mercury
I Made on same machines

A Blue hue is only visible light
I ~ 5% of lamp output is visible ligh
(blue)

I Blue light is not an indicator of the
Invisible UMC wavelength!




UV-C Lamp Manufacturers

AGhTTF GKS {KStTFTE& O6[ AY
I Philips
i GE
I Osram/ Sylvania

A Custom manufactures (Any Size, Any Cap)
I Light Sources
I First Light
I Several Chinese sources



Philips Lamp Description Lamp Wattage Diameter Microwatt/CM2
Philips TUV 4W 4 T5 9
Philips TUV PL-S 5W/2P 5 PLS 9
Philips TUV 6W 6 T5 15
Philips TUV PL-S 7W/2P 7 PLS 15
Philips TUV 8W 8 T5 21
Philips TUV PL-S 9W/2P 9 PLS 22
Philips TUV 10W 10 T8 23
Philips TUV 11W 11 T5 26
Philips TUV PL-S | | W/2P 11 PLS 33
Philips TUV PL-S | 3W/2P 13 PLS 31
Philips TUV 15W 15 T8 48
Philips TUV 16W 16 T5 45
Philips TUV FI7T8 17 T8 88
Philips TUV PL-L | 8W/4P 18 PLL 51
Philips TUV PL-L 24W/4P 24 PLL 65
Philips TUV 25W 25 T5 69
Philips TUV 25W 25 T8 69
Philips TUV 30W 30 T8 100
Philips TUV PL-L 35W/4P HO 35 PLL 105
Philips TUV 36W 36 T8 145
Philips TUV PL-L 36W/4P 36 PLL 110
Philips TUV 36T5 40 T5 144
Philips TUV PL-L 55W/4P HF 55 PLL 156
Philips TUV PL-L 60W/4P 60 PLL 166
Philips TUV 64T5 75 T5 280
Philips TUV 36T5 HO 75 T5 230
Philips TUV PL-L 95W14P HO 95 PLL 250
Philips TUV 64T5 HO 145 T5 442

Lamp

Wattage/

Output

For a variety of low pressure
mercury TUV lamps, the irradianc
values at | meter distance are
expressed below.



2 Kl 52Sa !'{1w!?9
2015 Handbook Chapter 60.8

A Coil surfacdrradiancelevels on the order ofl |.1W/CI’T\2 can be
effective (Kowalski 2009) although 5000 puW/cntis more typical.

A The use of reflectors to focus lamp output on surfaces can reduce
the power required for surface treatmenthut at the expense of
reducing air treatment effectiveness.

A Modeling shows that applying.5 watts per
sguare foot of coil surface exceeds ASHRAE

recommendations.

*HPAC Magazin®ight Sizing UZ Lamps for HVAC ApplicatipBstober 2013
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HVAC Applications

ASurface: IrradiatiorCoils

Aln5 dzOGY dhy |

A Air/ In Room
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A Moving air stream

A Primary benefit is infection control 3
(including colds & flu)

A Health care, pharmaceutical facilities,
correctional facilities, bioterrorism, etc.




Surface Irradiation

95-98% ofALLUV-C applied in HVAC
Systems Is for Coll Irradiance and Systen
Maintenance

R Colls, drain pans, fans, filters, plenum box, etc.

R Continuous & restorative cleaning

R Maintains asbuilt performance

R Energy savings, improved IAQ, & comfort benefits



0 C¢ N xC Distibution

A Provides best energ
distribution

A Easier fitup with
fewest lamp lengths

A Remote ballasts
A Highest efficacy

A Lowest possible cos
of ownership




Notice the light
distribution.




360° Reflections Increase Dosage

3

Raytracing modelx Penn State University




HVAC Surface Cleaning

AbS¢g O2yaid NIz
I Preventive measure

I Maintains asbouilt conditions
and I1AQ

A Retrofit
I Problemsolving measure
(then)

I Maintains asbuilt conditions
and improves I1AQ




Safety Considerations:
Engineering Controls

A All access panels or doors to the lamp section
and panels or doors to adjacent AHU sections
where UV radiation may penetrate or be
reflected should have warning labels posted

8 WARNING

UV LIGHT HAZARD: EYE & SKIN DAMAGE MAY RESULT FROM

DIRECT EXPOSURE TO THE LIGHT PRODUCED BY THESE LAMPS.
NEVER LOOK AT LAMPS WHILE THEY ARE ON, LIT OR ILLUMINATED.
TO ELIMINATE ALL EXPOSURE TO UV-C LIGHT, TURN OFF ALL SWITCHES
AND DISCONNECT POWER TO ALL UV-C DEVICES BEFORE SERVICING

UV-C INSTALLATION DATE:
UV-C LAMPS SHOULD BE REPLACED ANNUALLY

REPLACEMENT LAMP SCHEDULE: For Service Call:
Date: ek e
Date: =

Part Numher: QONNT7SNN Rev A Use Permanent Marker to Write on Label



How to view UMC

A Recommendhot to enter a plenum
with UM-C lamps on

A If it isabsolutely necessarersonal
protective equipment (PPE) should be used:

I UV safety goggles
I UV face shields

I Longsleeved, tightlywoven clothing that covers much
of the body, and

I Gloves




Safety Considerations:
Engineering Controls

1 Lamp sections of an AHU should halectrical
disconnect devices

1+ Switches should be
wired in series so f ‘
that opening any
access de-energizes 5
the lights.




