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Saving Energy Through 
AIR FILTRATION 

By Chris Wil lette 

I
ndoor air quality (JAQ ) technologies combin ing ultraviolet 

germicidal irradiat ion (UVG]) alld gas-phase purific"tion allow 

engineers and facility managers to Teduce energy consum ption 

while ensuring. a sa fe environment for buildillg occupan ts, l Now, the 

lat est appronch is to combine these systems with photocatalytic 

oxidat ion (PCO)-a chemical reaction ca used by shin ing lIV light 

onto a reactive med iu m, usually t itanium dioxide. 

lAO equipment manufacturers have combi ned UVGI, gas -phase air 

purification, and peo in a combined filtration unit that can be in stalled 
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into new or exist ing HVAC systems. The result offers com mercial 

building ow ners the potcntial for significant energy &'\\'i ng5. 

This ncw approach can impmve encrgy efficiency in three ways . 

First, UVG l can cut HVAC coil maimrnance costs and retai.n optimal 

heal transfer of the coils a llowing the mcchan ical system to run at 

peak design efficiency. 

Secondly. gas-phase air purificat ion, whiJe better known for 

fi lt ration, can con trib ute 10 energy efficiency. The recen tly approved 

IJldoor Air Qu aJi ty Procedure (lAQ P) from American Society of 

Construct ion Can.ada 



Heating, Refrigcrating, lind Air-condition ing Engincers (ASH RAE) 

62.1 . Ventilation for Acceptable hldoor Air Quality, allows for red uced 

ou tdoor air rcquircmcnts when an 'air-cleaning' system is used to 

remove gaseous airborne contaminants in the re-circulated indoor 

air. Reducing outdoor air. and the costs fo r cond itioning it , promise 

significant energy sa"ings. says Dea.n Tompkins, PhD, P.Eng .• an air 

pu rificat ion and IAQ consultant, and past chair of the ASH RAE 

Techn ical Committee 2.3, "Gaseous Air Contaminan ts and Gas 

Contaminant Removal E.q uipment." 

Further, photocatalytic oxida tion links UVGI and gas-phase air 

pu rification and enhances their efficiency. It regenerates the gas

phase -actiyated carbon media , keeping it.s. adsorption capacity and 

efficiency high, and energy consumption low. 

uv-c increases HVAC coil efficiency 

UVGL is an established technology for both surface and airborne 

disinfection in HVAC system s. The tech nology works by scra mbl ing 

the DNA of micro-o rgan isms-like mould, bacteria, viruses, and 

allergens- that prcycnt s them from reproduci ng. The UVG I 

lights arc typica lly positioned downstream. f[lcing the coils in ai r

conditioning systems. 

Altho ugh effectiveness depends 0 11 exposure time and micro

organism type, all viruses, bacteria. mould, and o ther microbes are 

destroyed by UVG I light. Microbial growth affects HVAC system 

efnciency by fo uling interio r su rfaces. Biologic[l l cont[lminants 

adhere to HVAC coih, which offer ideal environments for microbial 

growth . If left unchecked, microbial grmvth can coat air condition ing 

coils with multiple layers. This hinders the heat-t ransfer process and 

increases static pressure, which causes longer HVAC s.ystem run 

t imes to satisfy set -point tem peratures. 

Keeping coUs dean might be considered a maintenancc and IAQ 

expense, but it pays back in energy efficiency. Small amounts of coil 

surface di rt, deb ris. or biological growth can significantly decrease 

o peratillg effi cicncy. 

QUALITY, PERFECTION, WORKMANSHIP 
& ON-TIME DELIVERY 

For 

Exterior & Interior Cladd ing walls, Spandrel Panels, Fascia, 
Soffi ts, Column Covers, Sandwich Panels, Backpans 

Available in a variety of finishes to meet with the range 
of architectural needs in Aluminum, ACM, 

Stainless Steel, Copper & Zinc. 

Conslru(\ion Ca na da 

Ultraviolet germicidal irradiation (UVGI) is an estab rished 
technology for both surface and airborne disinfection in HVAC 
system s. The technology uses ultraviolet (UV).C ligh t to scramble 
the DNA of micro-organ isms- such as mould, bacteria, viruses, 
and allergens- and prevents them from reproducing. The UVGI 
lights are typicafly positioned downstream in an air·handling 
unit (AHU) facing the coils. 

Florida Hospital, an Orlando-based healthcare ~ys.tem with more 

than 2800 beds in locations throughout the state, docu mented the 

maintenance- rcducing effects of UVCI installed in [l ir-handli ng 

units (AHUs) . The facility's chief mechanical engineer (CME) 

Firouz Keikavousi, suggests use of UVGI improved static pressu re, 

air \'eiocity. and temperature in a test HVAC systcm. ~ 
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A tubular ra ck UVGI system is a quick and €asy method of iostalfing 
UV lights as a retrofit or new ins ta llation in any brand and size 
of commerc;al HVAC equipment. The installation kit uses commo n 
electrical conduit and brackets so ma in tenance departments and 
con tractors can custom b uild a system into an AHU. 
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Studies also indicate UVGI is effective in disin fecting microbes. 
This test graph shows the t ime line of exposure that is required 
to disin fect common microbes found in h ospita ls and o the r 
commercial bu ildin gs. 
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Actlv ~ ted carbon cell 
Ultril -porous microscopic 

strl,lcture of activated ca rbon 

New methods of air purification combine gas-p hase air purification 
carbon media with UVGJ. 

In r lor ida Hospita l's test , Kdkavo ll si revealed stat ic pressure over 

the coil decreased from I.S - to O.7 -wg. within weeks of installing 

UV-C lamps. Air velocity doub led from 70 to 158 m (230 10 520 f) 

pe r m inute and ex it ing wet -b ulb [li r temper[ltll re decreased fro m 

14 to II C (57 to 53 F). 

The improvement resulted in a capacity increase of 95 .245 Btu h 

of [lir-condition ing . Tn do lla r savings, the calculation was: 

1 (kW/ton) X 24 (hrs/dayl X 365 (days./yea r) X 50.07 (elect ric rate ) 

The total savin gs per AH U- S4867-did not incl ude the re-d uced 

m ainte nance costs. The total savings arc approx.imately twice the 

cost of a UVGI system for the coil, which results in payback in }es5 

t han one year. Considering the hospital's m ;lnY other facilities and 

HVAC syste ms, the estimated annual snvings of usin g UVGr in all 

of them is si gnificant. Similar systems arc install ed in hosp itals 

throu ghout Ca nada. 

Not evuy facility ha s the fu nding to period ically test IAQ. but 

most m aintenance d epartmen ts contend UV-C lights m in imize 

mou ld growths on ai r -condi t ioni ng coils and AH U interior 

surfaces. As a res uit, b iological growths and thei r distr ib ution via 

thc ventila t io n sys tem is min imized. 

For exa mp le, Geary Com m u n ity Ho spi t [ll in Ju nction C ity, 

Kan ., has bcen using UVGI in new HVAC air-hand lers supplying 

co m mon areas, a patient tower, and operat ing room s <lS par t of 

a re cen t m ulti -m illion dollar expansion. VVhi le it is d iffi cu lt 

to com pa re new technology to the ho spital's older HVAC un its 

( installed before UVGI was ava ilab le) , the n ew AH Us wi th UVG I 

require no cleaning based o n period ic visual in spect io ns. 

"V,re pressu re.clean the original units' coils ann u ally, but the 

nl'W u n its with UVG r have not required any maintenance clean ing 

in more than three years," says StC've Rippert, t he facility's di rector 

of m,1intenance . 

Gas-phase a ir purificatio n and ASHRAE's IAQP 
The Indoor Air Q uality Procedu re provision has bee n added to 

AHSRAE 62.1 and givcs gas-phase air p urification an cntirely ncw 

scope beyond pu r ifying outdoor air of gaseous cDlw1minant.'i . 

Specifical ly, bu ildi ng owners now have the ab ility to reduce the 

outdoor ai r cubic feet per m inute {dm) per person. 

Gas -ph ase air purification h<ls been used for decades in heavy 

industries such as petrochemical, wastewater processing, and 

Constru c:t ion C.a n.ada 



Them various diagrams descri be how air fl ows thro ugh 
a combination UVGJ, gas-phase air purification, and 
photocata fytic oxidizatio n (PCO) unit . The UVGf d isinfects 
airborne microbes and surface biological growths around i t 
in the air-handler. The gas-phase air purification uses carbon 
media to adsorb gaseous contam inants. The PCO, which is 
created by the UV ligh t shin in g on the titanium oxide-infused 
carbon media, regenerates the media th at has adsorbed 
vo latil e organic compounds f rom th e airstream. 

paper/p ulp to minimize p rocess-gene rated gaseous contaminants ventilatio n raTe procedure (VR P) of fl ushi ng o ut indoor 

affecting equipment, electronics, employees, and the surro undi ng contam inants. Whereas VRP was t he sta tn s quo for engineers 

environ ments. More recently, engineers have specified gas-phase air over tb(" last few decades, IAQP is expe<:ted to become a mo re 

puri ficatio n in HVAC system ret rofits and new eq uipment as a result favoured met hod . 

of the IAQP provision . During th(" gas-phase proccss, the air st ream VRP has two significa n t li m itations that have become mo re 

is d irected through activated carbon, which is a P(}rous material wit h critical due to today's en("rgy costs and enviro nme nt : 

the capabUity 10 adsorb most volatile organic co mpo und s (VOCs). 1. Outdoo r air, depend ing on the season, must be heated, air-

The carbon changes the contami nants from a gas to a solid phase. 

Gas-phase air purification can remove chemicals thal particulate 

filte rs, such as convent ional prc- and fi nal-fiite r med ia commonly 

used in HVAC systems, and even high er captu re methods such as 

high-efficiency partic ulate arrestor (I'IEPA) and ultra- low particulate 

arrestor (ULPA) filters. 

The original ASH RAE 62 .1 was considered a su peri or 

ad,'ancem ent for ind oor air env iron ments. It prescribed the 

cond it ioned, a nd so m eti mes dehum id ified befo re mixing with 

the air sup ply o f a com merc.ial bu ild ing. This puts an extra 

energy burden Oll operating budgets. 

2. Outdoor air is typically morc poll ut ed th an nir inside a bu ildi ng . 

Thereforc, introd ucing ou td oor air nceds add itional fi it rat iml, 

especially in high ly pop ulated or indust rial areas. 

In li ght of these facto rs, IAQP may be a better methodology 

because its calc ulations are derived from ven tilat ion , air· c!eaning, 
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UVGI lights can be grouped together to provide proper coverage 
of large air conditioning coifs. in commerciaf air handlers.. 

and sour;::e control , whereas VRP o nly considers ventilation. Energy 

used to condition the outdoo r air ;::an be significant depending on 

location. For example, in winter, p reheating - 2.3 C (- 10 F) ou tdoor 

air to 21 C (70 F) is a major expense even if it on ly acco un ts for 15 to 

20 per cent of the supply ai r. 

Sum m er operat ion ca n also be costly. A hOI humid day of 32 C 

(90 F) requires cooling the outdoo r air down to 24 C (76 F) and 

redu cing the rel ative hum idity (RH ) to 55 per cent. ASH RAE 62 .1 

helped spur a gTOwing outdoor-air-dehumidification equipment 

segment in the HVAC industry 20 years ago. because conventional 

air-conditioning equ ipment cannot always ha nd le the high 

hum id ity loads of o utdoor air in the summer. 

The impu rity of today's outdoor air is also a factor_ Outdoor air 

concentration of 0. 14 m~/ minute (5 cfm) per person might have 

been adequate decades ago when outt::loor air was cleaner, but 

as the outdoor air has become more polluted with carcinogen ic 

poly-aromatic hydroci1rbolls (PAl-I ). bcnzcne , and rising grou nd 

ozone levels, upgrades to 0.28,0.42, and 0.57 m~/minute (10, 15, and 

20 cfm ) pcr person were se("n as remedies to provide acceptablc IAQ. 

Even in areas with cleam·r outdoor air, lAQ is affected by 

co ntaminants generated from indoor sources, such as cleaning 

chemicals, furnishings off-gassing, and other gaseolls polJutants 

co mmonly fOllnd in buildings. When calculating the IAQP, engincers 

consider a variety of different parameters beyond the VRP. Potential 

outdoor air contaminants (based on government -funded research 

documents from many countries aro und the world) are included wit h 

Cons!rlluion Canada 

o ff-gassing indoor ai r contaminants referencin g th e material 

safety da ta sheets (MSDSs) of b u ild ing materials and furnish ings, 

air changes, and other factors. 

O nce IAQP is calculated, the procedu re allows for the addition 

of air-cleaning equipment to remove gaseo lls conta milHltlts 

from both indoor and outdoor air. Ultimately. IAQP reduces the 

high Qutdoor air fl ow prescribed by VR P wh ile simultaneously 

complying with A$HRAE 62. 1. 

Conclusion 

The disadvantage of traditio nal gas-phi1se air purification L~ the fact 

its media must be periodically tested to determine the remaining 

adsorplion capaci ty. Replacing media that has be;::olll e 100 per cent 

adsorbed with contaminants is expensive. 

However, add ing the PCO process can regenerate gas-phase media 

and negate periodic replacement, because it energizes a catalyst such 

as ti tanium dioxide. which is a popu lar coating infused into gas

phase media. The oxidiz..1t iotl process of shini ng UV-C light onto 

the media degrades the adsorbed gaseous organic: contaminants and 

can also oxidize bact€ria and viruses. 

When illLlminated by UV ligh t , the titanium dioxid c produces 

hydroxyl radicals. which react with and decompose organic 

matter to mineralize, under conditions of complete oxidation, 
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This photo shows an all-in-one unit that 
combines UVGf and gas-phase air 

purification, which is titanium oxide-in fused 
carbon media. The pfacement of the light 
near the gas-phase air purification media 

creates peo, a process that regenerates the 
carbon media to aI/ow it to continuously 

adsorb gaseous contaminants without 
replacement. Also pictured is the power 

supply that energizes the unit. 

The gas-phase carbon media adsorbs gaseous contaminants and 
the UVGI disinfe cts bi%gica f contaminants. Mount ing the UV 
fight source in close proximity regenerates the carbon media 
through a PCO process when it is infused with titanium dioxide. 

This photo shows an air -handle r installation that US f'$ 

a combination of UVGJ, gas-phase air purification, and PCO 

in one un it for total air purifica t ion. 

oxidizing molccu ks. At night , witho UT sunlight and its. UV effect, 

' fi shy' odours dominate thc air quality. li kewise. th e sa me UV 

!ight used to disin fec t the HVAC system's interior surfaccs, coils , 

and ai rst rea m, can also perform do uble d uty by regenera tin g the 

carbon media and converting the adsorbed chemicals into harmless 

carbon-djoxide and water vapo ur. T herefore, the gas-phase carbon 

media is continually reused. 

Advances in IAQ technology arc bringing aU three techno logies

germicidal UV light, gas phase air purification, and photo catalytic 

oxidation - together into one cost-effective add -on uni t for 

HVAC syste ms. Com merc ial build ing owners can now benefi t by 

combining these th ree tech nologies. '"' 

Notes 
I For more o n gas-phase technology, see the arti cle " Improving 

Indoor Pool Air Quality" by Harry Topikian, P.Eng., in the March 

2010 issue of Construcrioll Canada . To read it online, visit 

COln m on gas -phase water mo lecules and carbQn dioxide. www.cOllStructio ncan ada.net and select "Archives." 

Hyd roxyl radicals are amon g the stron gest oxidizing species an d ~ This mn be found in th e a rticle "uve: Florida Hospital Puts HVAC 

have stronger d isi nfecting capabilities than ch lo rinc, ozont', an d Maintenance Un der A New Ligh t," published in an issue of Etlgitleered 

eyen hydrogen peroxide, while bein g much safer for building Systems in February 2004 by Firo uz Keikavollsi. 

occupanls. PCO destroys or minera lizes contaminan ts rather tha n 

sim ply seq uestering them onto an adsorption substrate or med ia. 

Additionally, thl" PCO process requires no custo m or artificially 

prod uced temperatures or pressures. 

A good analogy of the PCO effect occurs naturally with beach sand 

and the su n's UV rays. In the daytime, thefe an: nudy foul odours, 

because the sun 's UV rays penetrate the sand and generate dean, 
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