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Chapter 8

Ventilation and Indoor Air Quality

Ventilation 1 eoosaqpdsacags(Indoor Air Quality) 1 ccood(Filter)qps 3a6jo3pEsoopd ACMV
32EqE&omngp: olgdess Bsnscopdaoiqepd cdlC:odIqp: [gdlog0p5

0)3208:03 Gooaggtiel  qpdqudqoden ASHRAE Standard 62.1-2013 ventilation rate
procedure gpsell 3280030000 20GomMEPgP:ad GomEsgrgnicpd ceomediodeoq$(understand the
main concepts)gdoopdi Cooling load 0g05q05ggp:cBoqeSmseogsencgad  ventilation rate o3
oBoqg> 200500deugs 332000001 Ventilation rate owdan cBogeSmSeom ventilation elo3pé
[gdeclaopd sensible heat load $¢ latent heat load o3 3030 0g05g/058EBGLRSN

6com6p022693:(1AQ) a3:0l:pdqCs[gEielo3pE q§§E0R5 Brojrqp:
(o) Discomfort
() Health complaints
(p) Sick Building Syndrome (SBS) and Building Related Iliness (BRI)
(G) Sickness absenteeism
() Staff turnover
(6) Health care cost

(Q Productivity
(o) Degradation of furnishing
(@) Liability

©.9 Introduction
Air conditioning system 0060800020009 92680005358¢p0RE  GrozagPbeaco:(Indoor Air

Quality) GomEsesant 0B8:88[gE:0005 3280 3291050069 [gBa0p5N TAQ pdqiEsqelopE §90mgp5 eepd
qfgs oySsenees pdqEdgts c00deomnEoondam ofgbglisE comlign 2cR6 ©po8E[EE: 020Rd

oBrofeqp: qf§Soopdn
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Cooling Load Calculations eomio0d03§,
eoomqpdancags(Indoor Air Quality) p3qC:qoopd 328m8agedgpien GroAdoRE ogsse
eanodad8eodegyps 0mg$desnedS(Carbon monoxide) 1| 9a§a0:qps IeSgps(particles) 33006
;elogqps Bgps(gases)  oodoBfomigpis  ee$ieqeg.qpi(vapors) doCesfgEelopE  [gdoopd
eoomnepdeacags(indoor air quality) comiigSesmnd 83E:n68C[gn erogpieomEigSey cvpduod
65630C 035:002:8E[gC:0000 HVAC 9800pcd ACMV 3aEqiC8umgpisi omo[gdaopdi 8&E:cnd[gts
006908[gEH [y ads:ad84gts 02005 vOCEigpEmindisC 20053000
32685C33006306(05:(pollutants and contaminants) saqjedjpo? [g6edeoaopd sacfoypEiqaqp:
(sources)sC  oqfseneqes  0005a3Co0pd  Feofpoocdespadg(effects on  health)gp:od  §:c0pd
2060060l05gS 822620051 980000 GonF5EPL[BR:00d $2:0008: 6lorg,s0E[gEaddedi
3260005383038 3apodsaclo(pollutant)gpesE  3ag§izadodqps(contaminant)  [gbedl
60200% 329[0dqPen -
(0) podpodiga? [gdedleooopd 32qC:33(gdgp: §esgE:(sources of pollutants)
(J) Pollutant gps eS0ae] 326800053533203E:33 [gSao0dagad(gEs(ways pollutants can
be absorbed and re-emitted into the building spaces.)
3268000528309 comeepdencogi(Indoor Air Quality) sa§eomsgsescoqs o85:036:
002:§ 82005 $pSs008sqps(ways of maintaining good IAQ)
(0)206800053581 32082300388 P0dPO6:g [gBedleoodmaepyp:a? AB8:q)d[gE: (Controlling the
source of pollutants within the space.)
(J)2268000535030098s 3298530038308 3pp0dmacloRgp:  woleepodanesmt  eroedypid
320%4g[gC:(Using filters to prevent pollutants and contaminants from entering the space.)

()podpodiggps  smsegpogiesn  Bowrdd  eagpspdiagiesnt  [gred[gEs(Diluting  the
pollutants and contaminants within the space.) [gEogecocomEeroon§gpisCaspesicolats

ASHRAE [ggo$2qi05qps0gE ANSI approved standards on ventilation () js§joopSn 00os05:
aggE ASHRAE 2005 ANSI o [ggo&conoopd ventilation $E0005380000 6§86p38: ()0l 0pads
002300201

ANSI/ASHRAE Standard 62.1-2004, Ventilation for Acceptable Indoor Air Quality (Standard
62.1-2004)038 cpgp: 6503CepeaSigp: 936wr0d 203305000:0000 Gsepyp: 320385 §esopgp:(all
indoor or enclosed spaces that people may occupy)secgod IAQ $& 200593E0005 olgbocs
Bods06epd 2ag05gp:ad ewdlgoonzoopd
(o) ASHRAE/ANSI Standard 62.2-2004, Ventilation and Acceptable Indoor Air Quality in Low Rise

Residential Buildings2(Standard 62.2)03¢ 92006862000c065336¢ps  pesdEep IS
(residential ventilation) 320305 c30580qepd 3ag105¢P:d GwSgoonzooRdi

Standard 62.1-2004 @il scope 2005 cpgp: G5adEepzaadigp: Bewrod 3dB80500:00pd esepyp:
2038:5 §esonqps (all indoor or enclosed spaces that people may occupy)secgod [gdoopdi
pe5336gpsel 8:3eqpCyps cagjpasigpie cqdieqeg,qpiogodglst c005ad88a0) dSdaRsqp:
“Release of moisture in residential kitchens and bathrooms” 320305 [g&20pS

(J) Standard 62.2 20p5 2000086 22680005359 3303C:§e50pgPiER0d CVHHE§EPY GrOZERS
3260 qe0q$320305 mechanical ventilation $& natural ventilation system qps o06eoCgCs
320305 [3620p51 “mechanical and natural ventilation systems and the building envelope intended
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eomEs0005028 Chapter-8 Ventilation and Indoor Air Quality

to provide acceptable indoor air quality in low-rise residential buildings” 30305 [§620251

Ventilation air copbesquopd qpdgudgedyps
(0)3208:32038: § Goad0RE 63N058qIEer0deg cdeanndeoq$(Provide oxygen)
())o7g§88e3:005938 enddeg eagpspdiognieoqs (Dilute CO,)
(p)95253000 304a3:qp: 0udgp:q$ (Remove body odour)
()952305 2005600000500 [§Bpd 0 S0pE cBs:con:qs (Maintain body heat balance -
thermal comfort)
(§))oofepseamnzaciopEigps (e.g. control or dilute hazardous gases / vapours)

©.) Air Pollutants and Contaminants

0080023262000 GrLPOdPG:000sRePys(air pollutants and contaminants)aopd GooodoRe
Olo€eso0pd saepgp:(airborne constituents) [gBlo300p51 Beaepgpielops 0598ER] GroZERd
:260g:30808 (acceptability of air) oe0€:00001 6003 PBR0G:EE§ER] Buwdh Grozsgpbeacog:
(indoor air quality)ogjeoC:eo§Eaopd sag0dqp: veaeozd§Eesnt gpigr:oopdi 3368000558 F208:0
[gdedconoopd sapodeacloqpist [gEue oleepadamnoopd sap0daac[gpivpe $0qjE§oopdn Table
8-1 o3¢ [gbedlecyr 6o qenp§oond sopodsaac[oegp:(common indoor air contaminants) $& sagpsed:
[§6c018E2005 esepgps(common sources) 0303 cwSgoonzoopdi

Table 8-1 Common air contaminants

Contaminants Major Source

Particles (particulates) Dust (generated inside and outside), smoking, cooking
Allergens (a substance that can cause

. ) Molds, pets, many other sources
an allergic reaction)
Bacteria and Viruses People, moisture, pets
Carbon Dioxide (CO,) Occupants breathing, combustion
Odoriferous chemicals People, cooking, molds, chemicals, smoking
Volatile Organic Compounds (VOCs) Construction materials, furnishings, cleaning products
Tobacco Smoke Smoking
Carbon Monoxide (CO) Incomplete and/or faulty combustion, smoking
Radon (Rn) Radioactive decay of radium in the soil
Formaldehyde (HCHO) Construction materials, furniture, smoking
Oxides of Nitrogen Combustion, smoking
Sulfur Dioxide Combustion
Ozone Photocopiers, electrostatic air cleaners

©.J0 &o8sg: ap0b3ac/og:qp: (Micro-biological Contaminants)
(o) Fungi

Wet carpet / furnishing / wall / ceiling / plumbing
() Bacteria

Stagnant water in ventilation system
Cooling tower

Fountain, spa pool



Cooling Load Calculations

Sprinkler

() Others

Dust mite
Animal dander

Pest allergen

©.J-J Chemical Contaminants

¢ Inside Contamination

e  building occupants e.g. CO,

e building materials / contents e.g. asbestos

e new furniture e.g. formaldehyde

e office machines e.g. O

e cleaning agents e.g. corrosives
e human activities e.g. tobacco smoke

0. J-9 Outside Contamination

e vehicle exhaust e.g. CO, particulates

e construction / renovation work e.g. dust

e ambient air pollutants (PSI index) e.g. haze

Table 8-2 Indoor air contaminants SS 554 IAQ recommendations

eomio0d03§,

Parameter Acceptable limit (8 hr)
0] 9 ppm
C0o2 700 ppm above outdoor
HCHO 0.1 ppm
NO, 100 ug/m3
0O 0.1 ppm
Radon 150 Bg/m3
VOC 3 ppm
Asbestos 0.01 f/cc
Respirable dust 50 ug/m3
PM 2.5 35 ug/m3
Nicotine NT
Ultra-fine particles NA

OJC;

YV V V V

Stale Air vs Stuffy Air
Stale Air
Inadequate fresh air (oxygen) supply
High carbon dioxide CO, level
0, level reduced
Lethargy (dull or sluggish)

YV V V V V V

Stuffy Air
Low air movement
airflow not balanced
low air flowrate

poor air distribution & mixing

Body heat not readily removed

Stuffy
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:433:qps(unpleasant odour)qps agodedlcongEa0pd esepqp:

(0) 95003000 2a883:qps(body odour)

() qodlgedoopdesepe 3a8a8sqps(cooked food)

(?) [036:0305 s05[grapSyps GeoseloFpo0pd wEoEaopdesepe 493:qps(cleaning agents)

() 3360001 20&oCess cqpdroopdesepe 3o5a3:qpi(sanitary or sewage system)

(§) ©90:0368:8s5qpa 326420381 SeanEoygro0pdesepe 3o890:qps(tobacco smoke)
.9 Indoor Air Quality Effects on Health and Comfort

320005600:356p005E 0qSieei0d 08805e000pdmag0dgPid cdoddEadimann: Ffgpzoopdi

00g,6000  P0BP0GeqP:a0Rd  dqd8EeaNE  :ckeaddcopd: eagEdoRE ©pdo0dd  SagEPLSHly)
olgdeo8Eaeon a3eo0d oogj,6000 podpodiggpsoopd §eses: ©a38Eeo05p5: 220005 99:gSEa0becd
2505 qp:aopSi cEsoaepdl [§88E051 $o0mg5eqpdlgp: [Bes§Eaopdn

How radon
enters a house

Soil

Bedrock Radon
in soil

Fractured
bedrock

$ ©-0 3268000520832038:03 gas radon qps o€eepadard

c0056§aepd sdiofseagapodersoto’d c8ode) Flapsconsaogd
(00)0p206) ©q§E005 eepalgps(fatal in the short-term)
(9) on€emn|38E[gEs(carcinogenic, cancer causing substances)
(0) oyfeencepaddodfgts [§o:efepods[gt:(health threatening)
(29)20056000820050000[gd[g8n  3006r68E[E ©3Beom|gd[gEi(annoying, with an
impact on productivity and sense of well-being)
(o) Fatal in the Short-Term (2§03 20038: [PBpen:000d 2a5ep0d gpign oqespa§E(gt:)
326000528308 Ipodeac(og(contaminant)gpielops  ogfieoees 8805
§E20051 §0000g5 eepalgd§Eoopdn crocdapfesapd exopeosugdigps(airborne chemical
substances)elopé  3200053a56p0S  §8E05N 0mg&Ses7938(carbon  monoxide) 9Bwwrcd
eepalgbeo§apd vndoB:drumgp(disease-causing bacteria)sé oofgneoon &osopodzacios
(other biological contaminants) 200503 (52051

omg§8e50a38(Carbon monoxide)oopd 3aeeplod 34008:500p) erodeg, (colorless
and odorless gas)[gdoopdn saepogigps GanEeaByp: 08005mdYES  EseanCoybsfat:
(incomplete combustion)e  [gdedlcaooobi omgsdesradS(Carbon monoxide)elopé s60d
peOlCs gpsgo Gooediqaopdn Combustion appliance qpsgdaopd 8:3(furnace) eepeosond(water
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Cooling Load Calculations eomio0d03§,
heater) 8:3(stove)o3 qoS[gEs comEsgn 30060npd[gEs(malfunctioning)e agodedl oo

eoonCenadado0pd 3aEqiE(combustion engine) a3wupod cudeosdom:(motor vehicle)
qp0? 3200305308s(enclosed  space)zaogtsy copdewntiglielopé omg§desneds(Carbon
monoxide)qpsgo 0g05c08E(G: 3208:32038:3 :§Sloplgen esSEaopd Air con spefimaoyt:s
0300705 32003052098:3209C:5 0euNEGEl 206420381 88 [gEeaniey ogsdaielopE s
a8:3ko0pd 0000605 eepal §8E2000

eoad0ze fes0pd 0ndcBsiumiqpielopt eepdlgp: [g6g2:8E20001 sa80056pAl
qpz 000d[gSye8€a0pdi  Feodeepdlgeo§toopd  Jignigpi(0050Bidromigp:)0d  8acgs
conscodeomeopé  eddffs ecoadopl G ogtesftoopdi  03udémaispdiaopbaggps(weak
immune system)od cqilgS$g> eepalgEoopdi o503 gp:aopd vegiq) BadCssoqpoopd
6oad0z8 sagsaqClgSen grsgp:8aogdi

Legionella cepal[gd§Coopd oodoBsiom:  gpigdeomelopE Legionella ©0508:
ooz celad[gligdoopdi (Legionella is the bacteria that causes Legionnaire’s Disease.)n
Legionella ©050B:§iooms gproopd cooling tower =:08: croadopd §es§Coopdi Legionella
005oBs§room: gpeoopd 30gSaqElggn  edlodgdE(multiplies very rapidly in warm)oopdi
codedsomz(Legionella) ©050B:§uofesoopd cagp: 60033 vodgSs(splashed or sprayed)
ogi€ airborne qps [g8edlon R890055503E:03 BaBG0S GepPad ogr8Eoopdi 39005000s0E
0520305 20433208 GePod§ogr:8Eaoopdi soeos: [§60m 3000535605 (468205 Cooling
tower $& domestic water system gp:oR€ Legionella 00503:8§gogp: GAloSg:8Ea05N

(®) Carcinogens

Carcinogen gp:o0pd  mEsmeepalgbeo§Eoond  3aepqpigdoopdi  Carcinogen  gp:
Jesopdesepart :§§lop[ger 65BEdm eepdlg§taoopdi Carcinogen gpigp:§eco eepal
[g§[g$qeco [3620p5n Carcinogen §oopdesepoge sag§loplopesadésteco eapalg§igSqeco
[gdo0pdn Carcinogen §eses: 3a090donoy waB8Eeun godqts eepdlcoogam wfgeun Concern
gpselopS me0ddeapalst sadieapalgp: q§8Co0pdn 208: 32038:5 ce0:8e0m0d[gEeloE
650:086060000500p309¢p: eepAlg§Eoopdn 6eo:864e(opE calCielgta espmERls 20650¢
320905(g0[gE: 0200503 [4Eed§E 005

Gas radon 20p5 carcinogen oodqjggdaopdi oogj,esepgpiogd gas radon [gdedlooobi
Radioactive gas qpsogC radon o coomosigé ¢op [¢E8E2001 22680005 =o8gps(buildings)
:038:03 radioactive gas u385o0pdmadl cpgp: g0S8[gEs(inhaled)efopE oneoeepdl (988
oopbi Radon  §8€a000 esepyqpiogl  erooleroogad  eomEesanEandlgls(venting  the
crawlspace) 8305elopEigpiod 3odadfgs(sealing all cracks) oBewrod Sre8:p0pC:5 dsm:
:25pdc053[gCeant  [gopdoondgls(by pressurizing the interior)g¢ radon qp: ofeepod
cn[g€:0? cagqpgq§E(minimize radon entry)oopdn B§:q6$Ea0pd

() Health Threatening

Allergens 1 volatile organic compounds 1 bacteria 1 viruses 1 mold spores | ozone zfc?,
:2gSqps(particulates) ©20pd indoor air contaminant gpselopé ©6§Eeant eemEgls 2659
32038qa0d[gEs(physically irritating) 28005 oyfeneqea’ B6se[grod[ges(health threatening)
[§6c08E20051 §00mg5 eepdlsE oofgrreepdladigp: olgbeo§eochoopd: qoddI son soedlts
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eomEs0005028

Chapter-8 Ventilation and Indoor Air Quality

copBeqpls 02005 $:0500050 codog|pgp: GsepyPgE vIN:dg [§Bedoogbi

32680005353 q30038:03  6eprd0pSsCdQCsod  32656303Cq  ©0500d0g
(irritation) [gbedleoaopdi 226800053580 agodgrageaopdst coBGIEs0d dddonqggonosogp:
:203360P0d 6gPadantsagniaapdi 0803a [g8[gE:ad “sick building syndrome” op calaopdn

:2§Biqp: §9E20001 05003050 208aqsqpa e0pugdigpe EaBigpa ooifopCion:
o$qpee 39883:qp: ©20p5030000 eepalojgbeadEencdrond: 30geBad8E[gts comEgy sa0pd
0p68E[gE:0303 [gbeooopdn cddaagadiqps contaminant qp: cdeao0SeENE gPIo00p03R4l |
32§g84gE: ogodaaopdaesl(high enough concentrations) sacg§pofaoneomelompé aooBelgd
§EaconodeamE(subtle enough not to be immediately noticed) oolgpSgpdqiCs(gradual)
aBsojpqpa(physical effect) 0008 [g6edlc8865N

0°C
Bacterium
dormant

20°C - 45°C 45°C - 60°C 60°C +
Legionella Legionella Legionella
will multiply will survive will not
but cannot survive
multiply

QoY Ideal environments for Legionellae include;

* Water systems operating at less than 60°C
e Locations with pH values between 2.7 and 8.3

o Stagnated water

» Sediments/scalings inside pipes
¢ The presence nutrients and obstructions producing amoeba and biofilm

Table 8-3 Contaminants sa§jzzo00: $& 32034{gjqepd filter qps

Contaminants Particulate Filter MERV 13 Gas Phase Filter Sources
CO, Not effective Not effective Indoor, human beings
VOC's Not effective Very effective Outdoor, Indoor
NOx Not effective Little effective Outdoor, Traffic
Particles Very effective Not effective Outdoor, Indoor
Tobacco Smoke Effective Not effective Indoor
Bacteria Effective Not effective Outdoor, Indoor
Viruses, spores Effective Not effective Outdoor, AIC Plant

SOx

Not effective

Little Effective

Outdoor, Heating

Ozone

Not effective

Very effective

Outdoor, EAC

Radon

Not effective

Not effective

Indoor, building material
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Cooling Load Calculations
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©.G Controlling Indoor Air Quality (ecossqpdsseagenntiesnt cBS:qiB(gt:)

6om6p022603:(IAQ)03 00598E0pd 35080zE AB§:000:8Eq5320305 63005Cls0: (9)$5:

o% @Q?:@@wén

(0) 33p0damac(ogigps agodedlaonaopd esepyps saclopEiqCagpiad aB5:q)b[gCs(source control)

() oCeepoadamnaogd sapodeaalogigpiod

20§08[g8a ©depigs(filtration)s&
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eoms005038, Chapter-8 Ventilation and Indoor Air Quality
(?) §es0pd 3ap0dmnaeloyel [gEismienypspSiesant [gapdfge(dilution) o3gdaopdn

©.G.0 IAQ Control Method 1: Source Control

C00598E2005 GrozqPd3aGg:(acceptable indoor air quality)sseofogt o35:000:8EqSe0305
:6qE0Fko0pd 329055605 33p0b3a6(0g:qpe(contaminants and pollutants) [gdedla0pd esepyp:
(sources)o? 038:q0[gEs0005  ervsaqpdaacagi(indoor air quality)edsdkeospd 32C:3a(gd(sources)
Q203 03826 (controlled)aon:§E2005u

Framework

Filter media :
¢ ©-G (a) low efficiency (b) medium efficiency,
S /Iw:;__,,_n ﬂ Activated Carbon Tray

<:| Air

Flow

A\

Prefilter

r
\ | |
¢ ©-G (e) Bag filters

3205:32038:03 0€eapad§Eoopdspdiqpiad §9:00p0 206oedN5Bies905 voleapadb§tasnt
omagod[ga omsaBigls(by restricting their access to the space) 8&E:pOgEs(by design) o3ewrod
oofeagPesSmbaond  [g[gEod§:B86:eqp:  [gewd[gCi(by  appropriate  maintenance  procedures)
$C0g0500000003208:0 GrogPid 95a050d[gEs(by exhausting pollutants that are generated within
the space) 226800053382003E:5 volatile solvents $& 8:8: [96edleooopdmaepapin? 038:e0p5:gC
060iglss¢ [grodgl veufgésod [§6o0pdn Standard 62.1-2004 03€ eedjgoonzoopd

Humidifier qpsog€ saadigepdeqoopd Gamndod: §Ea0pd 6qoos adeupcd cd3ae088:Ck§eomn
6p02a60g5gEa0pdeq(shall originate directly from a potable source or from a source with equal or

better water quality) [96qepdi oogj,eom 6005 3Bqped  humidification  C¥EEE30305

’4—'_’4 in —D—|

(c)
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Cooling Load Calculations eomio0d03§,
caegeg, (steam)qpso?d  3203gR[030pdn  eqegieg BRE  odeqreonaSesaEaopioonngd @07
0gpSegps(anti-corrosion additives) dlo€eamaeloppé ogftwnce AB3058E0pdI w934l eqesiegapst
0305§05 humidification cpS[gE:ad géulgieonpeol

0.G. J IAQ Control Method 2: Filtration
Filtration &300p5¢> Gooade 3ap0deac(ogqpio’d 20§08[g8: 98ewrod vudaood[gEs(removal of
contaminants from the air) (9620001 sagSqps(particulate)l 3ag8sagudsaonemicds(particles of all
sizes)sC gaseous contaminants $OqJkdi0d  ©udSgP:0d8Ea0R0I doesoopd @rodeg gpi(gaseous
contaminants)o? euSoood[gla co§elgs(gaseous filtration)oopd secnigomomqd [gdeoomelope
0)02p603¢ Ged[gecon:eol
Particulate filter qpsoogd filter medium [g€ 3298 (particle)qpso?d oxosads(trapped by)eosaopdi
2080MN0 RSE0Rd crvodel géseeonepd(actual performance of a filter)oopd sagodqpige
(several factors) saedlogE @onpbaopd
(€)] sogoSsom:(particle size)
() @0od3 [godogni00pd erozaayE(air velocity through the filter medium)
(p) 320ddgioom:000d 0gESisadjezaen: (filter material) $&
(G) eeoodogl 2adndqp: eaos(dirt buildup on the filter) §es(gE: odfgdoopS

Filter qps 00895C 0089 GomEs veomE:s §E0rda$320305 Bodaepd ccvodel 38mmoyo0pd
:-r;ququz(main operating characteristics used to distinguish between filters)¢>

(on)Efficiency in removing dust particles of varying sizes
(9) Resistance to airflow $&

(0) 3268 00p5:036:0000:8E62(dust holding capacity) (weight per filter) o3g&a005

;ofinSoqoddd(initial  purchase cost) eenlisEaopd  crSoqo§od(operating  cost)sE
effectiveness 0303 =06[gds] 68c3m00g055¢ BodBepd erood(filter)sodjpzaons  I2gudm0m:03
egeg|od[og00pd

cuonogEys ssodimSoyefod(initial cost)s operating cost 030005 ©odeps 20§
0dqEpd 3eSaagudanens(size of the particles that need to be filtered out)$¢ ccoodei efficiency
033260 9oop5o0pdn 268 sagudmaeneonicudeco efficiency deomE:gs cdzabecor eqpdBieco
QSwéu (the smaller the particle size and the greater the efficiency required, the more expensive
the filter costs) Gooscodoopd FaeSqp:ad efficiency comEieomntlgomn 0d8E0dn Efficiency

G000 filter 2005 sacgSeqoB: A88wdi

Filter performance $&o005a38000) 3ag/053a0005¢p:(information)oopd 6§§dpR8s(standard)
edlogE ©oopda081 HVAC cpbesigl(industry)3aog05 ASHRAE standards $&9 2005905 cusaonzoogdi

(o) ASHRAE Standard 52.1-1992 $&
() Gravimetric and Dust Spot Procedures for Testing Air Cleaning 03620251
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Particle Diameter Microns [millionths of a meter)

0.01 0.1 1.0 10 100 1000
=== MUl -~
Pollen
-Viruges—---— Bacterig—--
=-TODACCO SMIOKGmmm e
——-Auto emissions— emmeen
Lint
Hair
e ~Sawdust—-—
— - Textlgg—----—----—

c} ©-¢) Particle Diameter, Microns (millionths of a meter)

General Ventilation o€ 32¢8£35805qp: ©0Sepiq$sa0305 =00digjoopd o3§oongps(devices)
320305 Standard 52.1 [ggp§econzaopdi (Devices used in for Removing Particulate Matter-4,Standard
52.1 o0bspdiamnsgé ecood(fitter)gp:od  Standard 52.1 =0q o©deeos(test) qoopdi “ASHRAE
atmospheric dust spot efficiency” $& “ASHRAE arrestance” 0303 0&as0:qo0p01

"Dust spot” efficiency o300S0 398qp:ad opdqeomsgy 0§0E8E0003 o3E0m|gE:

(measure of how well the filter removes the finer particles that cause staining) @&Déu “Arrestance”

aB20p5¢0 GroodevdE: 0[gEonndd 9eeont:gfoopd :eSep:el 3erg$od 03¢ gt:(measure of the

weight of dust that is collected before the resistance of the filter rises excessively) E&méu Dust spot
efficiency o filter performance $&2005a3820p9 epSo0pdeagdc00503¢| BBEeBEA
32gudm00:009032000  3aSqps(different particle sizes)qp:od c0§ooopdzedl filter gpsel

eomCs 0eomEs Flepigs 90530051 0§oaepd 2068 sagudsaens(particle sizes)ooppdagE qf8E00
filter efficiency voppd8Caon aelopé 6§§6p5:90008(gb200(new standard) ASHRAE Standard 52.2-

1999 03 0066 [ggr§edoopdi
MERV 13

3 ©-8 MERV 13 filter and MERV 8 filter
Method of Testing General Ventilation Air Cleaning Devices for Removal Efficiency by Particle
Size 2005 2:0gS$390Sm000:03 :efgds] GrL§EEES ABomgpie efficiency [gbaopSn Particle
counter o3 3204q|q] 3295326220305 (count the number of particles)o? egogodoopd



Cooling Load Calculations eomio0d03§,

30g0dm00:(0 ))qji(twelve different size fractions)oB soelgds] ccood(filter)gp: “Minimum
Efficiency Reporting Values” (MERV)3280&( jo) 3[epic0n:0000n sagudSssonemdst (o ))qjefgrioos(Ge
MERV 35808 ( jo) §[gpsconzaogdi

Efficiency 33p)edsecood(least efficient filter)oopd MERV 1 [98¢) sacomEsadiecood(most
efficient)oopd MERV 20 [g6o0pdn  Table 8-4 o€ g&seeonlepdsC 32034 d(typical filters with their
range of performance and typical applications)o3 Gedjgoozaopdi

Filter media djsdsE ccood(filter)zadjedp q§E00N =a§eqCsads(simplest) egpzacdled:
(cheapest)s& sapdeds(generally least effective)aopd panel filter gqp: [§lo300001 Panel filter gpso?
33602 air conditioning unit (residential system)op€ 3203gjoopdn eoodieloypCs(air stream)oSope filter
media o3 208805 08dlg¢ PpOBroopdoontoopdi [godopode) esoseloP8E0Rd croodI§jEzan:
qp203 washable filter opej ealadacp§oopd

AIR FLOW <
—_—
PANEL FILTER ANGLED PANEL BAG FILTER
FILTERS

<;> ©-q Basic Filter Media Filter Arrangements
Panel filter qpscl 25082005 MERV rating 1 ¢ 3 30038: [gdoopdn Panel filter qps fiberglass
cloth gpzo3 media 296 82094gj00pdn Panel filter qps 32802005 MERV 4 (982051

ouSopopgp: 00058C0pdeqEgE cepli§Ceant ddmaqjiqlp Sagudmeen: Fodiiqs 0Q0dRd
[032005n Panel filter gpseil performance 3eomE:eog8320305 6rLdA3 GoodEord9 Gontsq) 0bs0E
8820851 60oda3 eonicdodeomelopé crood8EaopdesepdauS(extended surface) cdo0pdN

ABefopé eoeda? [godoosiesopd eromagl eagpspdiagaiom performance JeoxE: cnoopd
eeoodepd esepopt efomnoydesmt [grpd[gtioopd srusangiE(velocity) cagpspds ogaseoom filter
qpeel performance deomeant [gpd8Eaodd $p5:006§gbo0pdn crozangE(velocity) cagpsoSs
co[g8qy¢ filtering performance $& 3568 00p5:038:0005:88g5s(dust holding capacity) 3eomEieant
[geod §Ea0pbi Pleating oSy media o3 pleated media filter gp:oopd MERV range 5 ¢ 8
32038592001

268qP:0d 9ce00E:088:00p5:60:8EEs(dust holding capacity) deomEeoq§sacgnd media o3
00680mgpbo0pd 2805398 [gevd(formed into bags of up to approximately 1 meter deep)s)
eomEonds(reinforced)esant [giapbooseoopdn System centses$(in operation)oa€ eoosBod(bag)qps
3038203 coogp: o8egpodanfgls(flow of airelopé ewnzamoopd

O(0-q)ogE filter qpsondeoEaonid(arrangements)o? cudlgaon:aodi
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Filter performance $& 2005a3E2005 20q0550gi05¢n filter media $& ccosaayE(air velocity
through the media) [g&20p5n

©.G.p Plated Filters and Bag Filters

ecoad0pE =068 (dust particles) sagudsaon: 3t §esSCag crood(filter) 32036:5C 305
$0Gjp 320p03¢) 22054g[0300p51 320SFE0Fie:000d 3gEGP03 0dLp 2Bb:eopbiqs Fedodogoopd
Fgoondg(a coarse first layer to collect most of the large particles)Algoopdn o3es00d 36005
Bobo0pdaaaggp: 32006005[gjrpde)  Gooscudoopdmaesypid 0dupooddbi o033 =s0lsol 34
0d0p[gielops ego0dedimngro0pd sagudsaendodientoogd sagsqpiclops qodq:8o5ed[gls(final

fine layer does not get quickly clogged with large particles) o[gdedlconpcon

3264),03¢ 0o 20gud2000Fiw200pd FaSEPI0d 0dLYBE:e0p5ieRd sal0abien: filter gpsa?
pre filter opesloopdn Pre filter gpsaopd plate filter qpigblogoopdi GEsesnodope bag filter gpzod
006e0€a0n:00051 Belopé plate filer $& bag filter o3¢) 3203{gjeoo30025

Pleated filter $C bag filter qp:03 03¢) ordeoaoieomelopé gEdsolgE JoguS(extend the
surface of the filter)conoopdn Filter 2003855 [godogn:oopd ecumengi€a’ eagpylgéelomé seSeopd:
038:00p5:8800p)  sfoon(collection area) Sgpsconaopdi saeSqps(particles)o? 9ceonls a38se0pSs
c0s88g&s(dust holding capacity) eomE&s0000n 00dspd:emdg ecogp: [gpdipalign oleepadon
6o06[oPE 3e8eP:0? 0b:eB:8EgGisE 9B6:e0p5:002:8E96: deomEianaodi

Ventilation system qp:320305 MERV 8 0005 QeomEsoopd croodgps(filters)od 203{ge$
8320038 e 206¢,03E 3a8[3qpisC 3aE:005¢p:03 02e8:qS (catch the large particles lint and

insects) MERV 4 or less 32008 pre-filter qpss& 03¢) sa0digjoopdn [03:000) 2268 (large particles)gp:od
course filter qpgg¢ ©oSqpod[gtsoopd eroodsagypiel 2005006 Jqd(prolong the life of the better

filter) coco06[opE [opgpSda0pd Jej ogodelgadodoopdi

©.G.G Electronic filter

Electronic filter qpso3copSs 006808 200ddg8E205 Electronic filter gp:ag€ dloon[ods onfgp:
(array of wires)malogpszaogls coogp: [godSoods(air passes through) ognsoopdi dluoo(wires) gpsod
3209§[g¢2025 Gaans(high voltage) cgodoonseomelopé agidedendd(electrical charge) [gded cooopd

Electronic filter qpsog€ oc88[gpz(plate) $6[gp: Aooopdn 6rood§ saesqps(dust particles)oopd
Sam: :[gCoobwRd 386006005 [9bedlesaopd 0c8O[grsdomalos(a set of flat plates that
alternate between high voltage and low voltage) ccogp: [go5o08§:0g0:0000828 3a08gPs(dust
particles)oopd  cgedenodaocdeeonoosap)d 3agSgps(charged dust particles)  [gdagnsaopdi
B398qP:a0pS 086 (plates) ood9el s3cE[gE: o crualoEizacgEie vudepsgt:deoopdi

Electronic filter qpsoopd 3a0g$ efficient [gdoopSn Performance sa§eom&esant aB§:con:
$Eqfm0R05 Ou§[g[gE B§:adBigeps 0§qCiaqp: [g[pOgEdma00pdn [Brensoopd system g
electronic filter gpsog€ performance o3 $o§ oB8:00mq8m00305 Zcdm60qPES GavselIPaPd0sO

(automatic wash system) dlo€a00u
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Table 8-4 Typical filters with their range of performance and typical applications

MERV Typical Contaminant Typical Application
13 thru 16 0.30 to 1.0 micron. All bacteria, most Hospital inpatient care, general surgery,
tobacco smoke, droplet nuclei, cooking smoking lounges, superior commercial
oil, copier toner, face powder, paint buildings
pigment
9 thru 12 1.0 to 3.0 microns. Legionella, lead dust, Superior residential, better commercial
milled flour, coal dust, auto emissions, buildings, hospital laboratories
nebulizer drops, welding fumes
5thru 8 3.0 to 10 microns. Mold, spores, hair Commercial buildings, better residential,
spray, cement dust, snuff, powdered milk | industrial workplace, paint booth inlets
1 thru 4 Larger than 10.0 microns. Pollen, Spanish | Minimum filtration, residential, window
moss, dust mites, sanding dust, paint air conditioners
spray, dust, textile fibers, carpet fibers

Current Filter Testing Method - Media Filter
Table 8-5 ASHRAE 52.2 and EN 779

European - EN 779 / EN 1822

Class. Separation Performance %
Arrestance
A Ave. Efficiency
l\g:;l il 8 Arrefstancg Discoloration /
e ciple Gravimetric 0.4 um
; 5 = -
. Coarsc
<20 70-75 dust
— G2 65 <-<80
Not e
Low
Not AT
z Applicable Efficiency
G4 >90
e | aip. | Emciency
65 - 80 >85 PRUCADN - o
- S =-<
13 <75 »90 >90
90 High F$ 90 <- <95
T R s
1110 *100%
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©.G.§) Filter characteristics
328mzdgE eoood(filter)qpsog€ characteristics adsdjoopdn

(0) 3298 sogudmoon: 3x§edje(dust particles of varying sizes) o3 oodgp: (removing)

88205 efficiency
(J) ecopdsms(resistance to airflow) $¢
(p) 3298 00p5:036:9005:8EgG2(dust holding capacity) o3 (9200
32052008089 3320505360 0gE(how clean the space is required to be)poopdq) filter qpza?

egequd 006080 dsobiemigl :0§:008§08g AB=00g5 S wudgpiodaedd 39S eagud
seons(dust particles sizes)edlogé goopSa0p8i aBefopE sre§ianfoly a3m0gndo0pS filter gpsel
efficiency o3 edggodeosaopdi

Table 8-6 Filter Test Performance and Applications

Standard 52.2
Minimum Efficiency |Approximate Standard 52.1 — s
Reponting Value Results Application Guidelines
{MERV)
Dust Spot | Arrestance Typical Contralled Con- | Typical Applications | Typical Air Cleaner/Filter Type
Efficiency taminant and Limitations
Larger than 0.3 pm parti-
20 n/a n/a cles Cleanrooms HEPA/ULPA filters ranging from
19 na nia Virus Pharmaceutical 99.97% efficiency on 0.3mm
All combustion smoke manufacturing particles to 99.999% efficiency
18 nfa nfa Sea salt Orthopedic surgery | on 0.1-0.2mm particles
Radon progsny
17 n/a n/a
Bag filters
16 ma n/a Hospital inpatient Nonsupported (flexible} microfine
15 >95% n/a 0.3-1.0 um Particle size, | care Ilbgrﬂass oc; synﬂéettlc:gedlaka?s
and all over 1pum General surgery 9 214 mmaeep; B 10 1= pocrels
14 90-85% >08% All bacteria Superior commercial
Most tobacco smoke buildings Box filters
13 80-90% 98% Sneeze nuclei
= Rigid style cartridge filters 152 to
12 70-75% >95% 305 mm deep may use lofted (air
laid) or paper {wet laid} media
11 60-65% >95% 1.0-3.0 um Particle size, | Hospital laboratories Al )
and all over 3.0 um Better commercial
10 50-55% >95% Legionella buildings
Auto emissions Superior residential
9 40-45% >90% Welding fumes
N Pleated filters Disposable ex-
8 30-35% >80% tended surface, 25 to 127 mm
thick with cotton-polyester blend
7 25-30% >90%  13.0-10.0pm Particle size, |Commercial buildings | media, cardooard frame
8 «20% 85-90% and all over 10um Better Iresidentia| Cartridge filters Graded density
Mold Industrial workplaces| viscous coated cube or pocket
Spores filters, synthetic media
Cement dust Throwaway Disposable syn-
5 <20% 80-85% thetic media panel filters
. . Throwaway Disposable fiber-
4 <20% 75-80% glass or synthetic panel filters
. o >10.0pm Particle size. | Minimum filtration Washable Aluminum mesh, la-
3 <20% 70-75% Pollen Residential tex coated animal hair, or foam
Dust mites Window air condi- rubber panels
o, —70% . .
2 <20% 85-70% Sanding dust tioners Electrostatic Self charging
Textile fibers (passive) woven polycarbonate
1 <20% <65% panel filter

(extracted from ASHRAE Standard 52.2-1999, p. 39)
§eoSsqps(ordinary office building) sa0305 MERV 5 ¢ MERV 8 filter qp:o3 saaddgo30005
69058 2090E[gE Geoss(prestige office complex)og€ MERV 11 ¢ MERV 13 filter (higher MERV filters) o3
:20)4go39051 MERV 00§3:qpsoopd([g€a0pd) filter qpea’ saaddgfgselops op§oqo§od(fiter 3
S0y 0§055¢ gbodencdamse opsoqe§od) Sqp:dbendi o8eacd 20§qlieepdas mSoyodadst
32082 981062000 MrSoydodgp:od caapq¥EaBGupdi
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Table 8-7 ASHRAE 52.2-1999 Table 12-1, MERV Parameters
Standard | Composite Average Particle Size Efficiency, % Average Minimum Final
52.2 in Size Range Arrestance, % Resistance

Minimum by Standard Pa Inches of

Efficiency Range 1 Range 2 Range 3 52.1 Method water

Reporting | 0.30to 1.0 1.0to0 3.0 3.0to 10.0 column

Value

1 N/A N/A E3 <20 Aavg < 65 75 0.3
2 N/A N/A E3 <20 65 < Aavg <70 75 0.3
3 N/A N/A E3 <20 70 < Aavg <75 75 0.3
4 N/A N/A E3 <20 75 < Aavg 75 0.3
5 N/A N/A 20 < E3 <35 N/A 150 0.6
6 N/A N/A 35 < E3 <50 N/A 150 0.6
7 N/A N/A 50 < E3 <70 N/A 150 0.6
8 N/A N/A 70 < E3 N/A 150 0.6
9 N/A E2 < 50 85 <E3 N/A 250 1.0
10 N/A 50 < E2 <65 85 <E3 N/A 250 1.0
11 N/A 65 <E2<80 |85<E3 N/A 250 1.0
12 N/A 80 < E2 90 < E3 N/A 250 1.0
13 El <75 90 < E2 90 < E3 N/A 350 1.4
14 75<E1<85 |90<E2 90 < E3 N/A 350 1.4
15 85<E1<95 |90<E2 90 < E3 N/A 350 1.4
16 95 <El 95 <E2 95 < E3 N/A 350 1.4

Gaosy) GeoseSiqps(medical facilities)og€  00d0B:dums(bacteria)gpisC 8E:q0003 ©udepigh
MERV 14 ¢ 16 9580C§ filter qp:o? 32033g00pdn cpsoeeonCyps(patient spaces)op€ oodoBssuos
(bacteria)gpzs& 3E:q0603 ©uSqp:q$(removal of all bacteria and viruses)ssogod MERV 17 o

:20)4gj00pS1 30303 G0 GeoreSiqpiopE HEPA filter qpzoopd de$saadigies[oi(standard) filter gps
[§8[030005n HEPA filter qpseil efficiency 2005 99.7% [98[G: 0.3 micron Goo:codaopd 3a¢&(particles)

qpeod 20§0E60:8E005

(0) erogdg(resistance to airflow)opS fan eubomlgEeomEas(horsepower) Bob§oS sajropopdi
Geogdg(resistance to airflow)qpeco  Bsaioqeolaqpiecolgdfd: fan gb:eaEadde  qpzooRdi
Belopecogp: croodeaigodonsiogdesnt goaaypigps copdeuigoopdi
ecood§E0pd sfomergpspds(area decrease)ogaagiC croodesepd crosaaqCdyps(increased air
flow)aopSi o3elopé crogde(resistance to airflow) Sqpzom fan g8:ea€adsdy dqpscB&epd
Pre-packaged system qp:og€ 000300pd(MERV [§E00pd) ecvodypa’ [godoo§iogndlaesnt
962322:602080000 fan gqps 0o6soCooeredeon 836ads air conditioning unit (domestic system)

qP2o0pd 3zmscypeolsq(pressure drop) $o0s00p9 MERV 5 a3ewpod MERV 6 filter gpsacn 006s0lq)
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eent:§Coopdi

() 399§ 90p5:86:00p0:8E@E:(dust holding capacity)oopd coodonés(filter life) $& 2005e3E005
MERV 7 2300705 MERV 8 3260¢ pleated filter qpsoopd (o saadigfog0005 croodgp: [g&[o30005
MERV 9 o300pcd MERV 10 22808 bag filter qpiei 829§ 00p5:036:0000:8895s(dust holding
capacity) podeoaopd esep(dirty environment) gp:3a0305 bag filter qpod 3209dgj00E200N
eoodadgS(change the filters) 905300pd3adlqps qOoo&(shut down the system)codgs o[gd8E

20pd3a8lqps 220305 bag filter qpo? 32033{g[030005

©.G.6 Benefit From Good Filtration
(o) Clean HVAC system facilitates efficiency and improves performance.
() Efficient heat exchangers improves energy consumption.
(p) Less cleaning work in HVAC plant and of duct system
(G) Lowers long-term operation cost of HVAC plant
(§) Delays deterioration of equipment
(©) Lower risk of hidden microbial contamination

©.G.q Filter Selection
Objective: To obtain the cleanest air at the lowest cost
(o) Identify your objective or concern.
(J) Know your filter efficiency.
(p) Select filter base on technical data.
() Regular monitoring of filter performance.

.G.e IAQ Control Method 3: Dilution

euooyEyé [gEoecogps(outside air)aopd sspodsacloyantol(free of pollutants)aopd
eoocomEierooosqp: [gofogoopdn Beadd &I meeSgpi(large dust particles)  codgps(birds)sé
328:00053sgs(insect)qp: §esSEaopdi van§olagpisC sapodmaciogiqp: [gEsma: eagpspdiogicog
(used to dilute any contaminants in the space)saogod [gE€oecogpind soedimcpliad woopdel
32gudmoni3ien:00p) saepyps(coarse contaminants)qpso? wodepigeaogad sosdlsCode$ (screen
and filter co6§) 882600001

WgP:e §epodcd0500pd 07g888es005938 [gCiems(to breathe and to dilute the carbon
dioxide we exhale) coqpspS:ogeogs $& eodoRe eamodadqenddeg, (oxygen)dlofy dqpsaon
eoq$ [gEoeco(outside air)aopdeuigs c3sabo0pd Dilution ventilation 20p5 sagpsed: 320dg[0pdspS:
(standard method) [9620p51 326800059832038: Groad0pEdoCes0pd I2podeac(:(pollutant)
03 BEeqoasmeo305 spdscbigpisé  copdeuepd [gEoerovwaan(methods and quantities
required)o? ASHRAE Standard 62.1-2004 03¢ 326:00:805 Ge5{goon00pdi

©.§) ASHRAE Standard 62, Ventilation for Acceptable Indoor Air Quality

ANSI/ASHRAE Standard 62, Ventilation for Acceptable Indoor Air Quality 03 opqo9sdope
000030361 0RE095603E 3030o[REI oReEP$ORE Gsr0ded[30m:|9b [gersigqdqpiad [gEsot
@8:6900p51 ANSI “continuous maintenance” process $& 030503¢ §eoqfsaogad edlcwd(standard
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policy)od 1997 o3& ¢[pE:cd30p5 633005038 Gw5goonopd sagedsacua(information) qpzoopd
2004 printed edition o3 226[gd4] g&:{goonzaopdi

Standard 62.1-2004 2005 cpqpsfeso00d FeSigp: Bewrod 3cd3cdesepqps(“all indoor or
enclosed spaces that people may occupy”) 320305(g620p01I  ©8&:a08eSs(laboratory)gps 005§
F2000§qps(industrial)$& oofgrieoomesepyps(other spaces)saoged  3oo€{m60pd opdimndaEdyps |
c8325qi05¢gp:(additional requirements) 2005¢05002:20001

pesaBEgpeel oo sroogadsE(residential ventilation) 20053EagE ASHRAE  Standard
62.2-2004, Ventilation and Acceptable Indoor Air Quality in Low-Rise Residential Buildings o%
0320m:8E0051 005§ OGRS WGA3EeseRd  Spcpdaowesepyps(industrial - occupancies)s&
2005a380qi€ Industrial Ventilation o3 8[g6:8€20001 American Conference of Governmental Industrial
Hygienists ¢ [ggo$:0000 Standard 62.1-2004 03€ 6320050132038: GeEamzeed(goonzoopdl oJogS
dpR8qp: [ggr&q[gS:el pdgudqoden cpgp:ei 0q8:aeqEad8ndg ofesnt! sagepudyp: mEieoicogs
320905 6e03qPd3609:5¢ 208600:§qepd ventilation rate 03 c00deodeugts [gdaod

065560561 qpbgudged(purpose of this standard)yn 30§:3203C:§es0pqp:( human
occupants)el oyiece: SagepodSaps adiojqp: 325p5:00: [gdeogS(minimize the potential for
adverse health effects")320305 sa5p5:00: copdeuiqEpd  [gE€uecudigSs(minimum  ventilation
rates)s¢ 2088a5:§qepd [gEoecw  Faepbeacogs(minimum  quality)od 2005005(specify) Gog
[§62025

("The purpose of this standard is to specify minimum ventilation rates and indoor air

quality that will be acceptable to human occupants and are intended to minimize the potential for
adverse health effects.”)

005$8C0pd  GrosaqpdSaaeog:(tacceptable indoor air quality”) e300pd¢  2005e0Ep
anam3Eapion  cpgpiod  conaagepuSigdeodtoopd saepypiediolfgls  magepuSigdeocannadoogd
oo ooy edgo500500500p) GromRbecog: [§Ba0pdi q ©0% GoysEgLSeaE00
000598E2000p 2005005[gE:dqEoRd GrosaqPS3aeog: [§Eaopbi(Mair in which there are no known
contaminants at harmful concentrations as determined by cognizant authorities and with which a
substantial majority (80% or more) of the people exposed do not express dissatisfaction.”)

dqSdppss(standard)sC  crosaqpdmacogi(indoor  air  quality)o?  088:086:88S320305
8225105 $6¢j0? cwdgoonzoopd
(0)Contamination o3 m&a00500:qepd c33205/05¢p:(requirements to limit contamination) $&
(gEszmieagpspdieant  [gopdesé ©udooodes  cBeadgodqps(requirements to  provide

ventilation to dilute and remove contaminants)o3 [g620251

Contamination 3280803 0§2005000qepd c33205/05¢p:(requirements to limit contamination)
205 2068000533883CE:(building  design)sé  2005a38o0pSI eodd0rE  eqeg.gpigtielopt Fes:
3038:5 edodgnsg(mold problem) [g8ecl8E051 croodd ee§ieqeg,.clopt [goedleom [gocosogp:
(moisture problems)o? 00058E00¢ GaqRspSEEa$320305 relative  humidity(%)0d  c00568E00d
:e0EBeepadesnt [grodooqepdi
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©.§).0 Requirements For Filtering (ccooo§otq§e0p05 cdeadeodyp:)

eooo€edlodype(outside air inlets)sé eoosd:anodedlod(contaminated exhaust)odsalogpzope
esepfepioonqepd 35p5:00:c32060000 a0z3G0s(separation  distance)od c305$0$ 63208384
0pd:qds0pSsnGigpiad  Bodsnqepdl  ©o08qEigeae0l wopBaopd aSqpsalog: daSsCondes
H[gSsacps crogpieod[gts(re-circulation of air between zones that have different contamination

levels) ocpoS[ges olgjq

Standard  62.1-2004 € ©e0:8060NNHVRY  MefiwerogPiad  680:85eo05g¢
olgjeoneom Feesse5epyps(no-smoking areas)sdod couSeemnd[gls cusdfgtselgq(MAir from smoking
areas shall not be recirculated or transferred to no-smoking areas.”)i ¢s0:c36 Goo05a0p065ePe
eoogp:a?  680:08606om050000  esepad  copdeudgla  eepodfeolgln  [gScopd  3a03dg[ats
e@lcx?Sqn(Also smoking areas “shall have more ventilation and/or air cleaning than comparable no-
smoking areas.”)

(2)"The Indoor Air Quality Procedure”

Space =2038: 3300636[0qps(contaminants)o’ cLc5$§Ea0pdsac0 (acceptable limits)ad cepod
eamt  B&q)o[gts(controlling)gé c005$§E005 ervsagpEdaaGags(acceptable air quality)
8820001 Procedure ongélgioonzaopS(allows) con59§Ea0pd eromeepbencags 355080zE 0380006
(maintaining acceptable indoor air qualiW)aoogch particulate filter §§: gaseous filter qp:or‘ﬁ 3901"?:
[gig€e0soonzoopdn

(J)"The Ventilation Rate Procedure” Acceptable air quality is achieved by providing ventilation air of
the specified quality and quantity.
Ventilation rate procedure §p5:0005 cdea052005 [gEoe GroeomE: Gruan(adequate supply of
acceptable outdoor air)qps copdogC:q] contaminant gps ©oSepod[gEs(removing)sé  [gEsza:
eaqpspdogineant  [gepd[gls(diluting)gé  space  3o038:]  00598E0R5  GrozEgRbeRGOy:
(acceptable IAQ) g§e30E[gepd[gE: (42000 [gE€uerogpsei c0§oCqsC outdoor air gpsel pollution
level 2005 6§86p3%:(national standards)qpse 2005¢05000:00053503¢: [§OqERdI

©.6 Basic Required Outside Air for Ventilation Rate

00pd60:6epdEr00EIMN0503 0gedpdEdl REBELNS Grord3a000pds5:sE e§o (o)
00pq§:8000300305 8326000058+ ())§jredlEs0000505:(L/s, per person, plus a rate per square meter,
L/s » m*)edlog =a6[gde) 030520051 (¢ - ¢ Table 6-1 in Standard 62.1-2004)

oocoemgjseongdoopd(first occupancy category) o3ooods36efiqps(hotel bedroom) cpes
32085qP:30R05 (WIdEONN5:0R05 6o 2.5 L/s §8:58 e§on(0)oopeSidommagnd 0.3 L/s s
(2.5L/s per person $& 0.3 L/s per m?) [g620251

Default occupancy density o3 =26[gdgjogodagE (000)00pgs:BomagE (00)eunadgss(10
persons per 100m?)[gdoopdi pondeuncdmeaged e 2.5 L/s §8:5C e§orn(0)oopqsiBorssogod
0.3L/s §8¢ $6§:eA:300305 [gEoerudigS: 55 L/s a3za62005

10 people x 2.5L/s per person + 100m? x 0.3L/s per m2 = 25 L/s + 30 L/s = 55L/s
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(000)007q§:802330305 30 L/s 822620081 cp(00)eom0denme0305 [gEoecudigs: 25 L/s
832600051 GrosddjeedlCia0305 55 L/s (25 L/s + 30 L/s) [§doopSi(The default combined outdoor air
rate is thus 55 L/s for 10 people occupying 100 m2.)

55 L/s 20pd op(oo)eomaden  [gbeomelopé  oodeomodsaoged  geede:  [gEoeco
83251052005 5.5 L/s [gbo0pdu(Divided by the default population of 10 persons we get 5.5 L/s for the
base requirement per person.)

Bonudsagjgsaons(hotel category) multi-purpose assembly 29§gbaqi€ cpoddeLNd 6w
2.5 L/s §85:5C a§omn (0)00pe§iBomnmncgnd 0.3 L/s 52 (rate per person, 2.5 L/s) & rate per m?,

0.3L/s §§:03 oppBoopdi

Default occupancy density 2005 120 persons/100 m? [g9a0p51 much higher occupancy density
(ventilation for the space is much less significant) combined outdoor air rate per person oaé

006005[gb20pdn halved to 2.75 L/s, (rounded up) 2.8 L/s 33(gd 38:05a%: 200500520001

Contaminant qpseil 3agSsagodseons(particle size)sC 32034qO(typical application) s26(gde)
MERV sos0&qps(categories)o? table 8-6 $& table 8-7 0303€ cwdjgoonzaopdi

TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE
{This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

Defanlt Valnes
e Aﬁfﬁ'&“@ Oceupant | ¢ uined Outdoor Air
Occupancy Category ’ Notes (“IzeNn:g 4 Rate (see Note 5) CAh
lass
efm/person | Légsperson | ofm/f? | Lisem? #“MQEIZ cfmfperson | Lissperson
or #1000 m’

Hotels, Motels, Resorts, Dormitories
Bedroom/living Room 5 25 0.06 03 10 11 58 1
Barracks sleeping areas 3 25 .06 03 20 3 4.0 1
Lobbies/prefunction 75 38 008 03 30 10 4.8 1
Multi-purpose agsembly s 235 1.06 03 120 6 2.8 1
Office Buildings
Office space 5 25 0.06 0.3 5 17 85 1
Regeption arcas 5 25 (.06 03 30 7 35 1
Telephone/data entry 3 25 0.06 03 60 6 30 1
Main entry lobbies 5 25 0.06 03 10 1 55 1

(GENERAL NOTES FOR TABLE 6-1

1 Related Requirements;: The rates in this table are based on all other applicable requirements of this standard being met.

2 Smoking: This table applics 10 no-smoking areas. Rates for smoking-permitted spaces must be determined using other methods. See
Scction 6.2.9 for ventilation requirements in smoking arcas.

3 Air Density: Volumetric airflow rates are based on an air density of 0.075 [by,/ft (1.2kay,/m?), which corresponds to dry air at a baro-

metric pressure of Tatm {101.3kPa) and an air teroperaturs of 70°F (21°C), Rates may be adjusted for actual density but such adjustment

is not required for compliance with this standard.

Defanlt Occupant Density: The default oceupant density shall be used when actual cecupant density is not known.

Defanlt Combined Ontdoor Air Rate (per person}): This rate is based on the default occupant density.

Unlisted Occupancies: Ifthe occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy care-

gory that is most similar in terms of eccupant density, activities and building construction shall be used.

Residential facilities, Healtheare facilities and Vehicles: Rates shall be detenmined in accordance with Appendix E.

¢ ©-© ASHRAE Standard 62.1-2004, Parts of Table 6-1

~1 &N
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eomEs0005028 Chapter-8 Ventilation and Indoor Air Quality

Recommended Ventilation Rates for Singapore

0Comp8EagE Outdoor air supply 320305 SS 553 Table 1 ¢ 3g053a0005¢P:0d Bodsn
qopdI ooeg,aqpsg(air movement)aood SS 554 TAQ recommendation 83q 0.10 to 0.30 m/s ¢ 52036
[g©20p5n SS 554 IAQ recommendations =2q) Bacterial count 20p0 500 cfu/m? coobgpSsqepdi Mould
count 20p5 500 cfu/m? 0eanooad 05:6epdi

[45608EE0305 Badsoqepd ACMV code olggasiqeonieamelopé coteagpaopd §EEoome
code 0069903 805506) 8&E:006 0059058 Edodi

©.q o3ffreneepadfodyqp:
Geom06p022603:(IAQ) a3:0lpdqEgE:elo3pé [gbedlamn§Eanpd oyfiwaeapad8adaqp:
(o) Sick Building Syndrome (SBS)
(on)zeq0de0lC:qpigaelopEgdediaopdi  [gdgo5od903  dBo3ogey  200dwodesdlyes
o[g68ES (non-specific agents)
(9)3268000520830038:§ v 0% o, oyfeeneapd80dagp: [(§6§E0pd (may affect up
to 20% population)

() Building-Related Iliness (BRI)
(0)&0 Begnsgpielop [gdedloopdi (due to specific micro-organisms or allergens)

(p) oq§2e06qg0380560000) oo[gpieaepyp:
(oo) Dust mite
(®) Animal dander

(o) Pest allergen

©.qQ.0 Sick Building Syndrome (SBS)

Signs & symptoms

(o) Eye irritation — dry / watery eyes

(J) Noise irritation — runny / blocked noise

(®) Throat irritation — dry / sore throat

(G) Skin irritation — dryness / redness

(§) Headache

(©) Lethargy

(Q) Irritability

(o) Lack of concentrating (Experience after 1 or 2 hrs at work, Relieve when leaving the
building)

©.qQ.J Building-related Iliness (BRI)
(o) Clinical sickness or disease
(J) Legionnaires disease
(p) Legionella pneumophila
() Acute lung infection
(9) Cough, chills, headache
(©) General aches & pains
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(Q) High fever & mental changes
(¢) Pneumonia
() Respiratory failure
(00) Humidifier fever due to amoebae, thermophilic acetnomycetes, ...

(09) Others (e.g. asthma, rhinitis, hypersensitivity pneumonitis, dermatitis,
conjunctivitis)

0.0 6co3qpd=6ag: §gE:003p0¢p: (IAQ References)

(0) Indoor Air Quality Handbook, 2001 McGraw-Hill, Spengler, Samet, & McCarthy

() Risk Assessment and Indoor Air Quality, 1998 Lewis Publishers, Anderson & Albert Roy

(?) Indoor Air Quality and HVAC Systems, 1993 : Lewis Publishers, Bearg

(G) ANSI/ASHRAE Standard 62-2001 Ventilation for Acceptable Indoor Air Quality

(§) ANSI/ASHRAE Standard 62.2-2016 Ventilation and Acceptable Indoor Air Quality in Low- Rise
Residential Buildings

(©) Code of practice for indoor air quality for air-conditioned buildings SS 554 : 2016

-End-
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