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Contextfor developmentof this Document

Statementof the ASHRABoardof Directors,asfound in the ASHRAPBOsition

Documenton InfectiousAerosolsApril 14,2020:

Statementon airborne transmissionof SARSCo\,2: Transmissionf SARE0V2
throughthe air is sufficientlylikely that airborneexposureto the virusshouldbe controlled.
Changeso buildingoperations,includingthe operationof heating,ventilating,and air-
conditioningsystemsgcanreduceairborneexposures.

Statementon operation of heating, ventilating, and air-conditioning systemsto reduce
SARSC0V2 transmission: Ventilatiorandfiltration providedby heating, ventilatingandair-
conditioningsystemscanreducethe airborneconcentrationof SAR$ 02 andthusthe risk of
transmissiorthroughthe air. Unconditionedspacesancausethermalstressto peoplethat may
be directlylife threateningandthat mayalsolower resistanceo infection. In general, disabling
of heating,ventilating,andair-conditioningsystemss not arecommendedneasureto reduce
the transmissiorof the virus.

Giventhe needto control airborne exposuréo SARE0V2, what doesa building
operatorneedto knowabout EnergyRecovery Ventilation (ERS)stemdn their
building?

Thescopeof ASHRAEC05.09s“ ...ato-air heatexchangerstheir applicationand costbenefit
relationship.It includesconsideratiorof the needsand proceduresfor standardizatiorandtesting,
ratingandterminologyapplicableto air-to-airenergyr e cover y ” .

Topreparethis guidancethe TCmadeuseof the expertiseavailablewithin the committeemembership,
reachedout to expertsin other TCsandworkedto complementthe efforts with ASHRABNnd other
organizationsespondingo the pandemic. In particular,the BuildingReadines3 eamof the ASHRAE
EpidemicTask-orcewasinvolvedin the developmentof thisdocumentto be ableto supplementtheir
BuildingReadines&uidethat is providingpracticalguidanceon buildingsystemsandhow they needto
be checkedandor adjustedfor operation. TheBuildingReadinesguidehasusedexcerptsfrom this
document,but pointsto this guidancefor additional levebf detail andinformation.

Contributorsfrom TG5.5to this documentare listedin APPENDIZ: Contributors.

Thescopeof this documentisthe operationof existingsystems. (NOTEBoldtermsare definedin the
TerminologySection.)
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Many buildingHVAGystemsncludeEnergyRecoveryentilation (ERVyystemsgither standaloneor
integratedwith Air-HandlingUnits (AHUs)Unitary RooftopUnits (RTUpr DirectOutsideAir System
(DOASUNits. Theirpurposeis (1)to facilitate or provide Outdoor Air Ventilation and (2) to reducethe
energyuseandsystemcapacityrequiredto conditionthat Outdoorairto comfort conditions.

Thereare manytypesof ERVsTheirdescriptionscanbe foundin HYACSystemsand EquipmentASHRAE
HandbookChapter26“ A-to-Air EnergyRecovenE q u i p nitdsimpdrtant to note thatthis
documentisfocusedon ERV unitsvith exhaustand supplyductsco-locatedin the same cabinet.These
includerotary wheelandfixed-plate heat or energyexchangers (Heatpipe andthermosiphonheat
exchangersometimesare usedin ventilatorswith co-locatedductsin the samecabinet.) AnyERV
ventilatorwith co-locatedductsor compartmentsis potentiallyvulnerableto somedegreeof leakage
betweenairstreamswhether at the exchangepr at leaksbetweenthe co-locatedducts. Thecoil energy
recovery(runaround)loops,heat pipes,andthermosiphonheatexchangersvhenbuilt to provide
distance or aphysicakir gapbetweenthe two airstreamsare not.

Leakagdrom the exhaustairstreamto the supplyairstream,if it occurswithin the energyexchanger
portion of the Ventilation system,is referredto as ExhaustAir Transfer(EAT)T-9). Therate of EAT
into the SupplyAir (T-1) is calledthe ExhaustAir TransferRate(EATR]T-8). Formanufacturersvho
participatein AHRILO60,EAT/EATR anindependentlycertified performanceating.

SomeERMInits or sectionsare designedo allow for asmuchas5%or 10%EATR This iswvithin ASHRAE
Standards2.1allowancesandis themostenergyefficientfor somespacesASHRAEtandard 62.1sa
minimumguidelinemeantto coverall systems.Thistechnicaldocumentation will provideadditional
bestpracticeguidelinego exceedthe minimumASHRARBuidelines. ER\&ystemdor other spacessuch
ashealthcarefacilitiesare designedo minimizeEATRo negligiblelevels,seeASHRAE/ANSI/ASHE
Standardl70-2017Ventilationof HealthCareFacilitied2]. Whenwell-maintainedand properly
operatedthe EATmaybe similarto or anorder of magnitudeless tharthe Reentrainment (T-10)
amount.

In manyHVAGystemsair from the spacealsois deliberatelyrecirculatedinto the ZoneSupplyAir to
the spacesothat the requiredheatingand coolingcanbe provided. WhenHVAGystemsnclude
RecirculatedAir (T-1), that typicallyis responsiblefor muchmore reintroductionof contaminatedair
from the spacethanis EATin the ER\br Reentrainment. Leakagelsocanexistbetweenadjacent(co
located) ductor compartmentsin air handlingequipment.Finally air exhaustedrom the buildingcan
be pulledbackinto the Outdoorair intakesthrough Reentrainment (T-10).

Reentrainment of contaminantsfrom exhaustair occursin all buildingdesign ASHRAB2.1
recommendshat Classl exhaustbe limited to 20%(dilution factor of 5) of the ZoneSupply Airand
that class2 exhaustbe limited to 10%(dilution factor of 10)of the ZoneSupplyAir. ASHRARP1635
andASHRAE?2.1NormativeAppendixB provideguidanceon howto calculateseparationdistancesand
modify dilution factorsfor specificjob site or applicationsthat couldbe applicableto variousdesignsof
HVAGystemsawhichincludesbut are not limited to ERVand DOAS.

FromRP1635 dilution factor canbe positivelyaffectedby someof the followingbasicprinciples:

1) anexhaustis pointed awayfrom the Outdoorair intake.

2). Theexhaustis not cappedor redirectedtoward the Outdoorair inlet

3) Exhausbutlet ison adifferent wall relativeto (i.e. hiddenfrom) the outdoor inlet.

Eachof thesecanbe usedin conjunctionwith one anotherto improvetheir impacton dilution. Using
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the calculationan ASHRARIll allowyouto calculatereasonableduct designextensionsf the first 3
recommendationglo not achievethe desireddilution affect.

GeneraRecommendations

TheTC5.ESThRositionis that well-designedand well-maintainedair-to-air energyrecoverysystems
shouldremainoperatingin residencescommerciabuildingsand medicalfacilitiesduringthe COVIEL9
pandemic. Thisis becausamnaintainingat leastnormalOutdoor Air Ventilation rates,with proper
temperatureand humidity conditioningof the insidespacejsimportant for maintaininghealthand
combattinginfectiousbioaerosols.

Dilutionof contaminantsjncludinginfectiousaerosols by outdoor air Ventilation is anintegrallAQ
strategyin ASHRAEtandard 62.Ventilationfor Acceptabldndoor Air Quality[4][5]. A properly
designedsystemalsoincludesfiltration in manyforms,alongwith properbuildingpressurization
controls.

Howeverwhenit isknownor expectedthat aninfectiousoutbreakhasor will occurin abuilding,the
ER\Lystemsshouldbe inspectedfor properoperationand condition andcanbe evaluatedfor any
possiblecontribution of ZoneReturnAir with infectious bioaerosol® theb u i | daneSupply Air
Practicaldviceis providedbelow (SeeAPPENDIX: Estimatingotal return air recirculationin
operational HVAGystemswith ERVS).

TheTC5.FESTwarnsthat changinghe systemoperationsettingswithout an effective understandingpf
the systemlikelywill resultin unintendedconsequencesuchasreducedOutdoor Air Ventilation rates
or out-of-control indoor humidity conditionswhichmaythemselvedavorthe spreadof viruses.When
competentsystemoperatorsare available the mostappropriateadjustmentgenerallywould be to
continueoperationof the ER\tomponentappropriateto climateconditions,andto increaseOutdoor
Air Ventilation rates,whichis consistentwith both the April 3, 2020REHVAOVIEL9 guidance
document[9] andthe April 14,2020ASHRABositionDocument— Infectious Aerosolfs].

TheASHRARBOositionDocument— InfectiousAerosolsalsorecommenddhat increasindilter efficiency
be considered.TC5.5estrictsits adviceon thistopicto the observationthat increasindilter efficiency
mayleadto aninitial reductionin airflow, or to earlierreductionin airflow dueto filter fouling. Fan
adjustmentsamight be required,and static pressureregimesmight change.Refeto the Building
Readiness Guider additionalguidancen increasediltration.

Theterm*® w edlels i gdnrhe abfitextof thisdocumentmeansthe supplyandexhaustfanarelocated
correctlyfor pressurecontrol at the exchangerthat the ERV isizedfor anappropriatevelocityand
pressuredrop, andthat appropriatesealsor purgeshavebeenspecifiedfor the application. Thereis
muchmore guidancein Chapter26 Air-to-Air EnergyRecovenfEquipmentof the ASHRAHandbook|[8]
(onlineaccesgo the Handbookss free duringthe pandemic).

Theterm*® werali nt assumedhdt the well-designedERWevicewasinstalledand setup
correctlyduringthe construction phasend hasheenproperlymaintainedsincethen. (Seepractical
advicefor inspectionin ER\exchangepn-site inspection)
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In an epidemienvironment,it mustbe recognizedhat evenif the unitsandsystemsare designed
properly,they must havebeenconstructedand maintainedproperlyto ensurethey are not allowing
excesdransferof exhaustair to supplyair. It is alsopossiblethat the facility wasnot designedwith
epidemicconditionsin mind. Thefacility maintenancaeam shoulddo acheckof their systemsjn
accordancedo thema n u f a cguidamceThdtshouldincludeconsultingthe origind engineerof
record,a Commissioning’rovideranda Testand Balance (TABjgentif neededto determinethe ERV
deviceis functioningproperlyandasneeded-whichmight not be the sameasoriginallyintended.

Noteson singlefamilyresidentiakystems

1. If noresidentof the houseis selfquarantiningfrom other membersof the household.continueto
operatethe ERV.

2. If aresidentlSselfquarantiningfrom other membersof the householdthe HYAGystemneedsto be
modified suchthat no air from the quarantinespaceshouldbe returningto the ERVbr the airhandler.
Thiscanbe done by blockingoff return registersin the quarantinespaceandimprovisinga systemto
exhaustair directlyfrom the spaceto the Outdoor.

3. Theremainderof thisdocumentdoesnot necessarilyapplyto residentialheatrecoveryunits.

Noteson MedicalFacilities

With respectto healthcarefacilities,pressurizatiorof spacesandductworkandequipmentis a
significanttool in containmentandis addressedy ANSI/ASHRAE/ASBtandardl 70-2017,Ventilation
of HealthCareFacilitie$3] and,to someextent, ANSI/ASHRARandards2.1-2019,Ventilationfor
AcceptabldndoorAir Qualityf4]. Othercriticalspacesike labshavetheir own designguidelines,
standardsregulationsandrecommendations.Thispressurizatiorof spaceds a significantand effective
method usedto reduceair movementfrom spacewith infectiousaerosolsnto other spacesn orderto
reducetransmission.Similarly differential pressurizatiorthe compartmens adjacentto ERV
exchangersire usedwhennecessaryo control ExhaustAir Transferto negligiblelevelsin HVAC
systems.If in medicalfacilitiesit isthoughtthat COVIBEL9 requiresnew infectious aerosotontrol
strategiesin non-criticalcareareas,enhancediltration of the Zone SupplyAir will likely be the most
effectiveadaptivestrategy. Whenthe Ventilation systemdesignincludesanyair Recirculation
enhancediltration of ZoneSupplyAir is criticalwith or without an ER\Wevice.

Whetherthe ERV i®eingusedin patient carearea,convertedspaceto patient care,or occupiednon-
patient areas the unit shouldbe inspectedfollowingthe proceduresbelow. Anestimateof Exhaustir
Transferfor the ERVReentrainment amount,and Recirculationwith the HVAGystemshouldbe made,
andthe buildingoperatorsshouldwork in coordinationwith the hospitalinfection control teamto
determinewhetherto modify the operationof the ERVand/or the system.

PracticalGuidancdor EpidemidOperationof ERV20200609.doc» Pageb of 29


https://www.ashrae.org/technical-resources/standards-and-guidelines#preview
https://www.ashrae.org/technical-resources/standards-and-guidelines#preview
https://www.ashrae.org/technical-resources/standards-and-guidelines#preview
https://www.ashrae.org/technical-resources/standards-and-guidelines#preview

Evaluatiorandon-siteinspectionof ER\systemsn operational
buildings

SystenDesigrConsiderations

Theenergyrecoverywheel orplate exchangers a sub-componentof the overallsystemand
anyanalysishouldbe madebaseduponthe total systemconfiguration.

HVAGSystemswith Intentional Recirculation

Normal
Potential Recovery ; Start

Wheel Seal Leakage ' 65
e <y : 21677 cim60.1

T e |
S

Figurel AHU Configuratiowith Recirculated Aiand EnergyRecoverfgxchanger

If the ER\exchangeis installedin asystemwherethe outdoor air portion of the total systemairflow is
beingprocessedy the ERV, bu& portion of the ZoneReturnAir is beingRecirculatedbackto the space
asshownin Figurel (asare most AHUsand Unitary RTUs}hen turning off the wheelwould do little to
improvethe ZoneSupplyAir quality sincethe ExhaustAir Transferrate associatedvith the wheel
would be small comparedo the Recirculationrate.

However,if sucha systemcanbe operatedasa 100%outdoor air unit, thismode of operationmight be
preferredwhenepidemicconcernsexist. Toaccomplishthis, the supplyandreturn Outdoor Air
Ventilation ratesshouldbe increasedthe recirculationdamperclosed andemporarilysealedto
minimizeleakage andthe systembalancedsothat Static PressureDifferential is correctfor the
exchangetype. Seethe nextsectionfor a discussiorof static pressures.

HVAGSystemsvith 100% OutdooAir (NoRecirculation)

If the recoverywheelisinstalledin asystemthat is processind.00%outdoor air (no intentional
Recirculationof ZoneReturnAir) then the systemre-entrainment andthe exchangerexhaustair
transfer following systemoperationalparametersshouldbe consideredo establishandassesany
relative sourceof crosscontaminationassociatedvith the energyrecoverywheelin the system.
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Exhaust Air
(With duct addition long enough to minimize

re-entrainment)

Wheel Purge Section [~
(Effective purge operation due to return static pressure (-3”)
being less than the supply static (-2”))
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‘ Return Air
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O

and seal leakage direction)

@ Static pressuresaround energy wheel (return static lower than supply to ensure effective purge

: Supply Air

Figure2 DOASSystentesignedor little or no EAT

1) Whetherthere is exhaustair transfer at anexchangeis stronglydeterminedby the fan positioning
in the energyrecoveryunit or HYAGystem. In all fanarrangementsit is expectedthan the grossair
flow of either the exhaustor supplyfan will be greaterthanthe airdeliveredor exhaustedrom the
spaceto achievea desiredexhaustair transfer. Grossairflow andexhaustair transferare also
dependenton proper StaticPressureDifferential. If the static pressurein the supplysideof an
exchangersatleastO . &réaterthanthe static pressuren the return sideair enteringthe energy
recoverywheel,then anysealleakagewill movefrom the cleanto the dirty airstreamandanycarry
overwill be insignificant. Underthesepressuresenergywheelsequippedwith a properlyinstalled
purgesectionwill havean EATRessthan 1-3%andin somecasesffectivelyapproachingzerowhen
laboratoryor field measurementesolutionsaretaken intoaccount. In somecasesthis maybe less

than the Reentrainment previouslydiscussed.

ExhausiAir Transfercanoccurin ER\MInits or HYAGystemausingplate exchangersaswell. In most
caseghe ExhaustAir Transferratesare lower, andthe drivingforcesare confinedto the Static
PressureDifferentials betweenthe compartmentsadjacentto the exchanger.

Figure3 showsall the potential fan configurationsusedfor energyrecoveryor DOASystems.ERVs
with fan Arrangement shouldnot be usedsincethe sealleakagewill alwaysgo from the dirty to
the cleanairstreamandthe purgesectionwill not function; ExhausAir Transfemratio in excesof
10%will be typical. If suchunits are found, they shouldbe shutdown and alternatetemporary
meansof ventilationshouldbe provideduntil a properly configuredER\Wtanbe installed. Almostall
energyrecoverysystemsnstalledwill employeither Arrangementl or Arrangement2 shownin
Figure3, andboth canbe effectivein limiting Exhaustir Transfer providedhat a proper minimum
pressuredifferential existsbetweenthe return andsupplyairstreams SeealsoFigure2 showinga

DOASystemwith fansin Arrangementl.

PracticalGuidancdor EpidemidOperationof ERV20200609.doc»

Page7 of 29




2) If asystemusesArrangement2, andif, for wheels,a purgesectionisin placeandthe wheel is
rotating in the properdirection (discussedater) then it is almostcertainthat leakagewill movein
the desireddirectionandthe purgesectionwill functionwell with air carry-overbeinggenerallyless
than 1%,andtherefore there is no needto measureto confirmsystempressuresexceptin the most
criticalapplications. Thisarrangementworkswell for plate exchangeraswell.

ARRANGEMENT 1 ARRANGEMENT 2

EXHAUST AIR = VR + VP RETURN AIR = VR EXHAUST AIR = VR + VP RETURN AIR = VR

] 0 R ——— < — P —
PURGE = Vp _‘/_‘] PURGE = Vp —J—J

= —_— O — —
OUTDOOR AIR = VS + VP SUPPLY AIR = VS SUPPLY AIR = VS

OUTDOOR AIR = VS + Vp

ARRA ARRA 4

EXHAUST AIR = VR + VP RETURN AIR = VR EXHAUST AR = VR + VP

GE = Vp ‘ —l PURGE = Vp

|
I |
. '
OUTDOOR =VSs + V|
OUTDOOR AIR = VS + VP SUPPLY AIR = VS S P

Figure3 Fan arrangementfor energyrecoveryexchangers

SUPPLY AIR= VS

3) If asystemusesArrangementl or 3 shownin Figure3, the staticpressurest the inletsandoutlets
of the exchangercanbe significantlyimpactedby pressuredropsor risescausedoy other
componentsin the systemincludingfilters, ducts,andcoils. Thedirectionof leakageat the
exchangercannotbe predictedwithout a determinationof the StaticPressureDifferential at the
exchangerbut generaltrends, particularlywith stand-aloneERMinits, are asfollows:

a) With rooftop unitswhichtypicallyare ductedonly at the exhaustair outlet and SupplyAir inlet
of the unit, static pressureat the exchangeEnteringExhaustAirflow is usuallylower than at
the EnteringSupplyAirflow rate, therefore leakages from Outdoorair to exhaustair;

b) Forindoorunitswith ductsat bothinlet andboth outlets:

i)  Whenpressuredrop betweenthe unitandtheb u i | dletangloudet grillesarelow
comparedto thoseon theother sideof the unit, leakageat the exchangelgaintendsto be
from supplyto exhaustresultingin no or low EATR;
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i) Whenpressuredrop betweenthe unitandtheb u i | dhietargloutet grillesare high
comparedto thoseon theother sideof the unit, leakageat the exchangetendsto be from
exhaustto supply,and ExhaustAir Transferoccurs.

Theabovediscussioris not intendedasa substitutefor inspectionand validationthat the ER\exchanger
or unit isoperatingeffectively,but asa guideto understandinghe behaviorof thesesystemsan

d the mechanism®y whichair from the buildingcanbe reintroducedto its ZoneSupply Air
intentionallyor unintentionally.

ER\Exchangepn-site inspection
Inspectiorprocesdor alltypesandsystems

Thissectionprovidesthe first stepsin field inspectionof ALLunits or systemswith ER\exchangers.
With systemdocumentation irhand,if possible:

G1l. Clearthe unit with avacuumto facilitate inspection. It maybe helpfulto removefilters inorder
to inspectthe exchanger(s).
WARNINGIf it isthoughtthat an ER\8ystemmight havebeenexposedo virusladenaerosols,
treat filters, exchangersind surfaceswith the assumptiorthey haveactivemicrobiological
materialon them. UseN95respirators,glovesand other PPEyentilate the space;andbagand
disposeof the filters. Pleaseseemore here: (https:/Mmww.nafahg.org/covidl9-coronavirus
andrair-filtration-frequently-askedquestionsfags).

G2. Cleanthe exchangesurfaceasrecommendedy the manufacturer,or simplycleanthe
exchangewwith avacuumandsoft brush(usea HEPAracif possible and alwaysif the unit is
insidea building).

NOTESomeexchangerganbe washed otherscannot. Confirmwith the heatexchanger
manufacturerthat the cleaninganddisinfectionsolutionsproposedto be usedare compatible
with the heatexchanger'srame andheatexchangaemedia.

G3. Checkor grossleakpathsbetweencompartmentsthat mightresultfrom ageor deterioration.
Checkinsidecabinetto seeif lightis comingin thru fastenerholesor seams.

G4. Checkthat the bypassandother damperare operatingproperly,not jammed,andthat the
dampersealsarein goodcondition.

G5. Determinethe generallayoutof the systemandidentify the four compartmentsadjacentto the
energyrecoveryexchangerreferringto Figure8 for the standarddesignations.Alsoidentify any
bypassedetweencompartments.

G6. CheckKilters: dirty filters affect airflowsand pressuredifferentials.
G7. Verifythe outdoor air pathis notobstructed(e.g.by cloggedntake screenor louvers).

SP1 staticpressuremeasuredat EnteringSupplyAirflow Compartmentl
SP2 staticpressuremeasuredat LeavingSupplyAirflow Compartment2
SP3 staticpressuremeasuredat EnteringExhaustAirflow Compartment3
SP4 staticpressuremeasuredat LeavingexhaustAir Airflow Compartment4

Table 1StaticPressurdesignationsat Compartmentsadjacentto Exchanger
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ER\éxchangeon-siteinspectionenergywheels

For apersonnot familiarwith the energyrecoverywheeldevicesherearethe first stepsto takewhen
inspectinga wheelfor properoperation. Preparedjf possiblewith the buildingsystemsdocumentation
determinethe following:

Inspectionwith SystenilTurnedOff (energywheels)

W-1. Isthe wheelclean?
Adirty wheelcanaffect both flow andleakagewhichwill changethe operatingcharacteristics
of the fan system.

W-2. Isthe wheelvisiblydamaged?
Lookfor areasof wear,looseor damagedmedia,or structural failure. Thesemayaffectthe
operationof the wheelandsystem.

W-3. Arethe sealssetproperly?
Sealshouldbe inspectedfor wear. Bothcontactsealsand norn-contactsealsare common,
consultthe originalmanufactureto determinethe propersetting. Olderwheelsthat rely on
sealsthat arein contactwith the wheelsurfacemayhavesealsthat areworn or damaged.

W-4. Isthe wheelequippedwith a purge?
If so,determineor estimatethe purgeangle,andwhetherthe purgeis adjustable. This
informationwill be neededlater if askingthe manufacturerfor an EATRating.

Inspectionwith SystenmOperating(energywheels)
With the systemrunningand anywheelbypasseglosed,confirmandrecordthe followinginformation:

W-5. Isthe wheelturning?
Many projectsrely on the buildingmanagemensystemor someother indicator, but the only
surewayisto visuallyinspect.

W-6. Isthe wheelrotating at the correctspeed(RPM)?
Anincorrectfactory speedcanbe attributed to areplacementmotor/pulley combinationbeing
usedor animproperlyprogrammedVFD.
(Note:sinceExhaustir Transferis lower at reducedwheelrotation speedsijt ismostimportant
that actualwheelrotation spead notbe higherthanthe designed speed.)

W-7. Isthe wheelturningin the correctdirection?
Whenthe wheelis equippedwith apurgesection,the wheelmustrotate in aspecificdirection,
seeFigure4.
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Supply Air
Purge Section - PRy

Purge Airflow

’ Return Air

Outside Air )
Proper Wheel Rotation:
Spot on the exhaust wheel face
passes through purge angle
before entering outdoor
Exhaust Ai 9

airstream

Figure4 lllustrationof the purgesectionand correctrotation directionfor purgeoperation

W-8. With the ER\bLystemoperatingnormallywith all bypass(esglosedmeasureandrecordthe
static pressuresn eachof the four compartmentsaroundthe exchanger.If the ERVhasmore

than one operatingmode,repeatthis process.SeealsoFigures FieldRecordingSheetfor ERV
ExchangeOperatingParametergWheel)
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Figureb FieldRecordingSheetfor ER\ExchangeOperatingParameters (Wheel)
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Evaluatiorfor leakage (energyheels)
A. LeavingSupplyAirflow static pressure(SP2yhouldbe at least0.5in. w.g. greaterthan the
EnteringExhaustAirflow static pressure(SP3measurednearthe wheelfaces. Thismeans
there isa positivestatic pressuredifferential, pushingair from the supplyto the exhaust.

B. Positivepressuredifferential meansthe pressureat the LeavingSupplyAirflow outlet of the
wheel ishigherthanthe entering exhausinlet of the wheel. Asshownin Figure6, this
causesealleakagein the desireddirection: from supplyair to the return airto be
exhausted.

C. Pressurdifferentialis frequently different than the original desigranticipation,refer to the
originalcommissioningeport that identified pressuredifferential. If the staticpressures
have changedsincecommissioningthe EATRnay be different than intendedduringdesign.

Seal Leakage GoingIn

Proper Direction:
Supply Air

With proper system pressures
seal leakage will go from the
supply (clean) to the return
(dirty) airstream

Return Air

Figure6 Supplystatic pressureshouldbe higherthan return static pressure.

D. If the StaticPressure Differentials not at least0 . @&vith SP2>SP3)askthe ERV
manufacturerfor an EATRating.
Provideat minimum:

SP2

SP3

RotationSpeed

PurgeAngle(if oneisused)

LeavingSupplyAirflow Volume.
Todeterminethe LeavingSupplyAirflow Volume,measureit directlyif possible.
Requesthe estimatedexhaustair transferasavolumerate (e.g.in CFM)at the specific

operatingcondition.
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ER\éxchangeon-siteinspectionplates

NOTEthis sectionalsoappliesto HeatPipeexchangersvith co-locatedducts

Inspectionwith systemturned off (plates)

P-1. Cleanthe exchangesurfaceasrecommendedy the manufacturer,or simplycleanthe
exchangewvith avacuumandsoft brush(usea HEPAsacif possible and alwaysif the unit is
insidea building). Some exchangersanbe washed others cannot.

P-2.  Checkhe exchangefor anysplitsthat connectadjacentcompartments shrinkagepr broken
sealsaroundthe framing.

P-3.  Determinethe generallayoutof the systemandidentify the four compartmentsadjacentto the
energyrecoveryexchanger.Alsoidentify anybypassedetweencompartments.

Inspectionwith SystenOperating(plates)

P-4.  Withthe ER\Lystemoperatingnormallywith all bypass(esglosedmeasureandrecordthe
static pressuresn eachof the four compatments aroundthe exchanger.If the ERVhasmore
than one operatingmode, repeatthis process.

P-5. Referto Tablel StaticPressureDesignationgit Compartmentsadjacentto Exchangefor akey
to the static pressuredesignations.SeealsoFigure7 FieldRecordingSheetfor ERVEXchanger
OperatingParametergPlate)

P-6.  Foreachoperatingmode,measureor estimatethe airflow rate in atleastthe ERVEntering
ExhaustAirflow andthe ER\LeavingSupplyAirflow compartments.

Evaluatiorfor leakagdplates)

A. SPIshouldbe higherthan SP2.1f not, there is no outdoor air flow, compartmentsare
misidentified,or outdoor airflow is backwards.

B. SP3houldbe higherthan SP4. Ihot, there is no exhaustair flow, compartmentsare
misidentified,or exhaustairflow is backwards.

C. If SP3sgreaterthan SPlor SP2thereis adrivingforce for exhaustair transferinto the
supply.

D. If SP4isgreaterthan SPlor SP2thereis adrivingforce for exhaustair transferinto the
supply.

E. If SP1is anegativepressure checkagainthat the Outdoorair path is not obstructed(seeG-
7). After cleaningor replacingdfilters measurethe pressuresagain.

F. Ifthereisadrivingforcefor exhaustair transferto the supply(conditionCor D),askthe ERV
manufacturerfor an EATRrediction.Provideat minimum:

SP2

SP3

LeavingSupplyAirflow Volume.

(Todeterminethe LeavingSupply AirflowVolume measureit directly if possible.)

Requesthe estimatedExhaustAir Transferas avolumerate (e.g.in CFM)at the specific

operatingcondition.
NOTESomemanufacturersof plate exchangeiunits provide chartswhich correlate pressuredifferences
betweenthe inlet and outlet compartmentsto the flow rate. Describethe condition of the exchangeto
the manufacturerandaskwhetherthesechartsremainvalid.
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Figure7 FieldRecordingsheeffor ER\VExchangeOperatingParametergPlate)
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Unitsor SystemsisingHeatPipesRunaroundloopsand Thermosiphomexchangersvith
airgaps

Whenthesesystemsare built with the supplyandexhaustsidesseparatedby aphysical distance/aigap
betweenthe two airstreams systemausing coienergyrecovery(runaround)loops,heat pipes,and
thermosiphonheatexchangersvill not haveExhaustir Transferinto the supplyairflow. Theyshouldbe
inspectedto ensurethat:

9 airflowsare beingmaintainedat designlevels,

9 filters arein goodcondition,

9 fluid flow ratesare per design;

1 refrigerantchargesare correct.

Remediatiorof systemavith ER\exchangers

If repair, remediationor modificationof the systemor the ER\exchangerss deemed necessary,
additionalconsiderationsapply.

OverallSystenConsiderations

R1. Inepidemicsituationsit generallyisrecommendedseeA S H R Buding Readinessuidg to
increaseOutdoor Air Ventilation and operate ERVin orderto increasedilution, while
maintainingcomfort conditions[6]. TheERWInit or exchangemaybe ableto accommodate
thisincreasecheckthe manufacturers specificatiorend performancerating programs.

R2. Inepidemicsituationsit isrecommended(seeA S H R BlldingReadiness&uidgto disable
DemandControlVentilation(DCV)that is, outsideair ventilation shouldbe maintainedat
maximumviablelevel. Note that operationof DC\tontrolscanaffectleakagen the ERVhy
changinglow rates,seebelow.

R3. Changesn supplyand/or exhaustair flow rateswill changepressuredifferentialsat the

exchanger.

a. DecreasindenteringSupplyAirflow candecreasepressuredifferential and subsequently
increasdeakage;

b. Increasingxhaustflows shouldgenerallyincreasepositive pressuredifferentials

(Arrangementl and 2) therebykeepingleakagdow.
R4. Thes y s t eeandnszemodeshouldbe properlyinterlockedwith the ER\bperation. When
in economizemode, airflowsshouldbe bypassinghe exchanger.

R5. Iffiltersin the systemare upgradedthe pressuredrop through thosefilters maybe higher,
either initially or soonerthan previously. Fanspeedadjustmentsmight be requiredto maintain
airflows. Dependingon wherethe filters arelocated,and whetherfan speedsare adjusted,
StaticPressure Differentiaht the exchangeicouldchange possiblychangingeATR Generally,
increasedilter pressuredrop downstreamof the ERM_eavingSupplyAirflow outlet, or
upstreamof the ERVEnteringExhaustAirflow inlet, will increasethe StaticPressure
Differential andreducethe EATrate, but this must beconfirmedcaseby-case.
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ER\Exchangeor Unit Considerations

R6. Wheelsshouldhaveanindependentcertificationlike AHRILO60of whichone of the certified
parameterds EATR EATRs variabledependingon airflows,and asexplainedabove, static
pressureconditionsat the inletsandoutlets of the exchanger.

R7.  With certified exchangershe manufacturershouldbe ableto providecorrectEATRatingsat
manydifferent operatingconditions.

R8. Energywheelsealdypicallycanbe adjustedfor correctoperation.

a. Refetoma n u f a copewmtioeand maintenance

b. If it wascommissionedat systemstart up this information shouldbe inthe
documentation

R9. ProsandConsof addingapurge:

C. Frequentlywheelscanachieve5%or lessleakagewith proper pressuredifferential
without useof apurge.

d. Addinga purgecanpushEATR clos® zero,but increaseghe energyconsumptionof
the system.

e. If a purgeis addedthe operatingcharacteristic®f the fan, the airflows,andthe

pressuredifferential will change requiredthe systemto be re-balancedor proper
airflowsand pressuredifferentials.

Increasinghe Amountof OutdoorAir
If the amountof the Outdoor Air Ventilation in existingequipmentisto beincreased, contadhe
equipmentmanufacturerto confirmif thisisviableandhowto doiit.

Many units are designedor airsideeconomizingsothat in economizemodethe outdoor air volumeis
increasedup to 100%of supplyflow volume. If the equipmenthasthis mode, the outdoor air couldbe
increasedvith modificationto the controls.

It maybe possibleto recoverenergyduringthis increasedutdoor air mode, howeverif the exchanger
wasnot designedor 100%supplyflow volume,the additionalair mostlikely needsto be bypassed
aroundthe exchanger.

RecommissioningER\systemsafter an extendedbuildingshut down

Stepl: Inspectexchanger
Wheelsonly: checkwheelsealsyerify wheelrotation and speed. If wheelmotor is
connectedto a VFD checkvariablespeeddrive for properoperation,andfor properwheel
rotation direction. Followrecommendationgrom VFDmanufacturer.

Step2: Cleanexchangerasrecommended bynanufacturer(Note: wheelsystemsare more

susceptiblgo gettingdirty duringan extendedperiod of non-rotation.)

Step3: Inspectcabinet,anddamperseals

Step4: changéfilters if necessary

Step4: Operatefansandverify pressuredifferential in the air handling/ RTU
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Terminology

—) (S )
(] e R —

Entering Supply Airflow Leaving Supply Airflow
(OA) (SA)

Exchanger

—

Leaving Exhaust Airflow Entering Exhaust Airflow
(EA) (RA)
OUTDOOR SIDE INDOOR SIDE

T-1.
T-2.
T-3.

T-4.

T-5.

T-6.

Figure8 StandardDesignatiorof Airflowsat Exchanger

Air, Recirculatedair removedfrom a spaceandreusedassupplyair [4].
Air, (Zone)Returrn air removedfrom a spaceto be recirculatedor exhausted4].

Air, (Zone)Supply air delivered (tothe zoneservedby the ERVpy mechanicabr natural
ventilationto aspaceand composedf any combinationof outdoor air, recirculatedair, or
transferair [4].

Airflow, EnteringSupply Thesupplyairstream(outdoor air) before passinghroughthe
Exchangerindicatedin Figure8 asStationl [1][7]. Alsoreferredto asoutdoor air (OA). The
part of the enclosurein whichthis airstreamentersthe exchangeis alsoreferredto as
Compartmentl.

Airflow, LeavingSupply Thesupplyairstream(outdoor air) after passinghroughthe
Exchangerlindicatedin Figure8 asStation2 [1][7]. Alsoreferredto assupplyair (SA).Thepart

of the enclosurein whichthis airstreamleavesthe exchangeis alsoreferredto asCompartment
2.

Airflow, EnteringExhaust Theexhaustairstream(indoor air) before passinghroughthe
Exchangerindicatedin Figure8 asStation3 [1][7]. Alsoreferredto asreturn air (RA).Thepart
of the enclosurein whichthis airstreamentersthe exchangeis alsoreferredto as
Compartment3.

Airflow, LeavingExhaust Theexhaustairstream(indoor air) after passinghroughthe
Exchangerlindicatedin Figure8 asStation4 [1][7]. Alsoreferredto asexhaustair (EA).Thepart
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T-8.

T-9.

T-10.

T-11.

T-12.

T-13.

of the enclosurein whichthis airstreamleavesthe exchangeis alsoreferredto asCompartment
4.

ExhaustAir TransferRatio (EATR[1][7]. Thetracer gasconcentrationdifferencebetweenthe
LeavingSupplyAirflow andthe EnteringSupplyAirflow dividedby the tracergasconcentration
differencebetweenthe EnteringExhaustirflow andthe EnteringSupplyAirflow at the 100%
rated Airflows,expressedisa percentage(Indicateghe percentageof the SupplyAirflow which
originatedasExhaustir.)

ExhaustAir Transfer(EAT: Thevolumerate of air leakingfrom the Exhaustirflow to the
LeavingSupplyAirflow.

Outdoor Air Ventilation: the processof supplyingoutdoor air to a spacefor the purposeof
controllinglevelsin the airof contaminantsproducedin the spaceby dilution.

Reentrainment: Theunintendedtransferof airfrom the Leavingexhaustir Outlet(s)and
OutdoorlInlet(s)dueto proximity of exhaustoutlet(s)andoutdoor air inlet(s),wind conditions,
etc.

StaticPressure DifferentialStaticpressureat the LeavingSupplyAirflow outlet minusthe static
pressureat the EnteringExhausiirflow inlet [1].

Ventilation: the processof supplyingair to or removingair from a spacefor the purposeof
controllingair contaminantlevels,humidity, or temperaturewithin the space[4].
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APPENDIX Estimatingotal return air recirculationin operationalHVAC
systemswith ERVs

In the following exampleshoth EATRand Reentrainment are treated asquantifiedvalues. Thisis done
to provide somecontext. However,as apracticalmatter, it will be easierto obtain an EATRating for a
specificERMhanit will beto estimateRe-entrainment.

EATR iestedandmeasuredby manufacturerdan order to establishtheir certified ratingsandthese
rating havebeenverified by hundredsof third-party testsat a variety of conditions.

Onthe other hand, reentrainmentvolume,while it canbe measuredunderspecificweatherconditions
by tracergastest, is specificto the buildinglayoutandis highlyvariableasa function of wind speedand
direction. ASHRAResearchProject(RP)1635and ASHRAE2.1 NormativeAppendixB provide
guidanceon howto calculateseparationdistancesand modify dilution factorsfor specificjob sitesor
applicationgthat couldbe applicableto variousdesignsof HVAGystemswhichincludes but are not
limited to, energyrecoveryventilator (ERVanddedicatedoutsideair system(DOAS).

ExampldOAZ&ndothersystemswith norecirculation

In systemdntendedto includeno recirculationof airbackinto the ZoneSupplyAir, the only two
sourcesf transferof exhaustair to ZoneSupply Airare ExhaustAir Transfer(EAT)and outside-of-the-
buildingexhaustair Reentrainment.

Followingare four hypotheticalexamplesof calculations.

CalculatiorProcedurexampled & 2Unitswith Wheels
Procedure:asrecommendedabove,obtain by field measurementand/or specificationdocumentsthe
information listed in SectionEvaluationfor leakage(energywheels) ER\exchangemon-site inspection,
item (D),andrequestan EATRatingundertheseoperatingconditionsfrom the manufacturer.
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energy wheel

outside air

exhaust air

-

i

Figure9 Airflow Layoutsn WheelExchangers

NOTESeealsoTablel StaticPressurdesignationst Compartmentsadjacentto Exchanger.

WHEEL GrossSupplyLeaving FieldMeasuremenbf StaticPressuregin.w.g.) StaticPressure | Mfr. Ratings
Airflow (Station2) (cfm) Differential at Conditions
SP1 SP2 SP3 SP4 (in.w.g.) EATR
Examplel 5000 -0.5 -1.25 -1.5 -2.25 +0.25 0.7%
Example2 5000 -0.75 -1.5 -1 -1.75 -0.5 3.0%
In both examplest waspossibleto estimatethe outside-of-the-buildingReentrainment ratio at the
Outdoorairinlet.
In Examplél the StaticPressureDifferential is positive:there is no drivingforce for leakageat seals
from exhaustto supply. Theremainingleakagemechanisnis carryoverwhichcanbe controlledby a
purge;for purposesof this examplethe EATRs0.7%.
TheExhaustAir Flowvolumeis calculated[8jasshownin Eq.1:
EATR [qu]
EAT[cfm] = Q)fcfm] Dioo
where Q; isthe GrossSupplyLeavindAirflow at Station2.
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1 Thepercentof LeavingSupplyAir that originatedasexhaustis directly expressedy theEATR
rating (in this case0.7%).
1 TheExhaustAir Transferrate in this exampleis 5000- 0.7/100= 35 [cfm]

In Example2 the Static PressureDifferential is negative there is adrivingforce for leakageat sealsfrom
exhaustto supply,in additionto carryover. Forpurposesof thisexamplethe EATRs 3.0%.

1 Thepercentof LeavingSupplyAir that originatedasexhaustis directly expressedy theEATR
rating (in this case3.0%).
1 TheExhaustAir Transferrate in this exampleis 5000- 3/100 =150][cfm]

If for both exampleghe Reentrainment amounthadbeenestimatedasa relativelylow 2%of the 5000
CFMGrossSupplyAirflow, or 100 CFM,in examplel the EATwaslessthan the Reentrainment, andin
example2 it wasgreater.
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CalculatiorProcedurexample8 & 4Unitswith PlateExchangers
Procedureasrecommendedabove,obtain by field measurementand/or specificatiordocumentsthe
informationlistedin SectionEvaluationfor leakage(plates) item (F), andrequestan EATRatingunder
theseoperatingconditionsfrom the manufacturer.

If possible gstimatethe site Reentrainment aswell (seegeneraltreatment of Reentrainmentin
SectionLand SystenbesignConsiderationslandprovidethis informationto the manufactureraswell.

plate exchanger

N
8

outside air exhaust air

/ | !
¥ o

&

Figure10 Airflow LayoutCrossflow PlateExchangers

PLATE GrossSupplyLeaving | FieldMeasuremenbf StaticPressuregin.w.g.) | StaticPressure | Mfr. Ratings
Airflow (Station2) Differential at Conditions
(cfm) SP1 SP2 SP3 SP4 (in.w.g.) EATR
Example3 5000 -0.5 -1.25 -1.5 -2.25 +0.25 0.0%
Examplet 5000 -0.75 -1.5 -1 -1.75 -0.5 0.9%

In Example3 the StaticPressureDifferential is positive:there is no drivingforce for leakage(thereis no
analoguefor carryoverin plate exchangers)AgainusingEqg.1:
1 Thepercentof Supplyairflow that originatedasexhaustis directly expressedy the EATRating
(in this case0.0%)and the ExhaustAir Transferrate isaccordinglyzero.

In Example4 the StaticPressureDifferential is negative thereis adrivingforce for leakageat sealsfrom
exhaustto supply,in additionto carryover. Forpurposesof thisexamplethe EATRs 0.9%.
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1 Thepercentof Supplyairflow that originatedasexhaustis directly expressedy the EATRating
(inthis case0.9%).
1 TheExhaustAir Transferrate in this exampleis 5000- 0.9/100=45 [cfm]

If for both exampleghe Re-entrainment amounthadbeenestimatedasa relativelylow 2%of the 5000
CFMGrossSupplyAirflow, or 100CFM,in both examples€EATwaslessthanthe Reentrainment.

ExampleSystemsvith Recirculatedhir

If the air handlerrecirculatesair from the spacebackto the supplyair, the amountof exhaustair
transferat the ER\exchangewill havelittle impacton the quality of the systemsupplyair. Current
ASHRAETD 62.allowsfor Recirculationamountsof 5-10%of the Outdoorair volumedependingon
exhaustclassification.Theseallowancesvhenappliedin systemswith recirculatedair canbe 10-20
timeslessthanthe downstreamHVAGystem. TheASHRAE2.1 Standardsintendedto be aminimum
recommendatiorfor all systems.Energyrecoverycomponentshaveanindustrycertificationfor
Recirculationwithin the device:the EATRating.

System B: VAV Air Handler with Exhaust Fan

With Energy Recovery

i

"
|
'

Figurel1 VAV AHWvith RecirculatiorandERV
Greenshows ER¥xchangerRedshowsrecirculation damper.
SourceASHRAHBournalMay 2014

ForSystemB (Figurell), SystemC(Figurel2)or SystenD (Figurel3),if the ER\exhaustair is from the
samespaceasthe return air to the mainair handler,refer to the equipmentsubmittalsto quantifythe
amountof air recirculated,as wellasthe supplyairflow volume.Themainair handlerrecirculatesair as
requiredto meet spaceload. Recirculatediir couldbe ashighas85%0f the supplyair.

Asan example the energywheel inSystenB (Figurell) could be operatingat the sameairflowsand

static pressuresas InExample2 discussedibovein CalculatiorProcedured€Exampled & 2 Unitswith
Wheels.
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Forpurposesf thisexample we assume:

Air Handlertotal supplyairflow 25,000CFM
RecirculationAir in AHU 20,000CFM
GrossSupplyAir from ERV 5000CFM
Asdeterminedin Example2:

ExhaustAir Transfe 150CFM
Thetotal of EATand RecirculatedAir rates 20,150CFM

of which99%is dueto the intentional systemRecirculation

If the Reentrainment amountwereto be estimatedasa relativelylow 10%of the 5000CFMGross
Supply Airflow or 500 CFM the total of EAT Re-entrainment and RecirculatedAir would b 20,650 ,0f
which closéo 97%would be the intentional Recirculation Air.

System C: VAV Air Handler with Return Fan
With Energy Recovery

oA~

Figurel2 VAV AHWvith RecirculatiorandERV
GreenshowsER\WtomponentRedshowsRecirculatiordamper.
SourceASHRAHBournalMay 2014

If as insystemD (Figurel3) the ERVhasan exhaustair path that is separatefrom the RecirculatedAir,
asshown,it is still possiblecalculatethe amountof exhaustair transferin the exchangerand add that
to the systemRecirculation as inthe examplesabove.
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System D: VAV Air Handler with Exhaust Fan
With Energy Recovery Ventilator Unit

Figurel3VAV AHWvith Recirculatiorand separateERWUnit
GreenshowsER\tomponentRedshowsRecirculatiorMixing Box
SourceASHRAHournaMay 2014
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APPENDIX Dilutionprinciplein outdoorair ventilation

Increasinghe outdoor ventilationair supplyflow rate (sometimescalledthe ventilationmakeup air
flow rate) reducesthe concentrationof anyairborne pollutant generatedin the ventilatedspace,
whetheravaporphasepollutant or suspendedine particlesandaerosols.Forthe simple,steadystate
case(constantventilationair flow rate and constantpollutant generationrate), the concentrationof a
pollutant will be inverselyproportionalto the ventilationair flow rate (reference). This isshown
graphicallyin Figurel4. Thisassumeghat the concentrationof the pollutant(s)of interestis negligible
in the Outdoorair (one obviousexceptionis carbondioxide,whichalreadyexistsin the Outdoor
atmosphereat roughly400ppm) andthat the supplyair is well mixedwith air in the ventilatedspace.
Whentheseassumptionsare not correctthe curvewill be shifted, but the basicprincipalstill applies—
increasedutdoor air ventilationair flow resultsin lower concentrationof a givenpollutant.

Generic Dilution Curve
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Figurel4 GeneralizedilutionCurve

Seealso:IndustrialVentilatiort AManualof Recommende®ractice 23 Edition[20]
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