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LUHENDITE JA TAHISTE LOETELU
gT - Sissepuhke dhukiirus (m3/s)

gP - Valjatdmbe Shukiirus (m3/s)

LL - Plaadilekande soojustagastus

LG - Vee-glikooli spiraali soojustagastus

LR - Rootori soojustagastus

etaTs - Temperatuuri efektiivsus konstantse dhuvoolu juures

eraT - Temperatuuri efektiivsus maaratud dhuvoolu juures

v — Radiaatorite pinna pinnakiirus (m/s)

qLP - Kattespiraali veevool (I/s)

qJP - Jahutusspiraali veevool (I/s)

gqLTO - Aku vedeliku voolavus (I/s)

LWP - Helivoimsuse tase masina survepoolel (dB[A])

LWI - Helivoimsuse tase masina imemiskdljel (dB[A])

PN - Ventilaatori mootori nimivdéimsus (kW)

IN - Ventilaatori mootori nimivool (3-400 V) (A)

SFPv - Uksiku masina elektri erivdimsus, puhta filtri korral (kW/m3/s)
SFP - Sisselaske-valjalaske masina elektri erivoimsus, puhas filter (kW/m3/s)

ePM - Tohusus, mis naitab kui suuri tahkete osakesi filter kinni pltab



SISSEJUHATUS

Antud teema on valinud autor seetdttu, et tdnapdeva kiiresti arenevas (hiskonnas on
tulnud kohustuslikuks kasutada ventilatsiooniseadet suurtes tehastes, keskustes,

kortermajades, arihoonetes ja teistest suurtest hoonetes.

Sellega seonduval tekitab ventilatsiooniseade lisa elektrikulusid ja hoolduskulusid, et
tagada puhas ohk hoonetes. Millest kill vdga ei radgita on see, et selleks, et
ventilatsiooniseade suudaks tagada puhast dhku, on vaja ka korraparaselt filtreid
vahetada ning on vdaga oluline, milliseid filtreid kasutatakse, et tagada inimestele
puhtam sissehingatav 0hk ning samas oleks rahaliselt taskukohane. Autor viis labi

katse, kus hindab, kas ja kui palju filter m&jutab ventilatsiooniseadme energiakulu.



1. EL DIREKTIIVID JA SEADUSED

Ehitussektor on Euroopa Liidu (edastpidi EL) energia- ja keskkonnaeesmarkide
saavutamiseks (Ulioluline. Antud sektor vastutab selle (le kui energiatdhusad on
hooned, inimeste tervis, elukvaliteet, jne. EL on liikumas 0 energia suunas, seega
peab ka ehitussektor tegema vastavaid muudatusi, et tagada vdimalikult energia
efektiivsed honed. Uks osa, et tagada energiasdastlik keskkond, on paranduste
tegemine ventilatsioonislisteemide osas ja just ventilatsioonislisteemid tagavad
Ohukvaliteeti. Kuna antud seadmetes kasutatakse ka filtreid dhu filtreerimiseks, on
vdga oluline, mis filtreid kasutatakse teatud hoonetes. Filtrid aitavad tagada paremat
Ohukvaliteeti hoonetes, vaiksemat viiruste levikut ning paremat tookvaliteeti. Selleks
et oleks kdgile Uhiselt mdista ja et oleks kdigi kodanike suhtes vordne, on EL loonud
direktiivid.

Ehitiste energiatdhususe suurendamiseks on EL loonud digusraamistiku, mis hdélmab
ehitiste energiatdhususe direktiivi 2010/31/EL ja energiatdhususe direktiivi
2012/27/EL [1].

Uheskoos edendavad direktiivid poliitikat, mis aitab saavutada 2050. aastaks seatud
energiatdohususe ja sisinikdioksiidivaba keskkonna. Samuti aitab luua stabiilset
keskkonda investeerimisotsuste tegemiseks, voimaldades tarbijatel ja ettevotetel teha

energia ja raha saastmiseks teadlikumaid valikuid.

Parast energiatohususe reeglite kehtestamist riiklikes ehitusnormides tarbivad hooned

tanapdeval vaid poole vahem, vdrreldes 1980. aastate tllpiliste hoonetega

Energiatohususe direktiivi 2010/31/EL ja energiatdhususe direktiivi 2012/27/EL
direktiivi muudeti 2018. ja 2019. aastal paketi ,Puhas energia kdigile eurooplastele®
osana. Ehitiste energiatdhususe (2018/844/EL) muutva direktiiviga voeti kasutusele
uued elemendid ja saadeti tugev poliitiline signaal ELi pihendumusele ajakohastada
hoonete sektorit tehnoloogiliste tdiustuste valguses ja suurendada hoonete

renoveerimist [2].

2020. aasta oktoobris esitles komisjon Euroopa rohelise kokkuleppe osana oma
renoveerimislaine strateegiat. See sisaldab tegevuskava konkreetsete regulatiivsete,
rahastamis- ja vOimaldavate meetmetega hoonete renoveerimise hoogustamiseks.
Selle eesmark on 2030. aastaks vahemalt kahekordistada hoonete iga-aastast
energiarenoveerimise maddra ja soodustada pohjalikku renoveerimist. Ehitiste
energiatdohususe direktiivi labivaatamine on (ks selle peamisi algatusi. Ehitiste

energiatohususe direktiivi labivaatamine on (ks selle peamisi algatusi [1].
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2021. aasta detsembris tegi komisjon ettepaneku direktiivi labivaatamiseks
(COM(2021) 802 I0plik). Sellega ajakohastatakse olemasolevat reguleerivat
raamistikku, et kajastada suuremaid ambitsioone ja pakilisemaid vajadusi kliima- ja
sotsiaalmeetmete vallas, pakkudes samal ajal ELi riikidele vajalikku paindlikkust, et

vOtta arvesse hoonefondi erinevusi Euroopas.

Samuti satestatakse selles, kuidas Euroopa saab 2050. aastaks saavutada
heitkogustevaba ja taielikult susinikdioksiidivaba hoonefondi. Kavandatavad meetmed
suurendavad renoveerimise maara, eriti iga riigi halvima toimivusega hoonete puhul.
Labivaadatud direktiiv ajakohastab hoonefondi, muutes selle vastupidavamaks ja
juurdepdasetavamaks. Samuti toetab see paremat Ohukvaliteeti, hoonete
energiasisteemide digitaliseerimist ja saastva lilkuvuse infrastruktuuri
valjaarendamist. Oluline on see, et ldbivaadatud direktiiv hdélbustab ehitussektori
investeeringute sihiparasemat rahastamist, tdiendades teisi ELi vahendeid, millega

toetatakse haavatavaid tarbijaid ja voideldakse kitteostuvdimetusega.

Tagamaks, et hooned vastavad korgendatud kliimaeesmarkidele, nagu on esitatud
2030. aasta kliimaeesmargi kavas ja kajastatud 2021. aasta juulis Euroopa rohelise
kokkuleppe paketi elluviimises, on komisjoni uue ettepaneku eesmark aidata kaasa
eesmargi saavutamisele. vahendada 2030. aastaks ehitussektoris heitkoguseid 2015.
aastaga vorreldes vahemalt -60% ja saavutada 2050. aastaks kliimaneutraalsus. See
toimib kasikdes Euroopa rohelise kokkuleppe paketi muude algatustega, eelkdige
kavandatava uue paketi Ilabivaatamisega. hoonetes kasutatavate kituste
heitkogustega kauplemise sisteemi, energiatdhususe direktiivi, taastuvenergia

direktiivi, samuti alternatiivkituste infrastruktuuri maarust.
Uue ettepaneku peamised meetmed on jargmised:

o Energiatdhususe miinimumstandardite jarkjarguline kehtestamine, et kaivitada

kdige halvemate hoonete renoveerimine

. Uus standard uutele hoonetele ja ambitsioonikam visioon, et hooned oleksid
nullheitega
o Taiustatud pikaajalised renoveerimisstrateegiad, mis nimetatakse Umber

riiklikeks hoonete renoveerimiskavadeks

o Energiasertifikaatide suurem usaldusvaarsus, kvaliteet ja digitaliseerimine;

energiatohususe klassid peavad pdhinema Uhistel kriteeriumidel

o Pohjaliku  renoveerimise maaratlus ja hoonete renoveerimispasside

kasutuselevott
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o Hoonete ja nende slsteemide kaasajastamine ning parem energiasiisteemide
integreerimine (kite, jahutus, ventilatsioon, elektrisdidukite laadimine,

taastuvenergia)

2. OHUFILTRID
2.1 Ohufiltrite tiiiibid

Ohufiltrid jaguned mitmeks erinvaks osaks. Sd&ltuvalt vajadusele ja kasutusalale

jaotatakse filtri tlitbid jargmisteks osadeks:
1. Paneelfiltrid

Paneelfiltreid kasutatakse enamasti kodu ventilatsiooni seadmetes, kus on madalamad
dhuvoolud. Uldjuhul koduventialtsiooni seadmetes. Samuti vdib neid kasutada ka

eelfiltritena suuremates seadmetes, kus vaja eelnevalt suurem tolm ara filtreerida.
2. Kottfiltrid

Kottfilter on valmistatud mitme taskuga filtrikonstruktsioonist, mida toetab
galvaniseeritud terasest voOi plastikust péis. Sobivad ideaalselt kasutamiseks
ventilatsioonisiisteemides, mis nduavad kdrget ohukvaliteeti, mida sageli vajatakse
hoonete, sealhulgas kontorite, koolide, kaubanduskeskuste, haiglate ja koédkide Shu
sissepuhumiseks. Samuti on suurema tolmukogumisvdige kui paneel filtrid ning

omavad vaiksemat algtakistust
3. Kompakt filtrid

Kompaktkassette kasutatakse peamiselt turbomasinate 0Ohuvotusisteemides,
ventilatsiooni- ja kliimaseadmetes, laborites, keemia- ja farmaatsiatehastes ning
tookohtade tolmueemalduskatetes. Nende uuenduslik minipleat-tehnoloogia koos
kuumsulavvoldfiksatsiooniga tagab filtri pinna optimaalse kasutamise ja suurima
flusilise tugevuse. Nendes filtrikassettides kasutatavad filtrimaterjalid on kvaliteetsed
margkihiga klaaskiudmaterjalid. Need pakuvad maksimaalset filtripinda, vottes samas
minimaalse ruumi, vdimaldades paigaldada tdhusaid filtreerimissiisteeme ka vaga

kitsastesse kohtadesse.
4. Rasvafiltrid

Rasvafiltrid on ette ndhtud rasvaosakeste eemaldamiseks valjatdmbekatetest kdogi
ohuvoolus. Valjalaskesiisteemid, mille Oohufiltrid on purunenud, puuduvad voi

alamoddulised, koguvad kogu kanalislisteemi ulatuses kergestisiittivaid rasvajaake.

5. HEPA/ULPA filtrid
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HEPA/ULPA filtreid paigaldatakse ruumidesse, kus on ndutud maksimaalne dhupuhtus.
Need filtrid on vajalikud Ohusissepuhke poolele, et peatada nt viiruste, pisikute,
toksilise tolmu, aerosoolide vmt sissevoolu.Filtrid vastavad ventilatsioonistandardile
DIN 1946 ja neid kasutatakse nditeks operatsioonisaalides, intensiivravi palatites,
laboratooriumides ning muudes ruumides, kus on oluline pisikute- ja tolmuvaba ohk.
Samuti saab paigaldada ka ohu valjatdmbe poolele, kui patogeene, toksilisi vOoi
radioaktiivseid osakesi peab eraldama valjatdmbedhust. Nendes filtriteskasutatakse
vaid koOrgkvaliteetset ja efektiivset klaaskiudpaberit, mida on saadaval erinevates

eraldusvOime astmetes H10-U17.
6. Padrunfiltrid

Toostuslikke kassettfiltreid kasutatakse laialdaselt sellistes tédstusharudes nagu
farmaatsiatooted, kemikaalid, tindid ja varvid, toiduained ja joogid, autotdodstus,
tsemenditdodstus, nafta ja gaas, rafineerimistehased, naftakeemiatédstus ja palju
muud. Nende kassettide puhastamine on oluline, et tagada nende jarjepidev

filtreerimine pikk eluiga.
7. Varvikambrite filtrid

Valjalaskefiltrid asuvad kabiini valjalaskeotsas valjatdombeventilaatori lahedal, plldes
kinni varvipihustusosakesed. Filtrid kaitsevad toéo6tajaid nii kabiini sees ja valjaspool,
kui ka kohalikku keskkonda téokoha Umber varvipihustusega kokkupuute eest.
Sisselaskefiltrid on (ks levinumaid pihustuskabiinide tllpe, mida kasutatakse nii
allavoolu- kui ka risttdmbekabiinides. POhjus on selles, et varvikabiini sisselaskefiltrid

kurnavad kabiini voolavat 6hku, eemaldades nii palju saastet kui voimalik.

2.2 Filtrite puhastusklassid

Alates 2017 aastast voOeti kasutusele uus filtrite puhastusklasside normatiiv -
IS016890. Sellele eelnenud EN779 standard oli vaga laialdane ning puudusid
konkreetsed piirid, mille tottu kasutati vaga palju erineva kvaliteediga filtreid. Samuti
vOeti arvesse ainult 0,4 pm suuruseid osakesi. Varasemalt kasutatud filtrite
puhastusklassid olid G3, G4, M5, F7, F8, F9. Uus standard aga muutus tapsemaks ja

konkreetsemaks, vottes arvesse 10-0,3 um suuruseid osakesi (Tabel 2.1).
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Filtri Osakeste Klassifikatsiooni

| _grupp suurus (pm) kriteerium

ISO 0.3 < x| Minimaalne efektiivsus >
ePM1 <1 50 %

1SO 0.3 < x| Minimaalne efektiivsus =
ePM2,5 <25 50 %

ISO 0.3 < x| Keskmine efektiivsus =
ePM10 <10 50 %

ISO 0.3 =< x| Keskmine efektiivsus <
Coarse <10 50 %

*ePM- efficiency Particulate Matter

Tabel 2.1 Filtrite gruppid koos osakeste suurustega
1. Coarse

Selle puhastusklassi alla Idhevad filtrid, mis pllvad Ohust kinni alla 50% ulatuses 10
pm suuruseid osakesi. Enamasti kasutatakse neid eelfitritena, et pitda kinni esimese

suurema tolmu.
2. ePM10

Tegemist on Uldjuhul véaljatdmbe filtriti puhastusklassiga. See tdhendab seda, et dhust
pultakse keskmiselt kinni vahemalt 50% ulatuses 10 uym suuruseid osakesi. Samuti
voidakse kasutada sellise puhastusklassiga filtreid ka to0stuses, kus on suurem kogus

tolmu.
3. ePM2,5

Uldjuhul kasutatakse sellise puhastusklassiga kottfiltreid sissepuhke seadmetel. Sellise
puhastusklassiga filtrid on Eestis kdige enam kasutatavad ning sellise
puhastusklassiga filtrid plldavad ohust kinni 2,5 pm suuruseid osakesi vahemalt 50%

ulatuses
4, ePM1

Tegemist on sissepuhkes kasutavate filtri puhastusklassiga, Antud puhastusklassiga

filter pltab kinni 1 uym suuruseidosakesi vahemalt 50% ulatuses.

Joonisel 2.1 on ndha, kuhu satuvad erinevate suurustega osakesed.
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ISO 16890 filtrite klassifikatsioonid on jaotatud
piirkondade alusel, kuhu inimkopsus
peenosakesed ladestuvad.

Osakese aerodiinaamiline diamaater (um) ja ala inimkopsus,
kuhu osake koige toenaolisemalt ladestub

o -
5-10 um Nina ja neel
O
3-Sum Hingetoru
2-3 um Bronhid
1-2 pm Bronhioolid > .
01%*1um Alveoolid

*1SO 16890 ei kirjelda filtrite efektiivsust vaiksemate kui 0,3 um osakeste puhul

PM, - mida vaiksem, seda ohtlikum

Joonis 2.1 Tolmuosakeste suurus ja inimese keha

3. KATSE
3.1 Filtri testaruanne

Selleks, et filtri tootja suudaks pakkuda kvaliteetseid ning vastavalt ISO nduetele
filtreid, on olemas erinevaid sodltumata test laboreid, nagu naiteks RISE
uurimisintsituut Rootsis ja Eurofins Soomes.Seadme kilp, kus mddtmised tehti asub
joonisel 3.1. Filtri tootjad testivad standard md&dtudega filtreid. Milleks on jargmised
(mdddud antud mm): 592x592 ; 287x592 ; 592x287 ; 592x490 ; 490x592

Antud moddud on antud filtri laius ja kdrgus. Lisaks tuleb juurde kottfiltritel filterkoti
siigavus ning filterkottide arvud. Standard siigavused on 600mm, 500mm ja 360 mm.
Filter Plus OU poolt toodetud filtrid on testitud RISE Rootsi uurimisinstituutis. Testi
tulemused on voimalik ndha “LISA1”. RISE oma rahvusvaheliste koostédprogrammide
toostuse, akadeemiliste ringkondade ja avaliku sektoriga tagab Rootsi driringkondade
konkurentsivéime rahvusvahelisel tasandil ning panustab jatkusuutlikku Ghiskonda.
Ettevotte 3000 todtajat osalevad ja toetavad igat tiilipi innovatsiooniprotsesse. RISE
on sOltumatu riigi omanduses olev uurimisinstituut, mis pakub ainulaadseid teadmisi
ning enam kui 100 katsebaasi ja esitluskeskkonda tulevikukindlate tehnoloogiate,

toodete ja teenuste jaoks[3].
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Uuritavas seadmes on kasutusel kahes mooddus filtrid: 592x592x600/6, mida on neli
takki ning 592x287x600/6, mida on samuti neli tikki . Antud juhtumil oli kasutusel nii

sissepuhkel kui ka valjatdombel sama puhastusklassiga filter ePM10 55%.

Joonis 3.1 Seadme kilp koos mddteriistaga

3.2 Seadme tutvustus

Seade, mille peal katsed Ilabiviidi oli Recair A3B-LR (Joonis 3.2). Recair
ventilatsiooniseadmeid toodetakse Soomes alates 1993a. Recairi dhukaitlusseadmete
tootegruppi kuuluvad moodul- ja kompaktseadmed. Moodulseadmetega on voéimalik
valida erineva laiuse ja kdrgusega ventilatsiooniseadmeid ning vastavalt vajadusele
sektsioone lisada. Kompaktsete seadmete valikus on horisontaalsed ja vertikaalsed
ohukaitlusseadmed. Koiki kompaktseid seadmeid saab varustada erinevate elektri- ja

automaatikakomponentidega.

Remondi ohukaitlusseadmeid saab kasutada erinevates rajatistes, nagu lasteaiad,
koolid, kontorid, kauplused ja kaubanduskeskused, hotellid, hooldekodud, kortermajad

ja arihooned.
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Joonis 3.2 Uuritav seade RECAIR A3B-LR

3.3 Seadme juhtimine

Juhib seadet Oumani kontroller (Joonis 3.3)

Y

Joonis 3.3 Oumani controller

Ouflex A on DIN-liistule kinnitatav ja vabalt programmeeritav seade, mis on loodud
jalgimiseks, juhtimiseks ja reguleerimiseks. Kontroller on (hendatud vastavalt

elektriskeemile joonisel 3.4. Seade on programmeeritud Ouflex BA Tool utiliidiga ja
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koostatud programm laaditakse Ethernet Ghenduse kaudu Ouflex seadmesse. Modbus
RTU (henduste kaudu on vodimalik suurendada I/O-punktide arvu valiste I/0-
moodulitega. Saate liikuda Uhelt funktsioonilt teisele, keerates oma OuflexA seadme
juhtnuppu. Vajutades juhtnuppu (= OK), saate sisestada mis tahes funktsiooni, et
seda Uksikasjalikult uurida. Nii ndete seotud mootmisi, olekuteavet, seadistusi,

ajaprogramme.

Ouflex A-lI on SMS-tugi. GSM telefoni kasutamine nduab, et GSM-modem (valikuline)
oleks Uhendatud kontrollerile. Kontrolleriga saab suhelda teksti teel sbnum votmesdnu

kasutades.

Ouflex A-s on sisseehitatud veebi kasutajaliides. Uhendus veebiliidese saab teha LAN-i
voi Interneti kaudu. Koos kaugjuhtimispuldi abil saate seadet kasutada séltumata koht

ja aegq.

Veebi kasutajaliidese omadused:

o Lihtsalt kasutatav joonistustddriist
o SMS-i haire marsruutiminetrendid
o Logifailid
o Trendid
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Joonis 3.4 Ventilatsiooni seadme elektriskeem
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Kuigi Oumani kontroller suudab tuvastada ka trende, siis antud seadme puhul ei olnud
see voimalik, kuna polnud varasemalt vastavalt programmeeritud. Joonisel 3.5 on
naha, kuidas kilm o6hk liigub labi filtrite, mille jarel soojendatakse see lles, ning
saadetakse ringlusesse, mille jarel liigub uuesti valjatdmbe filtrist saadetakse labi ning

edastatakse vilja.

Lookivi Kértsi 9 - SV3 Recair 5D/5D

IV-kone PDE7S PDE31 TE30

PDEZ0 22.0°C

FG39 PF3I0 -
7 Pe 210 °C
= o]

Koneen chjzustapa

[romme]

= G
- LTO Hydlysuhde

[tr90 ]

Koneen kayntitila

Teas -
s

_ TEOS PDELD
o [ ] CQ®
Laskennallinen L0 sulatusrafa - A ®
LTO sulatus
MITTAUS
Asetusarvot Lampétilasaits: Tuloilma l:l
oravs [
@ -
Tulopuhallin, ilmamadara
- Poistopuhallin, imamasrs SAATO -
Laskennallinen ASETUSARVD [ |

Joonis 3.5 Seadme td6oskeem

3.4 Filtrite seisund

Joonistel 3.6 ja 3.7 on naidatud, millised nagid valja maardunud filtrid, mida ei tohiks
eneam seadmes hoida. Sellise mustusega filter koormab seadet ning ei ole dhu

puhastamisel efektiivne.

\v\\m
ALY \w
\\\\\\\\
~ VW
t':’& VR

(ULT
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“W1111ARARAN. ¢
i \\\\\\\\\\\

Joonis 3.6 Kottfilter 592x592x600
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Joonis 3.7 Kottfilter 287x592x600

3.5 Parameetrid enne filtrite vahetust
Enamus info oli kattesaadav eelnevalt programmeeritud Oumani kontrollerist. Nagu

pildil (Joonis 3.8) naha voib, on valja toodud filtrite takistusest.

SP- tdhendab sissepuhke osa , ehk siis see 0hk , mida seade Ouest sisse puhub.
Uldjuhul need maarduvad kiiremini, kuid kuna antud objektiks oli metallindusega

tegelev tehas, siis selle kohta see hetkel ei kehti.

VT - filter tdhendab valjatdmbe filtrit. Ehk siis seda osa mis sisekeskkonnast Gue

puhub.

Nagu eelnevalt mainitud, siis antud tehases on vaga palju tolmu, mis téttu on vaga

oluline ohk eelnevalt ara filtreerida.

e ;
) Méatrmised
=P filtar

UT filter

Shukadu UT poalel

=0 I‘Q-Ex‘.’-‘ﬂ’e-],‘_n'

Joonis 3.8 Filtrite takistus ning kasutegur enne filtrite vahetust
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Joonis 3.9 Ventilaatorite rohukadu ja 6huhulk enne filtrite vahetust

Mootmisel kasutati Clamp Multimeter UNI-T UT201, mille abil tuvastati kui palju voolu

tarbib iga faas. Iga faasi voolu tarbimine leiab Table 2.

Enne filtrite vahetust

Faas SP VT
1-faas (A) 1,50 1,33
2-faas (A) 1,57 1,39
3-faas (A) 1,50 1,39
Tabel 3.1 Mdddetud vooluhulk enne filtrite vahetust
Ventilaatori rohukadu | Ohuhulk Takistus
(Pa) (1/s) (Pa)
Sissepuhe 671 1353 67
Viljatomme 532 1204 265
SV rohukadu VT poolel (Pa) 202
SV kasutegu 69%

Tabel 3.2 Andmete koondtabel enne filtrite vahetust

3.6 Parameetrid parast filtrite vahetust

Kontroller naitab kui palju ja mis andmed muutusid pérast filtrite vahetust (Joonised

3.10 ja 3.11).
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Joonis 3.10 Filtrite takistus ning kasutegur parast filtrite vahetust

Joonis 3.11 Ventilaatorite rohukadu ja ohuhulk parast filtrite vahetust

Parast filtrite vahetust

Faas SP VT
1-faas (A) 1,38 0,94
2-faas (A) 1,46 1,03
3-faas (A) 1,44 1,01

Tabel 3.3 Voolu tarbimine parast filtrite vahetust

Kui filtrid on vahetatud, siis ndeme (Tabel 3.3 ja 3.4), et paranenud on takistus ja
kasutegur, samal ajal on jddnud suhteliseks samaks dhuhulk. See tdhendab seda, et
puhtad filtrid koormavad vdhem seadet, andes sama tulemuse, tanu millele on
vaiksem energiakulu. Kuna niidd on mdlemad tulemused katte saadud, saame

arvutada energiakulu.
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Ventilaatori Ohuhulk | Takistus

rohukadu (Pa) (1/s) (Pa)
Sissepuhe 664 1346 39
Valjatomme 522 1193 16
SV rohukadu VT poolel (Pa) 194
SV kasutegu 82%

Tabel 3.4 Andmete koondtabel parast filtrite vahetust

3.7 Energiakulu arvutamine

Ventilaatori  energiatarbimist Ohukaitlusseadmes saab hinnata funktsioonina
ventilaatori poolt tarnitava vooluhulga, ventilaatori efektiivsuse, td6aja ja kogurdhu
(staatiline pluss diinaamiline rohk) erinevusest parast ventilaator ja valisdhu staatiline
rohk (eeldusel, et ventilaator imeb Ohku staatilisest reservuaarist). Tavaliselt on
ventilaatori vooluhulk ja ventilaatori Uletatav rohuerinevus omavahel seotud
ventilaatori iseloomuliku kdveraga. Ventilaatori efektiivsus sdltub ventilaatori kiirusest.
Ventilaatori tegelik kasutegur soltub tugevalt ka konstruktsioonist ja ventilaatori
paigutusest ning vdib olla parimal juhul 0,80 voi isegi kdrgem, halvimal juhul aga 0,25
vOi isegi madalam. Ohufiltrite energiatohususe klassifikatsioonisliisteemi
maaratlemiseks votame arvesse ainult seda osa kogu energiatarbimisest, mis on

seotud filtrite rohulangusega. Seda saab arvutada vorrandi abil:

qy 'ﬂ_p'f
1 -1000

Kus siis: qV = 0.944 m3/s, t = 6000h ja n = 0.5. Loeme vooluhulgaks fikseerituks
0,944 m/s (3400 m3/h). See vastab toelises ventilatsiooniseadmes muutuva kiirusega
ajamiga ventilaatorile, mis todétab fikseeritud mahuvooluga. Lisaks on ventilaatori
kasuteguriks fikseeritud 0,50, mida voib pidada ventilaatori tilpiliseks keskmiseks

efektiivsuseks dhukaitlusseadmes. [7]

3.8 Voolutarbimise vordlus ning hinna arvutamine

Allpool tabelis (Tabel 3.5) on ndaha, mitme protsendi ulatuses voolutarbimine paranes.
Sissepuhke (SP) filtrite puhul on paranemine vdiksem, kuna antud periool sisse tulev
ohk oli Ghtlase tolmuga. See tdhendab seda, et polnud taimede tolmlemist ning samuti

ei tehtud laheduses valitdid, mis voiksid tekitada lisa tolmu.
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Valjatdombe filtrite (VT) puhul aga ndaeme kus tOus on olnud ligidale 30%, mis
tdhendab , et antud metallindus ettevotetes on soovituslik vahetada filtreid

tihedamini, kuna tehases sees tekib palju tolmu.

Voolu tarbimise paranemine

SP|vT
1-faas (A) 8% |  29%
2-faas (A) 7% | 26%
3-faas (A) 4% | 27%

Tabel 3.5 Voolu tarbimise paranemine

Siinkohal saame valja arvutada kui palju antud filtrid mdjutavad voolutarbimist
kasutades eelmises peatikkis valja toodud valemit, mis on siis Eurovendi poolt valja
antud. Kuna lahteandmed olid varasemalt Oumani kontrolleri poolt kajastatud., siis
saame arvutada tapselt kui palju nii sissepuhe kui ka valjatdmme tarbivad voolu. Kuna
seade todtab 24h, siis saame lihtsasti arvutada, kui palju antud seade tarbib voolu
O6paevas. Antud tabelis (tabel 3.6) on néha, et seade tarbib 66pdevas kokku 14,21
kWh, kus oleme liithud kokku siis nii sissepuhke kui valjatdmbe energia kulu
maadrdunud filtrite korral. Samuti on ndhtav, et puhaste filtrite korral on energia kulu
ainult 2,1 kWh.

Energia kulu arvutamine - mustad filtrid

Sissepuhe Viljatdmme
W = Energia kulu (kWh) 3,15 11,06
¢ q = Ohuhulk (m3/s) 1,35 1,2
p = Ohutakistus: 67 265
t = Seadme t66 (h) 24 24
n = Ventilaatori efetiivsus: 69%

Energia kulu arvutamine - puhtad filtrid

Sissepuhe Viljatdmme
W = Energia kulu (kWh) 1,54 0,56
q = Ohuhulk (m3/s) 1,35 1,2
p = Ohutakistus: 39 16
t = Seadme t66 (h) 24 24
n = Ventilaatori efetiivsus: 82%

Tabel 3.6 Energiakulu arvutamine
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Tanu antud tabelile saame |lihtsasti valja arvutada, mis tuleb antud

ventilatsiooniseadme energia 66paeva maksumuseks.
Maardunud filtrite tarbivus: 14,21 kWh/paevas
Puhaste filtrite tarbivus: 2,10 kWh/péaevas

Vottes naidiseks Eesti energia kodulehelt keskmise bérsi hinna, saame, et keskmine
voolutarbivus 11 kuu jooksul on olnud 22,78 senti/kWh [5].

kWh hind 0,2278 € (naditel
Mustad Puhtad
Oopaevas 3,24 € 0,48 €
Aastas 1181,27 € 174,85 €
Aastane rahaline voit 1 006,41 €

Tabel 3.7 Aastane rahaline voit

Siinkohal naeme (Tabel 3.7), kui oluline on filtreid vahetada. Antud seadme puhul
tuleb valja, et kui filtreid vahetada korrapaeraselt, on rahaline voit 1006,41€. Tuleb ka
arvesse votta, et filtrid ajajooksul maarduvad ning see pdhjustab suuremat takistust
aja jooksul. Millega rahaline voit voib muutuda. Samuti peab arvestama ka sellega, et
maardunud filtrid vahetatakse erinevatel aegadel, mis vdib muuta samuti energia

kulu.
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KOKKUVOTE

Tanapaeval kiiresti arenevas Uhiskonnas on vaga oluline, et inimestele oleks tagatud
ka puhas oOhk. Sellega seoses on EL loonud ehitussektoris hoonete energiasdastu
direktiivid, mille eesmargiks on saavutada 0 energia. Kuna antud direktiivid ja
seadused nduavad uutes elamu ja drihoonetest ventilatsiooniseadmeid, on vaja ka

kontsatselt jalgida, milliseid filtreid kasutada seadmetes.

Tihtipeale inimesed ostavad tavaliselt kdige odavamaid filtreid, arvates, et selle

olulisus on vaike.

Tegelikkuses on vaga oluline jalgida milliseid puhastusklassidega, mis takistusega ja
tolmukogumisvdimega  filtrid on, kuna see on konkreetselt  seotud

ventilatsiooniseadme energiatarbivusega.

Mida vaiksem on filtri dhutakistus, seda madalam on energiakulu, kuid tuleb jalgida
puhastusklassi. Soltuvalt ventilatsiooni seadme kasutuskohast tuleks valida sobiv filtri
puhastusklass. Mida suurem on puhastusklass, seda suurem on ka takistus. Seega
tuleks leida optimaalne keskmine, mis tagaks ventilatsiooni seadmel hea 0&hu

lilkuvuse.

Kuigi vOib tekkida tunne, et filtri Ghekordne hind tundub kallim konkurendiga
vorreldes, voib filter olla energiasaastlikum ja efektiivsem, tanu millele teenitakse

raha tagasi energia arvelt.

Antud uurimise kadigus tuvastas autor, et kui vahetada korraparaselt uuritava seadme

filtreid, tuleb aastane energiasdast 1006,41€.
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SUMMARY

The author Jorgen Helbre has chosen the topic ,Energy consumption of the ventilation
unit depending on the filter" because in today's rapidly developing society it has
become mandatory to use ventilation equipment in large factories, centers, apartment
buildings, commercial buildings and other large buildings. In this regard, the EU has
created energy saving directives for buildings in the construction sector, the goal of
which is to achieve 0 energy. Since these directives and laws require ventilation
devices in new residential and commercial buildings, it is also necessary to carefully

monitor which filters to use in the devices.

Related to this, the ventilation unit generates additional electricity costs and
maintenance costs to ensure clean air in the buildings. What is not talked about much,
is that in order for the ventilation device to be able to ensure clean air, it is also
necessary to change the filters regularly, and it is very important which filters are
used to ensure cleaner inhaled air for people and at the same time be financially
affordable. The author conducted an experiment in which he evaluates whether and

how much the filter affects the energy consumption of the ventilation device.

After the experiment, author came to a conclusion that it is very important to observe
which filters have cleaning classes, resistance and dust collection capacity, as this is

specifically related to the energy consumption of the ventilation device.

The lower the air resistance of the filter, the lower the energy consumption, but the
cleaning class must be observed. Depending on the place of use of the ventilation
device, a suitable filter cleaning class should be selected. The higher the cleaning
class, the higher is pressure drop. Therefore, an optimal average should be found,

which would ensure good air mobility in the ventilation device.

Although one may feel that the one-time price of the filter seems more expensive
compared to the competitor, the filter can be more energy-saving and efficient, thanks

to which money is earned back at the energy expenses.

Filters should be changed regularly to avoid overloading the device and excessive

energy consumption.
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LISA 1.TEST RAPORT

RI. REPORT

Issucd by an Acoredibod Testing Laboratory

E Confiset porson RISE D Riorene: Nage
Ingmar Schifiler 2021-10-24  2POT495C 1(3)
Diwision Built Environmesti
+45 10 516 59 15
ingmar schuessleriin se Filter Plus OU
Hirgmae 21
EE-76902 Tallirn
Estland

Testing of Air Filter according to 15016890:2016
{7 appendices)

A test according to ISO 16890:2016 was carried out by request from Filter Plus Q1.
Tested item

Filter Pluz OU, IS0 &PM10 50% 592x392x600/6, 2 592 mm x 592 mm x 580 mm. & pocket air
filter. Article number: 10505925926006.

Pictures can be found in appendix 5.

The item was sent to RISE by Filter Plus and was recerved on September 14, 2021,
The item was without visible defects.

Test method

The test was camed out according te standard ISO 16890:2016 “Aw flters for general
ventilation”. The standard consists of four parts:

- IS0 103901 Techmical specifications, requirements and classification svsiem based upon
particulate matter gfficiency (ePM)

- IS0 103900-2: Meazurement of fractional efficiency and air flow resistance

Measurements were performed with dual particle counters aceording to section 9.3 4 - Testing
sequence for dual OPC testng.

- IS0 10300-3: Determination of the gravimetric gfficiency and the airflow resiztance versus
the mass af test dust captured

- IS0 10300-4: Conditioning method to determine the minimum fractional test gfficiency
Eight cabmets with a total surface area of 1.82 m® were placed in the chamber according to
IS0 16890-4 section 7. The purity of the 2-propanocl was 995 %. The test item was
conditioned for 24 5 +/- 0.5 hours.

Efficiency at 50% nominal aw flow was measured with DEHS in the range 0.3 — 1 pm_

RISE Research Institutes of Sweden AB LSHEDY

Poatal ackdreuy s kocabion Phone /Txe /T mail This roport may not be roprodeccd otfecr than infull, cxocpt = _3

Boaw 257 Indusivigatan 4 +45 10-516 5000 wath the prior witton appeoval of the Eseng laboratory. 1“ P
50 15 HORAS S04 62 Bords +463312197%9 TogTE

SWEDEN SWEDEN info@risc PR rp—
lexirg

IR 1702s
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(723)

Roicrenes

REPORT iy P
2021-10-24  2POT4595C 203

Deviation from the standard:

Section 9.2.2 and 9.2 8, the evaporated amownt of 2-propanol was not determmed.
The deviation 13 constdered to not affect the classification.

Addihonal to the test:

An energy caleulzfion was performed according to Eurovent 4721-2019 “Energy efficiency
evaluation of amr filters for general ventilation purposes™, Fourth editton™.

Date and Place

The test was camied out at RISE s laboratory of Ventilation and Air Treatment in Bords,
Sweden on September 23, 2020 — October 11, 2021,

Tests according to IS0 16820-2 were camed out on September 23, 2021

Tests according to IS0 16820-3 were camed out on October 11, 2021.

Tests according to ISO 16820-4 were camed out on October 08, 2021, condiioning procedure
according to IS0 168904 was camed out on September 30 — October 01, 2021,

Results

The results are presented 1n appendix 1-4 and are vahd onby for the em tested.

In appendix 1 a summary of the results are reported according IS0 16890-1. It also inchudes
the fractional efficiencies and the calenlation of Ph-efficiencies.

In appendix 2 fractional efficiency and aw flow resistance are reported according to ISC
168&0-2.

In appendix 3 determunation of the gravimete efficiency (arrestance) and the ar flow
resistance versus the mass of test dust capture (test dust capacitv) are reported according to
IS0 16890-3.

In appendix 4 the minmmum fractional efficiency 15 reported according to 150 168904,
The measured particle concentrations are reported in appendix 2 and appendix 4. Table A&
(upstream count data), AT (downstream count data) and A9 Uncertainty in I50 16820-2
Annex A are reported.

In appendix 7 the energy calculation according to Eurovent 421 -2019 1z reported.

RISE Research Institutes of Sweden AB
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Measurement equipment

Pressure gauge Furness model 318, FISE's inventory no. 901 568
Pressure gauge Furness model 318, RISE's inventory no. 901 569
Pressure gauge Fumess FCO12, RISE's inventory no. 201 691
Pressure gauge Furness FCO12, RISE's inventory no. BX 70943
Particle counter TSI, OFS 3330, FISE's mventory no. 902244
Pariicle counter TSI, OPS 3330, BISE's mventory no. 902241
Barometer, Testo 511, RISE's invenfory no. 900 078
Temperature and RH, Testo 635, RISE™s inventory no. 200 065
Weighing scale, Mettler PBE. 783, BISE's inventory no. BX81958
Flow meter, MFS-C-250, RISE's mventory no. 202 742
Temperature and RH, Tmytag, DIV 94 5

Barometer, Dmck PACE 1001, RISE's mmventory no. 202243

Uncertainty of measurement

The uncertainty of the Anr flow 15 better than = 5 %

10)

The uncertainty of the Pressure Dhrop 15 better than =3 % (20-2000 Pa) and 1 Pa (0-1% Pa)

The uncertamty of the Temperature 15 better than = 0.8 °C

The uncertamty of the Felative Humudity 15 better than = 2 % BEH
The uncertamty of the Atmospheric Pressure 1= better than = 1 mbar
The uncertainty of the Meazured mass 1z better than = 0.5 ¢

The uncertainty has been calculated according to EA-4/16 wath a coverage factor k=2.

The uncertamty of the filtrahon efficiency according to IS0 16890:2016 1= presented 1n

appendices 2 and 4.

EISE Eesearch Institutes of Sweden AB
Department Energy and Eesources - Ventilation and Air Treatment

Perfoemscd lry Examinsd b

g S B %/ﬂ;;{fy/% i

Ingmar Schiifler Chnstian Mossberg

Appendices

. Summary test report according to IS0 16590-1:2016
. Test report according to IS0 16890-2:2016

. Test report according to IS0 16890-3:2016

. Test report according to IS0 16890-4:2016

. Additional pretures of the test fem.

. The mnterpretation of test reports

. Energy caleulation according to Ewrovent 4/21-2019

ol P TR e T B
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ISO 16890-1:2016 - Air Filter Test Results

Testing Organiz ation:

BISE Fesearch Institates of Sweden AB
Brinellzatan 4, 501 15 Bors, Swedmn
+460105165000

Air flow rate {m*/s)

GENERAL
Report no.. 2P074495C |Date of tasts: 2021-409-23 2021-10-11 |I:Ia1:e of report: 2021-10-24
Supervizor: 1S Device obtzined (when and how obtzinad):
Test(s) requested by Filter Phus OU The device was sent and obtamed on 2021-09-14
DEVICE TESTED
Model: Dlamnfacnmer: Constmuction:
ISO ePMI10 50% 592x592x600/6 Filter Plus QU Pocket filter. 6 Pockets
Article mmber: Type of medium: et effective filtering area: Filter dimensions (width x height x depth)
10505925926006 Synthatic 42 m’ 592 %592 x 580 mm
TEST DATA AND ATTACHFD TEST RFFORTS
Test sir flow rate: Tast zarozol: Test report to IS0 16890-2 Report no. 2POTHESC Appendr 2
0.944 m*/s ECI(1-10 pm) Test report to IS0 16890-3 Faport no. JP074495C Appendre 3
DEHS (0.3-1 pm) Test report to 150 16890-4 Feport no. 2POTHE5C Appendx 4
RESULTS
Initial pressure differential: Initial grav. arTestance: ePM, ;. ePM; 5 nan ePM ;oo 150 rating
359 Pa 90 % 5% 12 % 55 %
Final test pressure differensial: Test dust capacity: ePM, ePM; 5 ePM IS0 ePAL , 55 %%
300 Pa 1153 g 5% 12 % 55 %
Remark::
100
[ —r
w0 ).;;/"' —+—Initia] fractional
F a0 7 efficiency Bi
T o (IS0 16890-2)
g ¥
g 60 7
E 0 "4 —=— Conditioned fractional
E 40 g efficiancy ED
£ 3 fg (150 16800-4)
£ e
i
10 — Average fracdonal
. -
0 — e L efficiancy EA. i
0.1 1.0 10.0 (50 15800-1)
Particle size (nm)
Test dust capture (g)
= 0 200 400 600 800 1000 1200 1400 —#—DPressurs diferantial
B 400 1 L 1 1 1 1 100 as 3 function of the
- . air fow rate (clean
E 360 80 filter) (TS0 16890-2)
F 10 - o
™ amp ~ o =
3 o - sy §  —=Pressurs differemial
= :J e i E & 3 fimction of the
E 200 _F__F,_-r-"" 50 % test dust caphured
g 160 0 E (150 16890-3)
2 120 — 30 =
E 0 — 0
- I - Grav. armestance asa
ﬁ w —— E—— = 10 function of the test
B gy —m————— .u_ —t — ——t — o dust caphored
0.0 0.z 04 0.6 [IE:3 1o 1.2 1.4 (150 16890-3)

NOTE: The results of this test relate only to the test device in the condition stated herein. The performance results cannot by themselves be quanfitatively
applied to predict filoration performance in all "real life" environments.
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Appendix 1

ISO 16890-1:2016 - Fractional efficiency values

Testing orgamisation: RISE Research Institutes of Sweden AB Report no: 2P074405C

Medel: ISO ePM10 50% 392x592x600/6 Mamufacturer:  Filter Plus OU

Test air flow rate: 0.944 m':.-'a Date of report:  2021-10-24
. d; d ) dg i Alnd; E; Ep i Ey4i
! m pm m m % %o %%
1 0.30 0.40 0.35 0.29 3.6 38 3.7
2 0.40 0.55 0.47 0.32 4.0 34 3.7
3 0.55 0.70 0.62 0.24 5.7 53 5.5
4 0.70 1.00 0.84 0.36 8.1 8.5 8.3
3 1.00 1.30 1.14 0.26 147 14.0 14.3
6 1.30 1.60 144 0.21 192 209 20.0
7 1.60 2.20 1.88 0.32 27.1 28.0 27.6
8 2.20 3.00 2.57 0.31 419 43.3 42.6
9 3.00 4.00 346 0.29 62.6 65.0 63.8
10 4.00 5.50 4.69 0.32 825 84.9 83.7
11 5.50 7.00 6.20 0.24 1.6 044 93.0
12 7.00 10.00 8.37 0.36 933 95.8 95.5

Lower limit particle diameter in a size range 1, pm

Upper limit particle diameter in a size range 1, pm

Geometric mean diamter of a size range i, pm

Alnd | : Logarithmic width of a particle diameter size in range 1; In1s the natural logaritm to the base of e,

BB R
P

B

where e is an irrational and transcendetal constant approximately equal te 2.718281828, dimensionless
Alnd; =In fd . /d,)
E;: Initial fractional efficiency of partcile size range i of the unireated and imloaded filter element. %
Ep,: Fractional efficiency of particle size range i of the filter element after an artifical conditioning step, %
E,,: Awerage fractional efficeincy (E, + E, ,)/2 of particle size range i. %:
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ISO 16890-1:2016 - Calculation of PM-efficiencies

Testing organisation:  FISE Research Institutes of Sweden AB Feport no.: JP074495C
Modal: 150 ePML0 50%% 392550 2x600/6 Manufacturer:  Filter Phus OU
Test air flow rate: 0.944 m¥s Diate of report:  2021-10-24
urban -E.u P 'EA [
i das dind, distrbusion | 9 ’l';;-" uldey) -ab| qufday- | FVm eFM,
s um g (A ) d, Aln d, % %
1 (.33 (.29 0226 0.065 0.244 0.24
2 0.47 (.32 0.199 (0.063 (0.218 0.24
3 .62 0.24 0.158 0.038 0.203 021
4 (.84 .36 0.115 (.041 (0.349 0.34 ePM) min ePAL
% line 1-4 0.208 1.015 1.026 5 3
3 1.14 0.26 0.085 0.022 0.313 0.320
6 144 0.21 0.076 0.016 0.330 0.317
7 1.88 (.32 0.080 0.026 0.716 0.705
8 2.57 0.31 0.100 (0.031 1.341 1319 ePM: 5 min ePM, -
T line 1-8 0.302 3.714 3.687 12 12
; dy Alnd, diat[jﬂizjti&u g () g,,:E:d.:, - ePM,
um pm G () Alnd, Alnd, %
1 (.35 0.29 0.094 0.027 0.102 0.059
2 0.47 (.32 0.084 0.027 (0.092 0,059
3 (.62 0.24 0.074 0.018 (0.095 0,059
4 (.84 (.36 0.070 0.025 0.212 0.208
3 1.14 0.26 0.076 (0.020 (.281 0.287
] 144 0.21 0.088 0.018 (.383 0.367
7 1.88 (.32 0.108 (0.034 0.964 0,949
8 2.57 0.31 0.137 (0.043 1.843 1.813
] 346 (.29 0.167 (0.048 3.125 3.067
10 469 (.32 0.195 (0.062 3.286 5200
11 6.20 0.24 0217 (0.032 4932 42861
12 8.37 .36 0.231 0.083 7.907 7.887 ePMig, min ePMy,
T line 1-12 0.457 25222 24 047 55 55
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ISO 16890-2:2016 -
AIR FILTER TEST RESULTS SUMMARY

Testing Organization:
RISE
Fesearch Instimtes of Swedsn AR

Brinellzatan 4, 501 15 Boras, Swedan
+460105165000

GENERAL
Test I SP202109233 |Da.te of test: 2021-09-23 Operator: GB
Particle counter information Aur flow measurement: Device obtained (when and how
hanufacturer: Model: Cowncidence value | Anmubar, Micatrone obtained):
TSI Gmbh OPS 3330 (plem’): Air flow sensor MFS-SS The device was sent and obtamed on
300 2021-09-14
DEVICE TESTED
MModel- Manufachwer: Construction-
IS0 ePM10 50% 392x392x600/6 Filter Plus OU Pocket filter, 6 Pockets
Article mumber: Type of media: Net effective media area (m:]- Filter dimensions (width x height x depth)
10503925926006 Synthetic 42m 592 x 592 x 580 mm
Filter'media electrostatic charge: Media colour: Media adhesive:
Mo White MNIA
Device Condition: Clean / Initial
Cther descriptive information: Mass of test item (imitial}: 14726 g
TEST DATA SUAMMARY
Test air flow rate: Test air temperature: Test awr BH: Test aerosol:
0.044 m'fs M45-%3°C 38-438% DEHS (0.3-1 pm)
ECL(1-10 pm)
EESULTS
Fesistance to airflow (Pa) Fractional Efficiency (%)
Fated initial: - Measured Rated Upstream concentration
Mezsured: 39 Pa Rated Final: - Range (um) Efficiency | Efficiency {particles / dm™)
Test Device Photo 0.30 - 0.40 4 21729
0.40 -0.55 4 15581
0.55-0.70 [i] g529
0.70 - 1.00 2 g814
1.00-1.30 15 6934
1.30-1.60 19 6480
1.60-220 7 8133
2.20-3.00 42 5592
3.00-4.00 a3 3614
4.00-5.350 82 1465
5.30-7.00 92 292
T7.00-10.00 95 184
Remarks:

HNOTE: The results of this test relate only to the test device mn the condition stated herein. The performance results cannot by themselves be
gquantitatively applied to predict filiration performance 1o all real hife” emaronments.
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IS0 16890-2:2016 -
AIRFIILTER TEST RESULTS DETAILS

Testing Organization:

RISE

Eesearch Inshitutes of Swedsn AB
Brinellgatan 4. 501 135 Bords, Swedan

Particle size (pum)

460105165000
Test ID: SP2021008233 |Dare of test: 202109-23  [Operator: GB
TEST DATA DETATLS
Resistance to Airflow 1.2 L'g."m‘i'
% of rated airflowr Airflow Fesistance to @
(m*/s) Anflow (Pa) jE E
40% 0.378 11 2 - s
S0% 0.472 14 ph E /
75% 0.705 25 = w0 4
100%3 0.944 39 == E
4
125% 1181 55 g% 0t
P oxf
g wi
& c
n,'........................ .
0.0 0.2 0.4 0.6 0.3 1.0 1.2 1.4
Airflow (m?/'s)
Fractional Hficiency by Particle Size
100
|
a0 il
30 /
. T /
2 s
= 60
E -D /
- 3
& S
= 40
: . /
=
E - ﬁ' /
10 —
) —
0.10 1.00 10.00

quantrtatively applied to predict filiration performance i all real Life” emaronments.

MOTE: The results of this test relate only to the test dewice in the condition stated herein The performance results cannot by themseles be
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Efficency measurement

Upstream count data
OBC bin dg i Upstream efficiency coumnt data _ _
pm 1 2 3 4 5 L
1 0.35 21370 21634 21815 21923 21800 108644
2 0.47 1521 15763 15161 16021 L5704 TTOS3
3 0.62 8238 3412 8722 8583 2560 42644
4 0.54 8502 8953 8850 2830 2935 44070
5 1.14 T4 T282 7378 6319 G548 14472
1] 1.4 G577 G780 GO0 5914 il 31401
7 188 2330 8514 8507 T366 TRED B ]
2 257 5668 5819 5834 5155 5486 X7
e 146 3700 3721 378D 337 3482 15068
10 4.69 1470 1540 1517 1351 1440 Tar7
11 6.20 283 316 282 283 297 1461
12 837 186 20 1465 134 163 018
Iote: All data shown i the momber of pamicle cowmes fior 60 ¢
Efficiency measurement
Downstream count data
OPC bin dg i Eﬂ':'f':m:e:fn: efficiency coumt dats _
pm 1 2 3 4 5 D,
1 0.35 0545 20869 20897 21056 20034 04403
2 0.47 15378 15603 15608 15625 15673 THME
3 0.62 TEH 8162 8011 2139 BTz 0225
4 0.34 7508 7128 T538 TE4E 685 5308
] 1.14 5530 5483 5758 44501 5041 Jas12
1] 144 S640 5908 5868 5087 5202 T804
7 188 G668 912 G938 6425 33003
2 157 3630 3662 3708 3155 3434 1T
9 .46 1530 1503 1508 1316 1334 T180
10 4.69 278 203 290 251 267 1379
11 6.20 4 Eld 7 7 21 135
12 237 13 10 11 5 10 49
Iote: All data shown i the momber of particle coumts fior 60 =
Efficiency messorement
Final resolis and nncertainty
OPC bin i Penetraton data reduction Uncertaingy hmis Uncertamty | Eficiency
pm B o g Sianc Drymarmic Pacs Fail %a
1 0.35 0.964 0.014 0018 0.05 0067 Pass X
2 0.47 0.960 0.022 0027 0.05 0067 Pass 4.0
3 0.62 0.843 0.026 0032 0.05 0066 Pass 57
4 0.34 0.91e 0.020 0025 0.05 0064 Pass 81
5 1.14 0.853 0.023 0.028 0.05 0060 Pass 14.7
7] 1.44 0.808 0.016 (020 0.05 0057 Pass 19.2
7 1.88 0.720 0.009 0011 0.05 0051 Pass 171
2 257 0.581 0.015 0019 0.05 0041 Pass 4189
a9 146 037 0.013 0014 0.05 0056 Pass 626
10 4.68 0.175 0.007 (03 0.05 0,026 Pass B15
11 65.20 0.084 0.025 0030 0.05 0017 Pass L]
12 8.37 0.047 0.016 0020 0.05 0000 Pass 053
d, Geomestric mean diamster of a size range i, pm
B the final penefration for a given particle size
b the standard deviation of the penetration for a given particle size
2 the imcertainty of the peretration for a piven particle size
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IS0 16890-3:2016 -

AIR FILTER TEST RESULTS SUMMARY

Testing Organization

REE

Ressarch Institmes of Sweden AR
Brirellzatan 4, 501 15 Baords, Swedan
+4E01 051 63000

CENERAL
TestID:  SP203109333 | Cate of test 2021-10-11 Croemafor: Ter / GB
Air flow measmement: Test sanmile o'btained:
Annubar, Micatrone The dewice was sent and obtamed on 2021-
Afr flow semsor MFS-35 0e-14
DEVICE TESTED
IS0 ePMID 50%: 393502=000E Filter Pz OU Pocket filfer, § Pockats
Article mmober: Tipe of meda Het effective media area (m”) Filter cimension (width = height x depth)
1050592502 5005 | Symitheic 4l m’ F02 % 592 % 580 mm
Filter'media slectrostatic charge- Media calour: Media adhesie:
i White BA
Dengice Condition: Conditioned per TS0 15290-4
TEST DATA STULMMARY
Test air fow rats; Test air temperanTe: Test air BH: Loading dust:
0844 m's W00-255°C Ja5-455 % Particle Technology, 130 121031 AZ-fime
RESULTS
Eesistance to airflow Dwst loading results
30 Ba Bated mmiral- - Pa Tritia] arrestance (5] |Averame amsstanee(?s) | Test dost capacioy ()
Final test pressure - -
Fated Firal- - e T %
300 Ba Pa of 3 i 1153 g
Test Device Fhoto
Femariks:

WOTE: The results of this test relate onky to the test device in the condition stafed herein. The performence results canmot by thepselves be
quantitarively appiied to predict fliration performance in all real life" smvromments.
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Testing Orpamiz ation:
IS0 16890-3:2016 - RISE
AIR FILTER TEST RESULTS DETAILS Bassarch Istimtes of Sumden AR
Brinsligatan 4, 501 15 Bords, Sumdm
+460105 165000
Tast ID: SP102109233 |Diate of et 2021-10-11 Crperacar: Ter/ GB
TEST DATA DETAILS
Eesistance to Airflow 1.2 ke/m”*
% of rasd Axflow | Resistance to a0
airtlosy {m"‘;'a] Ao [PI.J -E E -
0% 0378 11 ¥ oyl
S04 0472 14 2 : P
TS i ! b 4':' - = 3
5% 0.708 25 - S =
1007 094 38 EF o F -~
2L 30 ¢
15% 1181 57 = : -
= 1 f e
E : T
j 13 o
|:, : L 1 L I T T | P T W | L1 1 I T T 1 1 1
0.0 a2 0.4 0.8 0B 1o 1.2 14
Airflow (m*z)
o 350 »
R —r
- 10 =T
=m0 - .
"L —
TE 150 =
e -+
¥ 10 s
E 50 =y - P i
& e o —
204 400 500 BDO 1004 1200 1400
Dust fed g}
]?-El S e o i, . Al —F | :
B+ ||
I ni ||
® 6 £ —
§ wi |
0 £ -
0 £ -
0 £ -
0+ —
00 400 500 30 L0 1200 1400
Drusi fed (g}
HNOTE: The results of this test relate only to the test denios in the condition stated barein. The performancs resnlts canmot by themsalves bo
|eantitattvely applied o prodict filiaticn pesformancs in ol “real Hf” soviroaments.




ISO 16890-3:2016 -

Air flow rate and resistance to air flow after different dust loading phases

Test device: IS0 ePRAL0 50% 392x592x600/6
Testno.: SP202109233
Test dust: Particle Technology, IS0 121031 A)-fine, Batch nr: 10042
Aar flow rate: 0.844 mfs
Date Loaded Air flow meter Filter
dust
m, tr Py Apr ™ t 2 = P a, ap Ap
z *C Pa Pa kz's =C %o kPa kg'm’ ms Pa Pa
Clean filter
2021-10-08 - 233 a1 83 045 233 441 1015 1.187 (.378 11 11
2021-10-08 - 239 128 131 0.56 239 43.2 101.5 1.185 0.472 15 14
2021-10-08 - M09 237 289 084 24.9 41.1 101.6 1.181 (0. 708 26 25
2021-10-08 - 252 365 307 1.11 252 121 101.6 1.181 (.044 40 39
2021-10-08 - 233 303 786 1.39 253 404 1017 1.180 1.181 7 37
Clean filter pressure drop is proportional to (g.)", where n = 1.44
Dust loading phase
2021-10-11 ] 210 363 304 1.11 21.0 447 09 4 1172 (044 3 39
2021-10-11 30 209 370 504 1.11 209 455 09 4 1172 (944 40 40
2021-10-11 25 243 375 498 1.09 245 356 09 4 1.138 (.944 42 42
2021-10-11 140 2535 380 498 1.09 255 443 49 4 1.153 (0.847 43 43
2021-10-11 193 n2 378 301 1.10 2232 427 493 1.167 (844 45 45
2021-10-11| 250 2235 373 301 1.10 X235 124 093 1.165 (.044 7 7
2021-10-11| 303 225 375 301 1.10 125 125 093 1.165 (944 30 30
2021-10-11| 360 224 374 301 1.10 224 127 093 1.165 (944 53 33
2021-10-11 415 225 379 301 1.10 225 129 493 1.165 (0.945 57 57
2021-10-11 713 226 414 300 1.10 226 432 493 1.164 (.044 103 103
2021-10-11( 1015 2235 503 301 1.10 125 431 093 1.165 (0044 213 215
2021-10-11( 1245 226 &01 301 1.10 226 1.0 09 4 1.166 (044 i3 126
Symbols and units
Apy air flow meter differential pressure, Pa Qo mass flow rate, kg's
m,, curmilative mass of dust fad to filter, g Qs air flow rate filter, m*/s
Ap measwred filter pressure drop, Pa tr temperature at awr flowmeter, *C
Apy gy,  Tesistance to air flow at ar density 1.20 kgm’, Pa t temperatme upstream of filter, °C
Ds absolute air pressure upstream of filter, kPa & relative himm dity upstream of the filter, %
Pu air flow meter static pressure, kPa air density upstream of filter, k_E"mj
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ISO 16890-3:2016 -
Resistance to air flow and arrestance after different dust loading phases

Test devace:

IS0 ePMI0 30% 592x502x5600/6

Testno.: SP202108233
Test dust: Particle Technology, ISO 121031 A2 fine, Batch nr- 10042
Aar flow rate: 0944 m's

Date Ap, ~m o, Apy m, i A 1, A A,

Pa g g Pa z g z z Ya Y

2021-10-11 39 30 30 40 2400.1 24032 31 0.0 g0.7 89.7
2021-10-11 40 35 85 42 2403.2 24071 N 0.0 0xe 018
2021-10-11 42 33 140 43 24071 24106 3 0.0 036 025
2021-10-11 43 35 195 45 24106 24139 33 0.0 24.0 g2.0
2021-10-11 43 33 250 7 24139 24171 32 0.0 042 832
2021-10-11 7 33 305 S0 24171 24198 27 0.0 031 835
2021-10-11 30 35 360 53 24108 433 25 0.0 033 838
2021-10-11 33 33 415 7 2422 3 24242 1.9 0.0 06.3 0472
2021-10-11 57 300 715 103 24242 24328 26 0.0 27.1 054
2021-10-11 103 300 1013 215 2432 8 24373 4.5 0.0 QE.3 06.3
2021-10-11 215 230 1243 326 24373 24304 2.1 0.0 20.1 06.8
Mass of tested device
Imtial mass of tested dewvice: 1474 ¢
Final mzss of tested denvice: 2l g

Test dust:

Particle Technology, IS0 121031 A2-fine. Batch nr: 10042

Svmbols and units

A arestance, %

A aerage arrestance, %o

Am dust meremeant. g

A resistance to air flowbefore dust increment (air density 1.20 kg'm”), Pa
Ap, resistance to air flow after dust increment (air density 120 kg'm®), Pa
o, dust m duct after devace, g

m, mass of final filter before dust increment. z

m, mass of final filter after dust Increment, g

m,, cummalative mass of dust fed to Alter, g

Amy mass gan of final filter, g
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IS0 16890-4:2016 -

AIR FILTER TEST RESULTS SUMMARY

Testing Organization:

RISE

Research Institutes of Swedan AB
Brinellgatan 4, 50115 Borks, Swedan
+460105165000

GENERAL
Test I SP202109233 [Date of test: 2021-10-08 Operztor:  HC
Particle connter information Air flow measwrement: Device obtamed (when and how
Manufachurer: Model: Coincidence value | Anmubar, Micatrone obtamed):
TSI Gmbh OP5 3330 (plem’): Air flow sensor MFS-55 The device was sent and obtamed on
300 H21-09-14
DEVICE TESTED
Model: Mamufachmer: Construction:
150 ePMI10 3076 592x5092x600/6 Filter Phnz OU Pocket filter. 6 Pockets
Article mmber: Type of media: Het effective media area (m!} Filter dimensions (width x height x depth)
10505925826006 Synthetic 47 m’ 302 x 592 x 580 mm
Filter'media electrostatic charge: Media colow: Media adhesiwe:
No White MNA
Device Condition: Conditioned per ISO 16890-4
Other deseriptive information: Mazz of test ttem bafore [ after discharpe procedure and before measuremernt:
14731 g/ 1477 g/ 14732 g
TEST DATA SUMMARY
Test air flow rate: Test air temperature: Test air RH: Test asrosol:
0.044 mis 233-237°C 404 -446% DEHS (0.3-1 pmy)
EC1({1-10 pm)
RESULTS
Eesistance to airflow (Pa) Fractional Efficiency (%)
Rated imtial: - Measwad Fated Upstream concentration
Measured: ¥ Fa Rated Final: . | Peme=0m) | pos ieney | Efficiency (particles / dm)
Test Device Photo 0.30-0.40 4 28286
0.40-0.55 3 20598
0.35-0.70 5 10882
0.70-1.00 g 11442
1.00-1.30 14 14190
1.30-1.60 21 13769
1.60-2.20 28 17310
220-3.00 43 11516
3.00-400 63 7419
4.00-5.50 25 3378
3.50-7.00 24 753
7.00 - 10.00 26 436
Eemarks:

MNOTE: The results of this test relate only to the test device inthe condihon stated berein. The performance results cannot by themselves be
quantitatrvely applied to predict filtration performance n all "real hife” emvironments.
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Testing Organization:
ISO 16890-4:2016 - RISE
AIR FILTER TEST RESULTS DETAILS Research Institutes of Sweden A5
Brinellgatan 4, 501 15 Bords, Swedan
+460105165000
Test ID: SP202109233 |Date of test:  2021-10-08 Chperator: HC
TEST DATA DETAILS
Resistance to Airflow, 1.2 lq_r."m‘,' Fractional efficiency
Initial - - E. 100 % nominal | E, 100% noounal | E,, 50% nominal
Femnstance to Awrflow Range (ym) . - .
. 3 air flow air flow ar flow
Airflow (m'/s) (Pa)
0.378 11 0.30-040 3.6 ER:] 31
0472 14 0.40 - 0.55 4.0 34 34
0.703 25 0.55-0.70 5.7 53 7.1
0,544 39 0.70-1.00 8.1 85 g0
1.181 55 1.00-1.30 147 14.0
Conditioned 1.30-1.60 192 20.9
Larflow (m/s) Fesistance to Airflow (Pa) 1.60-220 271 280
0378 11 220-3.00 4198 433
0.472 14 3.00-4.00 6.6 63.0
0,702 25 4.00 - 3.50 825 g4
0.944 ig 5.50-7.00 216 044
1.181 57 7.00 - 10.00 953 038
100
——
g N = —+—Ed, 100% nominal air
= 0 & flow
2 70 y
E_a b e |
*F 50 —&— Ei, 100 % noonal air
e lf
s~ 4 7 fow
= 30
E i Ed, 50% nooinal anr flow
£ 0 . ] ’_-,,f/.
0 . | T | . | [ T 1T IT1]
0.1 L 100
Particle size (pm)
ot 0 E A —&— Pressure
£_ 50+ — = differential 25 2
EZ £ i fimction of the an
& E flow rate, Initial
SE Wt " = In
<= E _._',.--"f —B— Pressure
; e 0 E ._._.--l""__— differenfial aza
7= w £ fimction of the am
& 0 SN R —_— e flow e,
0.0 0.2 0.4 06 0.8 1.0 12 14 Conditioned
Airflow (m*/z)
CONDITIONING PROCEDURE
Diate: Temperahare in the chamber: Ralatrve lomudity in the chamber: Atmospheric pressure:
20210030 - 2021-10-01 231-238°C 398-418% 029 4 - 904 5 mbar

MOTE: The results of this test relate only to the test device in the condition stated herein. The performance results cannot by themselies be

quantitatively applied to predict filtration performance 1n all real life" epvironments.
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Efficency measurement

Upstream connt data
OPC bin d.; Upsteam efficiency commnt data i i
pm 1 2 3 4 5 U,
1 0.35 28155 15464 28707 XTE3E TR2ET 141421
2 0.47 20782 0840 0583 i8S 293 102003
3 0.62 10724 10921 L1045 10888 10851 54430
4 0.84 11477 11342 11611 11323 11356 5THR
5 L.14 13621 14206 14424 14451 13846 TO4E
1] L34 13426 13842 13916 14150 13500 G554
) 1.83 16781 17325 17805 17825 16813 o540
2 2.57 11263 11643 11612 11783 11281 5T
9 146 Jiod 1575 T570 e 7104 AT0ET
10 4.60 4 3357 3443 3352 3283 16580
11 6.20 750 747 TI5 758 T25 ATas
12 8.37 44 442 431 455 448 2150
Mote: All data shown is the momber of pamicle coumts far 60 5
Efficiency measurement
Downstream count data
OPC bin da; Eﬂ'li\-':ls-t‘&]ﬂ.l:l: efficency count data i
pm 1 2 3 4 5 D,
1 0.35 27317 17242 27550 26855 260022 135386
2 0.47 19804 19913 259 20153 20188 100417
3 0.62 10453 10527 10625 10408 10554 51568
4 0.84 o004 QT Q786 9885 o0 40173
] 1.14 10260 11061 11326 11546 10636 54830
1] L44 10758 11193 11201 11680 10830 5576
7 188 12703 13264 13543 13301 12871 GGEL
2 2.57 G534 GO0 7053 THE 624 24050
e 146 2505 2d04 27 20 2701 13374
10 4.69 474 548 538 527 524 2511
11 6.20 41 45 41 3 42 113
12 8.37 21 10 13 20 20 93
Hote: All data shown = the pumiber of pamicle cownts for 60 5
Efficiency measurement
Final resnlfs and uncerfanty
aPC b d Pensration dats reduction Uncertamsy hmix Uncertamiy | Efficiency
T m P 5 . Statc | Dynamic | Pass/Fal %
1 0.35 0.962 0.014 0.017 0.05 QLoa7 Pass x|
2 0.47 0.966 0.020 0025 0.05 Q068 Pass A4
3 0.62 0.947 0.010 0012 0.05 D068 Pass 5.3
4 0.24 0.915 0.019 0024 0.05 D064 Pass 8.5
5 1.14 0.860 0.016 0020 0.05 Q06D Pass 14.0
7] 1.44 0.791 0.019 0024 0.05 0055 Pass e
7 1.38 0.720 0.012 0014 0.05 0050 Pass 25.0
2 2.57 0.567 0.012 0015 0.05 D040 Pass 433
el .48 0.350 0.014 0.017 0.05 0052 Pass 650
10 4.69 0.151 0.010 0013 0.05 0023 Pass B9
11 6.20 0.056 0.003 0004 0.05 Q011 Pass B4
12 8.37 0.042 0.008 0010 0.05 Qo00g Pasy 058
d, Geomeiric mean diameter of a size rmEe 1, pm
B the final penetarion for a given particle size
b the standard deviation of the penstration for a given particle size
2 the imceTtainty of the penstration for a piven particls size
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Efficiency measurement, 50% pominal air flow

Upsiream count data
OPC bin da i Upsream efficiency count data i i
pm 1 2 ] 4 5 | -
1 0.35 21219 21401 21352 216467 21535 107174
2 0.47 15562 16151 15850 16198 155 B0176
3 0.52 B404 8738 8933 2871 2908 43046
4 0.34 Q303 9405 42 9528 o786 4T85
Biote: All data shown is the momber of particle coumts for 60 s
Efficency measurement, 50% nominal air flow
Downsiream count data
OPC bin d; Dc-w:st&:im efficiency coumt data ]
pm 1 2 3 4 5 D ..
1 0.35 20113 20180 20254 513 20430 101450
2 0.47 15303 15628 13382 160401 15773 78177
3 0.462 B0ge 8282 21344 2402 241 41638
4 0.34 7871 3180 8345 8312 8475 41193
Dlote: All dats shown i the nomber of particle counts for 60 =
Efficiency measurement, 50% nominal air flow
Final resnlts and unceriainiy
OPC bi d; Pensration data reduction Uncertsingy lmits Uncertamty | Efficiency
m B 7 g Sianc Crmsmic Pass Fail ba
1 0.35 0.940 0.012 0.015 0.05 L0658 Pazz 51
2 0.47 0966 0.016 0019 0.05 0068 Pasz 34
3 0.52 0.920 0.023 0.028 0.05 0063 Pasz 7.1
4 0.34 0.920 0.022 0.027 0.05 0064 Pazz 8.0
d ;  ‘Ceometric mean diameter of a size range i, pm
B, tke final penemation far a given particle size
b the standard deviation of the penetration for a given particle size
2 the imcartainty of the penetration for a gven particls size
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Fig 1. Overview of the test item

Fig 2. Label on the test item
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The interpretation of test reports according to ISO 16890:2016

This brief review of the test procedures. including those for addressing the testing of
electrostatic charged filters. 1s provided for those unfamiliar with the procedures of this series
of ISO standards. It 1s intended to assist in understanding and interpreting the results in the test
report/summary. (For further details of procedures the full ISO 16890 document series shall be
consulted).

Auir filters may rely on the effects of passive static electric charges on the fibres to achieve high
efficiencies. particularly in the initial stages of their working life. Environmental factors
encountered in service may affect the action of these electric charges so that the initial
efficiency may drop substantially after an initial period of service. This could be offset or
countered by an increase i efficiency (“mechanical efficiency™) as dust deposits build up. The
reported. untreated and conditioned (discharged) efficiency shows the extent of the electrical
charge effect on initial performance and indicates the potential loss of particle removal
efficiency when the charge effect is completely removed and when at the same time there 1s no
compensating increase of the mechanical efficiency. These test results should not be assumed
to represent the filter performance in all possible environmental conditions or to represent all
possible “real life” behaviour.
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Eurovent 4/21 - 2019 Testing Organization:
Energy efficiency evaluation of air filters for general Research Instiutes of Sweden A8
= . = Brnellgatan 4, 501 15 Boras, Swedan
ventilation purposes +460105165000
Test ID: SP202109233 | Date of test: 2021-10-11 |Operator: ~ Ter / GB
DEVICE TESTED
Model: Mamifachurer: Construction
IS0 ePMI10 50% 592x592z600/6 Filter Plus OU Pocket filter, 6 Pockets
Article mmber: Type of mediom: MNet effective filtering area: Filter dimensions (wadth x height x depth)
10305925926006 Synthetic 42w 592 x 592 x 580 mm
TEST DATA DETAILS
i m; _\'.]]j _.'l.]]i_lg Amg
g Pa Pa z
0 0 39.3
1 30 40.3 39.8 30
2 85 41.8 41.1 35
3 140 434 42.6 35
4 193 454 444 35
3 250 474 46.4 35
6 303 409 48.6 55
1 360 334 31.7 35
8 413 57.5 55.3 35
M Apy APaa Amg
g Fa Pa g
400 56.4 34.9 40
1 mmober of the dust loading step
m, total amomt of dust fed to the air filter after the dust loading step i
Ap, pressure drop of the air filter after dust loading step i
Ap, average of the pressure drops of the air filter measired before and after the dust loading step i
Am, dust mcrement fed to the air filter duning loading step i
n total mmber of dust loading steps to feed the amomt of test dust M, to the ar filter (n = 8)
= 100 ¢
E _- e Bl palstance to Arflow,
£ P 1.2ke/m3 (Pa) as
== L st fimction of dust fed
g W e e T
E® . T
= 25 — Average pressure drop
0 50 100 150 200 250 300 350 400 450
Dust fed (g)
RESULTS
IS0 group PMIO Ap,. Average pressure drop 46.3 Pa
Amount of dust fed, M, 400 Yearly energy consumption, W 514 EWh

MNOTE: The results of this test relate only to the test device in the condition stated herein The performance results cannot by themselves be
quantitatively applied to predict filiration performance mall "real life” environments.

48



