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Introduction

This master thesis is condudt&ith a collaboration of Aalborgniversity (AAU)and Airmaster, a
company that specializes in assembling and séfiogvn Air Handling UnitAHU. AHU is consisted
of several important components that come together to protigedesired indoor airquality (IAQ.

The research agd deveIoApmentAdepartment drrnelstgris working conAtinuoust to upgrade and
2LIGAYAAS (GKS LIS NF 2ANMstef rdSonly2 pfodudes $hairNavn AHU Oul i® also
involved in monitoring and servicing the AHU thatiidto their clients.

It is this unique position that allowSrmasterto obtain the firsthand knowledge and work with a
OK2aSy ! 1! Qa deallSced 1y 2hy &dtyigSciients during maintenavisés to focus,
study, improveandenhance theproductivity and performance @systemas a whole.

C2 NJ { KA #esi¥ the fic8sNaDidvestigation was, filter changing strategies and monitoring the
used AHU filters, collected Byrmaster over several month3he reason for collecting the usiters,
wasto test and monitor filtersinder controlled environmenflte aim of monitoring wat observe

and propose possible filter replacement strategies the existing methods being used followed
traditional rules of thumb.

When the project starteduringd KS FANB G AYAGA L YSSUGAyY BetiBen2y S 2 ¥
OF YLI AIYyQ 6+a (2 RSGSN¥YAYS KS 0 S & dmodidriENBes 2F | O
filters and recommend filter replacement strategies.

Many options wes dscussed but one option brought up by Erik Bjarn, the hea@eskarch and
Development Department at Airmaster seemed to be very intedeistinvestigaing® Wi KS STFS
relative humidityon filters. The bases of this interest what a team atAirmader that collects and
observes data about the functionality tfe sold AHU units realizedoccasional andldzy SEIJf | A Yy SR
pressure drogpeaks in the monitoring software program@me 9 NA{ adza LJSOGSR (KS&s
Y2YSy Gl NE LISI 1 a0 relatige hondittRH)Thedzfréa deéciionkviasanade study

and observe the effects &Hon filters, in an environment replicating close to 4lgalsituations.

O(

Problem statement

At present AHUfilter changing strategies follo®@ S NJrulegiofthustbQHow could this be improved?

Aims and objective

- Tobriefly analyse hazardous-biourne contaminants, in form of micro particles (indoor and outdoor
climate) to see if the contaminants are rising e.g. in Denmark or the opfdsétaim is togalize why
do we use filters anaihat filters aresupposed toifter.
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- Toanalyse the new common American/European filter standi@f 16890 to seehow the new
standardare different from the oldEN 779

- Looking at the present filter changing teaues and investigating if there are any new state of the
art filter changing indicators availalde the market?

-One of the main objectives of this project isnmnitor used filters collected by Airmastand
determine if RHhas a profoundffecton fitters. Therefore, in a climatic chamber, the used filters will
be subjected to various lewebf RHThe aim would be to determiné,there is a substantial weight
variationin the used filtersFurthermore, in the same climatic chamber, tests would beuwmed,
usinga custommadetest rig,to investigate the impact afifferent RH levels on pressure drop.

- Conducting Vapour Sorption Analysis, atAAU, on selective used filters (dust samples taken from
used filter) (VSAis a technique in which a satais subjected to varying conditions of humidity and
temperature, and the response of the sample is measured gravimetritadlyVSAdetects

the sorption/desorptiorof watervaporby the means ofhe increase or decrease in massaajiven
material(in this case dirt from the filteras the RHvaries

- Cross analysis of the experiments conducted in the climatic chamber avi§Ahenalysis.

-Finally, proposalsfor further filter monitoring and replacementstrategies and drafting a future
experiment probcd.

Case Description

Filters play an integral part in providithg desiredand healthy indoor environment and as one of the
leading AHU companies in the nodtland, Denmark, AIRMASTER took the initiative of monitoring
used filters and investigatingpssble alternativefilter replacement strategiethan the traditional,
WNEREFS ( KdzY o Q 0.ITheSeRvasdanidolialiotiosvith Alborg University.

Airmaster offer a range of decentralised ventilation units. Among some of their presestAddUs

AM 150, AM 300, AM 500, AM 800, AM 900, AM 1000, etc. AM repreenteme of the company
WI &dEand the number represents the nominal air flow rate in mite AHU AM 150 should be
able to cater a flow rate of up to or close to 158rand AM 300n3h a flowrate of 300nsh and AM
1000 a flow rate of 1000 m3/h. Eaahit can either be mounted vertically or horizontally and has its
own unique size and dimensions.

Since one of thenain aims of the project is to assist a process or procéisaesan accommodate

alternative filter replacement strategieas present filte& changing strategies areonsidered

énotoriously primitivé and mostly followithe rulesof thumké: as2 y S 2 F s#AK St k¥ S & (0 NI
wasmonitoring the pressure droptessst the filterreplacementit was only natural to speculate what

else affects or might affect the pressure drop in a filter, apart from the dirt fatbggolness a filter)
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In a meeting, where the head dirmastes Research andDevelopment Department and two
supervisors fromAAH were presenifRHappeared to be a very appealing and a likely contributor,
therefore it was decided to investigate te&ectsof different levels oRHon filter weight and the
respective affects, on the pressure drépx: this project the AM 30@init filter type was chosen as it is
2yS 2F ! Lwa! { ¢ 9 wRhich afs? mdant thad thereAwgéra play ¢f AN 300 AHU used
filters available).

¢KSNB 461 a |y | RRAGA Dgbhducted @thréesiitérs (Azild filkeiSsetd ABNInanS v i
filter). The aim waw calculatea filterspressure drop for a flow outside of the data poiatsl to see
the characteristics of a clogged fil{erlet and outletys the new filter.

There were more than 140 filte that Airmastercollected, over a period of many montfgstly, all
the filter bagaverelabelled the filter datawasrecordedand then shelved.HE next sep was to make
a climatic chambein order to control temperature angH Secondly, to weigh ahe filters at 10%,
40% and 90%H to analyse respective weight variation and pressure dropgcustammadetest rig.

At the same time VSA experiment were done and a cross analysis was made

Delimitations

In the initial stages of the project it waseod the aims of this thesis to conduct an experiment t
determine if a clogged/used filter, filters more or Bstdue to the lack of time this experiment never
took place.

Another experiment that was not conducted, dwetlie lack of time wado determine as to what
extent doesfilters exposed to test dust (artificial dust) replicate the conditions ofrethHife used

filter? It would be considered a delimitation of the thesis, as the results from these experiments could
have further added tthe proposaldor filter replacement strategies.

A dance to work with electro filter, due to time constraints.

Experimens adding water tacloggedfilters and analysing the pressure drop in the custom based test
rig. The aim was otsee how the systemeacts (after experiment 1 and 2 an issue regarding the
unexplained peaks in pressure drop that Airmaster staffegdted remained. Therefore, following up

on a hunch one filter was chosen, water was sprayed on it and the filter was placed in arieintiy. |

the fan speed was high, and the flow rate increased. But after a while the system normalized, settling
downto the chosen air flow rate.

Due to the lack of time this experiment was not repeated on more filters). But the hunch turned into a
very strong suspicion that the unexplained peaks are due to rainwater. Please Anotaster
specializes in AHU that atecentralized and avoid duct work which means that the filters are located
very close to the externaall/grill. This means thahe inletfilter is also placed close to the external
wall and are very exposed to the weather conditions. It must also péamed that Airmaster is

9
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already working on a specialized grill and the main purpose of the grill is to sit just before the inlet
opening o the external wall to try and deflect the rainwater).

Indoor Air Quality

According to the Europedoy” A 2 BlilflicHealth Department, a few indoor air pollutants come from
the outside air, but most are released inside the indoor environment, for exampleft cleaning
products, air freshenerpgsticidesand in some cases fuel for cookimgd heating. Emissions from
construction méerials and furniture are an additional common source of indoor air polludiamo-
organismssuch asungithat release sporesnay also contaminate indoor air anckn be acause
of allergiesandasthma[38].

The Europeably” A 2RBillicHealth Department states thatevaluating and managing the health risks
of indoor air pollution in Europe is complx not onlythe pollutantsthe exposure levels and possible
health effects must be considerddt the differences in cultural habits, lifestyles and clinmgteuld
also be taken into accouf88].

Regarding idoor air quality (IAQ)in Denmarkand according tcEN 15251, there are different
categoriesto be achievedfor example 1, 2 and 3pr private buildings, offices, schools and public
places like museums. See Tabl®or limit valuesPlease note that themit values can vary according
to BR 20 o¥ArbejdstilsyneQapplicable to offices and working places

Furthermore, attention must also be givenMolatile OrganicCompounds (VCCs), while designing a

healthy indoor environmentYOCs are organic chemiligthat have a high vapor pressuat ordinary

room temperature. High vapor pressure results from a low boiling point, which causes large numbers

2F Y2fSO0dz S&a G2 SOFLRNIXGS IyR SyiSN G6§KS adzNNEZ dzy
VOCs 1@ numerous and in various sizeBhey include both humamade and naturally occurring

chemical compounds. Most scents or odours are of VIZCGsee more on VOCS please see appendix 2
andSee Tablé&. for limit valuedor buildings that have qualify forGreen Building Council Denmark,
(DGNBscore folAQ

A special attention should also be given to a type of VOC called, formaldehyde. Formaldehyde is found
in manufacturedvoodproducts used as building materials such as plywoo®@$B etc.These
manufactired wood products are also found in furniture like desks, beds, bookshéfesen
cabinets. See Tablefor limit values if a building has to qualify for DGNB sco@XaQ).

RH is anotheémportant factor when designing a healthy indalimate. Nomaly, this process is more
YSGAOdzt 2dzat e F2ft26SR Ay aalLISOAlIt odzAf RAy3aa A7
LI LISNJ AYRdzZAGNE ¢ | & ail 0. .Sée TdoM fordimitvaldeKacdordihgyfoReNR M p |
Danish standard 15251
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Relative humidity in relation to indoor air quality

RHOI'Y KI @S O2yaARSNIotS AYLI OO 2y ,asOnipddaditHheé Qa KS|
GARSIFf & KdzYARAG& Ol ydididéradzbghieent4eb0, Whicly sy depedds gn

indoor temperature.Nine epidemiological studies analiysed the relationship between the number of
respiratory infections or absenteeism and Ridof the office, residencandschool. Absenteeism due

respiratory infections was found to be lowepeople woking or living in environments witimnedium

versus low or higRRH The indoor size of allergenic mite and fungal populations is directly associated

with the RH According to the research,it@ populdaionsis minimized when thé&kHis below 50% and

reach a maimum size at 809%RH Most species ofungi cannot grow unless the relative humidity

exceeds 60%20].

. NASTFEes AT AYR22NJ FANI KFA | 26 KdzYA Rativey. 2N ai;
Moreover, having too high humidity can resulgirisk of mold in the indoor environment. Furthermore,

low humiditycauses eye irritation, dryness of the skin and the nose, and rashes, while high humidity
fosters the growth ofmouldsand dust mite$20]. For more on RH please see appendix 6.

Above were some of the parameters within a buildihgw about the air pollutants that are entering
the building by the means of mechanical ventilation? In order to analysgthieamostfundamental
parameters thahasto be taken into account the locaion of a building.

Air pollution

According to the World Health Organizat{®#HO) air pollution is th geatest environmental risk to
human health. WHO estimates that around 7 million people die every year from exposure to fine
particles in polluted athat penetrate deep into the lungs and cardiovascular system, causing diseases
which includes stroke, heat disease, lung cancer, chronic obstructive pulmonary diseases and
respiratory infection§30].

Ambient air pollution alone caused some miion deaths in 2016, while household air pollution from
cooking with polluting fuels and technologies cawmeestimated 3.8 million deaths in the same period
[30]. Pollutants with the strongest evidence for public health concern, include particldtter ifiPM),
ozone (@), nitrogen dioxide (N{pand sulphur dioxide (2J22].

11
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Figure 1. Micron description [2]

Description of PM PMzsand PMo

According to the European Health CommissfBRC)ur bodies have a builh defence system to
protect against PM larger than 10 pm.order b be protected against air pollutaritgelow 10 pm,
human body is dependent on filteRM bigger than 10 um, acausing visible contaminatiomhereas

the PM smaller than 10 pm are primarily considered to be a health hazard because those,piarticles
inhaled travel to the lungswhich can result inserious repercussion$30][22]. The health risks
associated with PM of less than 10 and 2.5 microns in diametas dR¥MPMs) are especially well
documented.EHC states the same concerns on its official website as WH®Mh#& capable of
penetrating deep into lung passageays and entering the bloodstream causing cardiovascular,
cerebrovascular and respiratory impacts. In 2@18was classified as a major cause of lung cancer by
21 hQad LYGSNYyFraGAz2y It 1 3Syo0e T2 nmbawkidySiseNidicat@dty / | y OF
assess the health effects from exposure to ambient air poll[8@j22].

a2NB GKIFy nonn OAGASE Ay mimpienChR quglity NRaBaBmmakings Ay Of
(KAE GKS ¢2NIRQA Y2ai bl MipolRienSShEd0ws3moiR théni1o0D 8 S 2 y
FRRAGAZ2YFE OAGASE KIFIGPS 6802YS LINL 2F 21 hQa RIEGH

and taking action to reduce air pollution than ever bef@2. The database collects annual mean
concentratons of fine PM (PMw and MM2s). PMsincludes pollutants, such as sulphate, nitrates and
black carbon, which pose the greatest risks to human health. WHO air quality recommendggons
countries to reduce their air pollution to annual mean valuesiofim? (for PMo0 | Y R/ma(for >
PMs) [22]. Please view Table fbr a more detailed guidelingsgardingfour common air pollutants.
For air pollutants not considered in the present document the conclusions presenteditdti@ Air
quality guidelies for Europe,™® Copenhagen,20@)remain in effect. [29]

12
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Parameter type For Indo¢ Range Standards

climate

Q0; Cakgoryl 350 PPM above outdoor DS/EN 15251

Q0, Cakgory2 500 PPM above outdoor DS/EN 15251

RelativeHumidity 50-30 % DS/EN 15251

Relative Humidity 60-25 % DS/EN 15251

Formaldehyde concentration | 120 pg/n¥ max EN 16000

TVOC concentration 3000 pg/nimax EN 16000

Threshold for ParticulateMatter size & air Guidelines set by WHO

pollutants Outdoor

PM3s 10 pg/n¥annual mean; 25gim?® 24-hour mean

PMo 20 pg/n? annual mean; 50 ug/A24-hour mean

0O; (Ozone) 100pug/m3 8hour mean

NG (Nitrogen dioxide) 40 pg/n? annual mean 200 pg/Ai-hour mean

SQ (Sulphurdioxide) 20 pg/m? 24-hour mean 500 pg/fM10-minute
mean

Tablel. Important parameters to consider for healthyindoor environmentbased oDS/EN 15251(please note that PPM
stands for parts per million)Additionally, threshold for PMioand PMes& 3 most hazoudousir pollutants outdoors,
accordingto WHO. [29]

Description of the Air pollutants

NG stands for nitrogen dioxide. It primarily gets in the air from the burning of fuélfo@s from
emissions from cars, trucks and buses, power plants, amdaafequipment[30].

Breathing air with a gh concentration of N&can irritate airways in the human respiratory system.
Such exposures over short periods @astigate respiratory diseasespeciallyasthma, leading to
respiratory symptoms (such as coughing, or diffiéaltyeathing). Longer exygsues to concentratios

of NOmay contribute to thecausingasthma and potentially increasexposureto respiratory
infections.Moreover,peoplealreadywith asthma, children and the elderly are generally at greater risk
for the health effects of N£30].

Os stands for OzoneBecause of stratospher@zonedepletion (relating to the layer of the earth's
atmosphere above the troposphere, extending to about 50 km above the earth's sarfagea hole

is appearing in the ozone layer thus causing ineceditraviolet UV) radiation On theother hand

due totroposphericozone formatior(the troposphereis the lowest layer of Earth's atmosphere and is
also where nearlgllweatherconditions tak place. It contains approximately 75% of the atmosphere's
massand 99% of the total mass of water vapor and aerpwdse is smog formation in cities affecting
human[30].

The concentration of 160 pgfhas an impact otung function Lung inflammation ha alsobeen
recorded in a controlled chamber tests follogWHO air quality guidelingi® healthy young adults
undertaking intermittent exercig@ighintensive training)Studies showed health effects in childasn
well (based on variousummer camp studies in which children were exposed to ambient ozote).leve
Furthermore estimated 85% increase in daily mortality [30]

13
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At concentrations exceeding 240 pd/significant health effects are consideredoreoverlikely
physiological andhilammatory lung effectsn healthy exercising young adults exposed#iods of
6.6 hours; studies showetynificant health effect§30]

SQ stands forsulphurdioxide and is a major consequence for the droph. valueif water and soil)

with impact on flora and faun@lantsand animals)This has been linked to sudastial reductions in
health effects (e.g. childhood respiratory disease aralallmortaliy). Intermediate goat based on
controlling either motor vehicle emissions, industrial emissions and/or emissions from power
production [30]

Please note that thabove-mentioned pollutants do not only have a profound effect on human beings
and animals bt alsoon the whole planet. Furthermore, health effects remains even if the guideline
valueare achieved It should also be noted that aetries might decide to apt lower concentrations
than the WHO guideline values their national air quality standar®®].

The European standarétsr selective air pollutants in air

The9 dzN2 LIS | y U)aly dudlity firctivésdset pollutant concentrations thresholds shall not

be exceeded in a given period of time [38] case of exceedances, authorities must develop and
implement air quality management plans. These plans should aim to bring concentrations of air
pollutants to levels below the limit and target val{&3].

Selected EU standards and the (WHO) guidelines are summaiisddar2 These apply over diffent
periods of time because the observed health impacts associated with the various pollutants occur over
different exposure times [33]

The WHO guidelinvalues are set for the protection of health and are generally stricter than the
comparablepolitically agreed EU standards [33]

EU Air Quality Directive WHO Guidelines
Objective and legal nature

X Comments Concentration Comments
and concentration

Pollutant Averaging Period

99th percentile

3
PM2.s Hourly 25 pg/m (3 days/year)
PM2.5 Annual Limit value, 25 pg/m? 10 pg/m?
PM1o Hourly Limit value, 50 pg/m? Not to be exceeded on more 50 pg/m? 99th percentile
than 35 days per year (3 days/year)
PMio Annual Limit value, 40 ug/m? 20 ug/m?

- : Not to be exceeded on more
Maximum daily 5 o
[oF! e Target value, 120 pg/m than 25 days per year, 100 pg/m

averaged over three years
o Not to be exceeded on more
NO2 Hourly Limit value, 200 pg/m? Z 200 pg/m?
than 18 times a calendar year

NO2 Annual Limit value, 40 ug/m? 40 pg/m?

Table2. Air quality thresholdirectiveof European countrig83].
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Air quality in Denmark

Accordng to Environmental Performance Index (ERIL8 Denmark is in top tefianking at no B
countries in the worldwhen it comes to countries with cleanest air, following Switzerland and France
respectively 27].

¢ KS FANJ ljdz £t A& A& YSIFadaNBR Ay 5SyYl NJpansk | WYz
Centre for Environment and Energy (DCE) at Aarhusribyw The primary part of this programme

consists of continuous measurements at eleven nooinig stations; nine stations situated in the four

largest citiegCopenhagen, Aarhus, Odense and Aalbtwg)stations located in background areas and

a minor $ation in a suburban area. [12]

The aim of the program is to monitor air pollutants relevarituman health in accordance with the

EU air quality directives. The programme includesong other measurements, measurements of 4

primary atmospheric pollutas, namelyd dza LISY RSR LI NI A Odzf  6Sa avYl ft SNJ
diameter (PMo) along witha dzA LISY RSR LI NI A Odzf F §S& avYlfftSNI (KIy
(PMs), Ozone (Q), Qulphur dioxide (S andNitrogen dioxide (N€). The programme also monitors a

number of VOCswvhich are not only injurious to human health but alsntributing to the formation

of Ozone [12]

The measurements and model calculations are used to evaluate the air quality in relation to limit values
as wdl as to follow trends. Furthermore, the program serves as basis for determination of sources of
the air pollutantsand future projectg12].

2012 2013 2014 2015 2016
03 percentile 93.15 0.0 0.0 0.0 0.0 0.0
PM2.5 annual mean 0.0 0.0 0.0 0.0 0.0
NO2 annual mean 21 21 2.1 21 21
PM10 percentile 90.41 0.0 0.0 0.0 0.0 0.0

Table3.5 Sy Y I pédceddtage of urban population exposeddacentrations above EU standd8®

Table3. shows the percentage of urban population exposed to concentrations &hbdstandards for
seleded air pollutants such as RMPM s5,0;, for the years 2012016[32].

Yearly average 2046U limit value foair quality of N@was notmet. Meanwhile, # EU air quality
limit values for @ PM s, PMoweremet. In a detailed report for other air patants, including SOCO,
ozone, benzene, polycyclic aromatic hydrocarbons (PAHs) and heavy metals (Panddiibe EU
air quality criteria are md82]. For more on the outdoor air quality in Denmark please see appendix 1.

The conclusion that care drawn from looking alable2. And Table3. is that in terms of tackling an
overall pollution problem apart from nitrogen dioxi@enmark is at a winning front. It must be noticed
GKFG 5SYYIEN] Aad adz00Saa¥fdzZ | GuARSS ANVSEH O KR YENEP 129
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Filter standards and filter tpes

As far as the EU guideline are concermi@ehmark is doing a good job in maintaining the limit values
for PM and selective gases (apart from one; N@/hat ifa person is located in a highlyllpted city

like shanghai? QOwhat if acertainschool in Denmark wants to abide by the WHO rdgsarding
ambient pollutionbecausehey are not being held in that particular ar8diswas realized during a
LINE 2 S O indod@ IAif QusliR artl TheanEnvironment in Classrooms with Differ&/entilation
System§]45], where the during the project it was found that a school located in a Danish suburb did
not meet the WHO guidelines for clean air.

That is where ventilation, filtration could be implkoh{or other devices like air purifiery). Europea

standard calledEN 779 had been the mostdely usednethod of classifying air filters for over 20 years

(in the mid2018, a new filter standard has been introduced).Tlaeedwere 17 different filtetypes.

From G1 to F 17; higher the number the better the filtration (For details please look at agpendix

dzy RSNJ 4 KS &aSOlGA2ys WCAfGSNI GéeLlSa yR OflaasSaqQu g
On the other hand¥American Society of Heating, Refrigerating, anetdkiditioning Engineegs
(ASHRAEwas promoting the adoption 8{ I Y R NR T2 NJ aA Yy A Ydzy QOMERW Sy O0& w
both in the United States of Americl$AlF YR / I yI Rl & ¢KS&aS Uf 6SNB | NB NI
GKSe Oly Uf iSNE 2dzi &ffomi k36, hijhkdthe auihBer, thelbét@s NB NI Y
filtrationd ! f 2¢ NI y{ My & 9WxES NIJyRa YNIRA SIA3 MER diaboeJarfll £ £ & A
highSYOA Sy Oe Uf GSNJ gAff[6lNI y3IS FNRY Mo (2 mMc a9wz
¢KSNBE FNBE RAGSNByYy( I &dndSratheavBrket¥agicSFitdEGare @#mong he OK 2 & Sy
commononesinDenmark A O Uf G§SN&E N5 YIRS 2F agegedric8 A O Uo
OKIFNBSa> UoSNHf Il aa NJ ALISOALl ff& AYLINSuhgertheSR O2 G
0 (i A HitgrIypedandlasseQ [6].

l.:.l
2

It has to be noted that the focus of this report is filters classified under the old European standard EN
779a2NB ALISOATFTAOFLEfes | FAECGSNI GeLlS OFLfttSR WapQo

EN 779the Europeanfilter standardand common filters choosing
strategiesinlet andoutlet

In Europe iiters aréwere available in degrees of fineness classified from 1 to 17, with the highest
number filteringmost;for example, the filter type F1Was a filtewhereeven the smallest of the dirt
particlesare difficultto squeeze through [3]
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Generallyjt is recommended using the F7 filter clasgnlet filtersPollen, trafficsmoke combustion
particles, bacteria are then reasonably filtered (more than 60% filtereavbff@ the fan at the same
time, can easily provide very fresh airttee room|[3].

Moreover, it is recommend using at least F5 filter class for the extractiois also help® keep the
equipment clean. However,ah AHU has lheat recoverysystem e.g. rotary heat exchangend the
priority is to safeguard:ithus,increase its life spandeally, the F7 (M7) filteis preferredand using
the same filter clas®oth in supply and extractidB].

It is recommended that the filter be replaced once a year (justified in DS13779) ligaie@ic point

of view.Although, it would be argued later in the report that filters should be change not only on the
bases of time but alsan the bases of the location of a building and the type of an AHU (centralized or
decentralized)Furthermoreto keep the system balandethe exhaust filter should be replaced at the
same time as the supply air filter [3]

I O02NRAY3I (2 |TerlPedériNance aftEkeSrically2Cfidiged Filters in a Ventilation
{ & & {{3B]¥itee efficiency and pressure dropfilters made from plyolefin fibers carrying electrical
charges were compared with efficiency and pressure drop for filters made from uncharged glass fibers
to determine if the efficiency of the charged filters changed with use. Thirtyfiplasdters andthirty
polyolefn fibre filters were placed in various but almost identigdilUthat supplied external air to a
large building. Using two kinds of réiale aerosol counting and sizing instruments, the efficiency of
both sets of filters was measureepeatedly for morehan nineteenweeks while theAHUoperated
almost continuously. Pressudrop was recorded by the ventilation system's computer control.
Measurements showed that the efficiency of the gldms filters remained almost constant witime.
However, the charged polyolefiibre filters exhibited large efficiency reductiondlmost twice as
muchpressuredrops were recorded for the glafilsre filters [35].

As all the new filter are mostly madegt@sdibre it only further improves taefficiency of the filtes,

yet the setbackn terms of higherpressuredrop is already been overcome by suppliers of filter
companies like in the casefdter supplying company of Airmastexs it was mentionedybErik Bjarn

in one of the early meetgs of the project.

Thumb ruledor filter replacement

As it was mentioned iHhe project brief(tK S Ay i NP RdzOG A 2y 2 dzifaddyie G2 (K
problem statemer®@that Y dzOK 2 F G(RBLEROSY¥SY ili SAL NI G§SIAs®a | NB 2
0 K dzY 0 Qetruleg & $humb are certain guidelisein the ventilation industry based on past
experiences and commarofessionaknowledge Before reporting on the analysis of the old filters
collectedby the company Airmaster, it might be a good itteaee what sme of these strategies are

(3,

w b2NXYIf FA{GSNA &aK2ddZ R 68 OKFYy3aISR | LILINRE® 2y 0OS
w a8 O0LINBUO FAELGSNI 6STF2NB TAYS SELISyardsS FAtidSNE
w CAfGSNABR 2y &dzLJLJ & Itofdther§ekedpdza & aK2dzZ R 68 OKI y 38
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balance in the system)
wlf the fan was working at full speed all the time even to supply the minimum design flow (sound)
ulooking at the pressure drop
Some of the additional rules of thumb in terms of precautiong3jre
w a |l te%ir distibutes evenly over entire filter
w dnde of filters should be easy (er&n job)
w b2 €SIF11F3S I NRPdzyR FAfGSNI aK2dzZA R 0SS Ll2aarofSo

What could be théuture of filter replacement techniqu@s

The future ofair filtration is going to bevery different than today. The past couple of years has see
the mobile phone technologies and nano technologies to flodkigllowing this, it was iB017 when

a US based company called Breezi, in a science forum introduced a small button likeailjaghth
go a long way in assisting with filter replacemarategies. This little piece of technology is called
W1 A Nandztad & Qeen in figure 2.

Figure2. A button/pin like object callédir puls€irom Breezi

I OO2NRAY3I G2 GKS &dzLJLX A S NIsenaeyfratiohefsiinpglyypdshed tkeSsmal! A NJ t
triangular button/pin into the filter.

' OO2NRAY 3 (G2 (KS HpdradPIISSNDREAKZYE2 ARSI W! ANNI & 27
health and environmental conditions, along with onboard algorithms tcsftian the data into

information. Its differential pressure sensors track the filter condition, while readings from the
temperature and humidity sensors help determine conditions¢batd promote mold growth. It even

monitors indoor air quality and warmghen volatile organic compounds (VOCSs) such as acetone and
OFNB2Yy Y2y2EABS | NB LINB&aSylé
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It must come as an unclear explanation to the reader as to how exactly this new pgecdenofogy
works theefor an email has been written to the company adgull ¥ dzZNJI KSNJ RS Af ax | &
works. The price of this product is 30 US dollars [19]

Maintenance ofAir Handling Units

Filters also protect AHU from dust. Dosssively reduces the heating/cooling performance of heat
exchangers. Itan bumn onto the surface, resulting in awful smell in the supply air; the lifetime of heat
exchangers bearings, belts and engines are reduced, if they run dust polluted. Pratecitiregs and
their accessories from dushould also be a priority asegsy airducts are very dangerousot only are
they unhealthy and decreasing the efficiency of the systenthmit easilycatch fire [1]

Precautions when using filer

DSYSNI ff &3 gKS ybythdfdctbrintheyateWiBoutRiGedcts. Rever@eRs after a short
LISNA2R 2F GAYSI Al ikgiGedeiftyis hapgend SOK 8za 8¢ G KRR Y I NBzF t
regulations have not been followed durirggeambly or assembly $iaeen done irresponsibly. Another

reason may be that the opdian of the AHU occurs with high and forcing pressure conditions, which

can often lead to leakageound theframe [3]

As far asife is concernedjn addition to the praeisions of DS 428, "Standard for Fire Protection
Measures in Ventilation Systemi"shoutl be rememberedthatd f 4§ SNE aK2dz R y 2

O2y
RS@St2LIYSyid Ay GKS S@gSyid 27%3UNBz a ¢Sttt a G2 F

The neighbouring buildings

As menioned in the introduction, it is not only the intake of the air by the ventilation system that is
important, bu also the air that is released out to the atmosphere; for the extraction air it is important

to know how much the air is contaminated; the lee¥ G KS Rdza Gz UONBxX 1Al aas
Moreover, what are the neighbouring conditions, at what heightekiaction is taking place, the wind

conditions, the local municipality demands. But the most of abmmtioned demands play a major

role whensizing a ventilation system for an industrial sf&ile
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Merger of the MERV (USA) and EN 779(European) standards. new ISO
16890standard

As mentioned earlier, since the mid 2018 instead of a separate European and the US filter standard
there is onecommon filter standard for both WSand EU. fie new standard provides the first
opportunity for global harmonizain as itsets offto replace the two existing standarfd9].

The 1SO 16890 comes in four parts and it has been published in Decembenfad @xpected that
it will last 18 months before EN 779: 2012 will be withdrallis wasto allow the manufacturs to
adapt their current catalogueshd was also considered as a transition pei3dgdi [10]

The new international standard ISO 1688@sists of the following parf$0] [34][44]

1 1 Partl: Technical specifications, requirements and classificatistem based upon
particulate matter efficiency (ePM)

1 1 Part2: Measurement of fractional efficiep and air flow resistance

1 1 Part3: Determination of the gravimetric efficiency and the air flow resistance versus the
mass of test dust captured

1 Part4: Mnditioning method to determine the minimum fractional test efficiency

In Tabled. It can beseen how different chapters from EN 779 could be aligned to ISO 16890.

Object ISO 16890 EN 779:2012
Technical specification{ Partl Chapters 56
requirements ang

classification

Efficiency measurements | Part 2 Chapters 7,8 and 9
Definition of thegravimetric| Part 3 Chapter 10.4
efficiency

Packaging method t| Part 4 Chapter 11
determine the minimum

spectral efficiency of the tes

Tabled. 1ISO 1689parts 1,2,3,4when alligned witfEN 779:2012 cpters[36]

The newlSO16890standarddoes a far better job of accounting for reabrld scenarios and places
more focus ora humber ofparticlesthan just one As far as the testing conditisare concernegda
filter is challenged with a variety of different sizedipalate, just as it would be if it was installed in an
air AHUPMsize stretches from 0.3 pum all the way up to 10 um in a series of 121t84®1] [34].

The scale looks @he percentage of particulate removed at various particulate sizes and provides a
final classification by combining the scores. Filter ratings wsthéenas a percentage of particulate
matter removed from the air for each particleesigroup #0] [11] [34]
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Ontheotherhandd b TTd Aad o0l aSR SyGdANBte 2y | &wHich SNRa |
is0.4 um, as can be seenTiable5® LG R2SayQid aGF 1S Ayid2 I002dzyd £ f
present in ouside air. And th& &hy the testing procedure has been criticised for not reflecting the
conditions in which a filter will be expected to operate. It would not be wrong to say that the results

from the lab are notlemonstrating the realorld scenariog8] [36] [34].

En779- | Test Particle size ISO Test Particle siz in
16890 | um
0.30-0.40
0.40-0.55
0.55-0.70
0.70-1.00
1.00-1.30
1.30-1.60
1.60-2.20
2.20-3.00
3.00-4.00
4.00-5.50
11 550-7.00

12 7.00¢ 10.00
Table5. PM test comparisotior EN 779 and ISO 16898) [10] [34]

—
(¢}
(%2}
~—+

Test 0,4 pm

OO N[OOI WIN

[EEN
o

It must be noted that a direct conversion from the old filter standard to a new one @iraotly
possibleButacompanycalle® a2 FAf GSNISOKYyA1Q GKIFIG KIa 0SSy 42
than 60 years has made an attengs seen in Tablg

In regard tatable § if the filter M5 is chosen as an example, whedflects is in thecase of filtering
efficiency,ePM filter type M5 would be onl§%35%efficient. Whereas in termsof ePM sthe filter

type M5 would bel0%45%efficient and finallythe filter type M5 would be up t40%70%efficient

as far asePMyis concerned.

Filter Classes ePM1 ePM2,5 ePM10
M5 5%-35% 10%45% 40%70%
M6 10%40% 20%50% 60%80%
F7 40%65% 65%75% 80%90%
F8 65%90% 75%95% 90%100%
F9 80%90% 85%95% 90%100%

Table6. Table to help convert old filter type to new filter type according to the new stidBar

21



Numan Shakir Filtemittaring And Replacement Strategies 29May 2019

Filter classes, ISO 16890 classifies accordirfgteo groups, evaluating a filter's performance by
itsarrestanc ¥ LI NI A Of S& F NP YrgoupPM,O2Y MNRA & §a A VI BIA A Sdxt Cé
PM2sA Yy Of dzZRSa LI NI A Odzf 4025 SANET 3§38 NEHA Omzt + ViASHt e 1tSa XK
be seen inmable 7.

Filter Group t F NI AOdz F S { ] Classification Criterium

ISO ePM ndo DK E X aAyAYdzy SFFAO
ISO ePMs ndo X E X HZIplaAyAYdzy STFFAO
ISO ePM ndo X E X mn |[! SN IS STFFAO
ISO Coarse ndo X E X M Average efficiency < 50 %

Table7. The new filter standard classification method [8][23] [10] [821]

According to the new standardéa filter achieves minimum efficiencyf 45% in the PMsizerange

and 56% in the PMsizerange it does not qualify for the ISO ePfilter group, having missed out by

5 9% but does qualify for the ISO ePRMfilter group. Moreover, asuming that theverage
efficiencyachieved bya particularfilter for ePM;s is 54% the percentage s rounded down to the

nearest 5% (i.e. rounded down®9> 0 I YR GKS FAf (S NWauldbglSO e y b Of
50%]8] [40]

To be classified ffilter group ISO ePM a filter must achieve aaverage efficiencgf ePMo x50 %.
Filters with araverage efficienchess tharb0% areclassifiedunderthe filter group, 1ISCcoarse[8] [40].

The used filtersollected by Aimaster. the filter monitoring process

Whymonitor the condition of filters and replace them as sasnecessary?That isbecause logged
filters can lead to an undersupply of air, substantial loss of easnggll a®fficiency, fan noise,
reduced filter performance

The aim to monitoring and when to replace the filters is whaBAIRMASTER colld@0Ofilters, over a

period of many months. The filters afer the most collected from Airmaster&HUclients, which is

mostly consisted of offices, schools as well as private business owners such as, the local ferry, operator
local gymsetc.

There arenormally 2-3 filter padked in a sealed plastic bag with a desiccant and a slip of paper
containing the below mentioned information.

1. Lastfilter change date
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Filter collection date

the amount of running hours,

how much air flown®h it has sustaied,
Inlet/outlet type (with exeptions), room type and surrounding conditions
Serial number

Filter type

AHU type

. Building type

10. Land zone

11. If the filters, when collected were wet or dry
12. The address of the location.

©OoNOO~WDN

The process undergone to organise and collec tatescribed in detatirough pictures and small
description in appendi.

The purpose of the was task of sarand organie both filters andthe associated data in a manner
that afilter or afilter setalong withthe associated data would be relgdavailable for the resrch
purposes.

Items used for théaskwere:

Mask

Gloves

Shelves

Manila tagegManilapaper is a relatively inexpensive type of papemmonly used for tags)

PR

As a resultgach filter set in a transparent plastic bag is now labgléh a manila tag, ceng a
homogenous number that is associated with the filter number and the unit type. For example, a label
carrying a number 1.300.a, b would represent, 1 = filter numb&dd = AHU, AM 300; a and b = inlet

and outlet filter, respetively. The last parts still open to further evaluatiothe filters were initially
AAGSY |+ £ 0SSt Wi Q. THstvdslddng dn $hé basey tie faetdaQ the flaks) werdzi £ S
not initially marked as inlet or outlet filtergjat there were different sizes fétrs for inlet and outlet for

most of the AHUs and based on the side a filter could be differentiated as inlet or outlet. But the AHU
type AM 300 used same size filters ayykt for both inlet and outlet. Thereforgased on a caltated
guessthe filters chosen for the experiment 1 and 2 where examined again with professional help. As a
result,the title of the filterhas remained theame,but the filters chosen for experiment 1 and 2 are
now additionally marked as inlet and otitle

The Filter number waecorded in an excakmplate followed by the associated data, mentioned
above. In total there were filters from 12 different AHbme AH Q&4 6SNB y2 €2y 3ISNI 68
but filters were still decided to be preserved for experitaépurposes.

The totalnumber of filters added up to be 264 (for inlet and outlet =132 x2). For details, please look at
the excel template called organised filtata in the appendix 3.

23



Numan Shakir Filtemittaring And Replacement Strategies 29May 2019

Impact of relativehumidity on filters

Experimentl : Filers tested in a custom made test, i) 10%, 40% and
90% realtive humidity

The purposef the experiment vas to see if filters gain weight when exposed to different level of RH.

The locationwvas at the AIRMASTER, climatignaher; details of whichre mentioned in append&
and4.

Theequipmentused for this experiment was a scél@ LExtES bW HrtoriusQused for laboratory
solutions and able to way up to 0,01 gram.

Moreover, he filters selected were, 1.300.a, 1030, 4.300.a, 4.300.b,.3)0.a, 8.300.b, 14.300.a,
14.300.b, 15.300.a, 1%00.b, 17.300.a, 17.300.b, 29.300.a, 29.308(h300.a, 30.300.b, 37.300.a,
37.300.b, 12500.a, 12.500.b, 12.500.c. Please note thalthé typeor all the experimentsvas AM
300 and thefilter type was Nb.

Processvas to weigh the chosen used filtersairlimatic chambeat 10%, 40% and 90Rd tosee if
there wasa variation in weighfThe temperature chosen was room temperature a22legrees

Please note that before the expment began, e used fiters were &ft at 10%, 40% and 90RdHover

night, respectively firstly, all the filters were left in the climatic chamber over night at 10% and the
weight was measured the next day and recordée: same step was repeated the nebely. It was
realized thathere isno substantial weight increase. The same step was repeated for 40% and 90% RH
and it was realized that there was weight increase over the first day but not the second.

Note. Upon choosing a new filter, the reference wedgla new filter was asen to bel03.17

Figure3. On the left, he test room(climatic chamber, to test filters at different levels of RH. On thethightpld roonfor
dehumidification.
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Results from Experiment 1

For thisexperiment the resultavere very clear. All the filteexposed to the different levels of humidity
gained weightThiscan also be seen lookingTbel8 and Figure 5.

It was also aparentiewing the filter physically and looking at the dirt conteat thore clogged a filter
is (more dirt trapped in a filter) the more it is afletby RH% (the weight gain is higher).

Although it must be mentionetthat the weight gain is not as much awas anticipatedas mentioned
earlier,one of the background & of the experiment wasinvolving RH % affecting the filter/weight

as astaff members afirmaster responsible foobserving the AHU functionality and similar ¢éda
research and development purposesalized that on some occasions the pressumgpdn a system
would incease and decrease without any plausible explanation and it was presumed that it could be
becatse ofRH Butafter the first experimentRH affecting pressure drop theory was already looking
weal). (Note, it should be added that wiei conducting the experients in the case of one filter which

was very cloggedsome dirt sample seemed to get partédm the filter. Tle results from that
particularfilter were NOT used in the experimeits

Filter nr | Type 10% RH | 40% RH | 90% RH | 40% 90%
1 New 103.17g | 103.27g | 103.69g | .10g 429
2 1.300.a.i |98.37 98.65 102.66 | .28 4.01
3 1.300.0.0. | 13420 |134.60 |137.05 |0.40 2.45
4 4300.ai |104.40 |104.32 |108.96 |-0.80 4.64
5 4300.b.0 |121.10 |121.39 |123.04 |0.29 1.65
6 8.300.a.0 |103.15 |103.24 |111.15 |0.09 7.01
7 8.300.b.i |103.26 |111.18 |11512 |7.92 3.94
8 14.300.a.0 | 93.89 94.08 94.54 0.19 0.44
9 14.300.b.i | 97.05 97.30 99.93 0.25 2.23
10 15.300.a.0 | 95.75 95.83 97.58 0.08 1.75
11 15.300.b.i | 102.21 |103.50 |103.77 |1.29 0.27
12 17.300.a.i | 145.79 |149.15 |159.44 |3.36 10.29
13 17.300.bo | 14525 |14560 |14750 |0.35 1.90
14 29.300.a.0 | 128.49 |12852 |136.81 |0.03 8.29
15 29.300.b.i | 13455 |134.79 |136.95 |0.24 2.16
16 30.300.a.0 | 11250 |112.91 |118.20 |0.41 5.29
17 30.300.b.i |122.70 |122.95 |124.17 |0.25 1.22
18 37.300b.i |107.95 |108.26 |109.76 |031 1.50
19 37.300a0 |124.67 |12523 |131.70 |0.56 6.47
20 12.500.a.0 | 190.30 | 190.73 |194.22 |0.43 3.49
21 12.500.b.i | 98.37 98.65 102.66 | 0.28 4.01
22 12.500.c.i | 13420 |134.60 |137.05 |0.40 2.45

Table 8. Weightchange at 10%, 40% andd% RH
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Looking at dbel8 and Figure 5t can be seetthat in the case of filter number 1 which is a new filter
there is onlya slight weight increadeom 10% RH to 40% Ridt more form 40% RH to 90% .RFHhis
seems to follow the gae trend in the case @il the other used filters as well.

Impact of relative humidity ona filters pressure drop

Experiment 2 : Filters tested in a custom made test rig. at 10 %, 40% and
90 % realtive humidity

The purpaseof the experimen® was to see the affects of RH pressure dromnd other parameters
affected bypressure dropsuch ashe RPM of a faandthe airflow.

TheLocationfor the second set oéxperiments, theset updetails of which have been describle i
appendix, the locatbn was also Airmastein a climatic chamber)gase see figurs.

The equipmenttest rigaparatus of which presicdimensions and pictures are given in the appeadix

The processhere were a tothof 14 differenent used filterfrom the unit AM 300hat could be fitted
in the test rig (there were some odd sizes aswéllch could obviously not testedAll the filters would
be placed in a test rig for a duration e53nin Rrstly at 10% realtive humidityhan 40% and find} at
90%

The test rigalso consited ofwto airllink contrars and monitering unitgalled airlink controlle? n Q
I v R, tHemd&k blue rectangular boxess it can be seen in fiiy in the bottom left and top right
corner. The Airlink Controlleese equipped with senserto meaure air pressure difference (Digital
Differential Pressure Sensor) and detand transfer the datalfere were additional sensors detect
flow rate in ni/h , pressure drop, Volt, RPM) to a laptop.

The inlet was from thdaght, also demonstratéby an aero on the far right, pointing left. The out let
is under the fan.
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Aeasure-pipe pressure
Meas pipe pressu Filter

Figured. Drawing of the test rig setup

Using an airlink software prograimsed by Airmaster)the informationwasfurther recordeded and

assessedPlease note that the flow used for all the experimemts 250m/h as AM 300 AHU is
equipped to supply flow of up t@50-300 n¥/h. Please look aFigure 3for a brief overview and
appendix 4, for a detailed description of the gaes with pictures.

The results of experiment 2

It was the finding of the experiment 2 th&Heven at 90% did not hae a substantiampact on the
pressure drop(For a detail analysis please look at figh)re

It was visible that the more cloggedilter is higher thepressure losfor example in the case of filter
number 17.300.gressure loss due to RH (even frb@% to 90%) wasnly 30[pa). Please note this is
the worstcase scenario (17.300fi@m the right,filter marked witha black outlir). And that is one
exanple out of 1(ilters, seen in figure .

It has to be mentioned that, having a high pressure drop because of a clogged filter is one aspect of the
problem but not reaching the desired air flow rate (in the cases of 17.300.a fotehand 37.300.b
for the outlet) to accommodate the desir@dr change rate ACRis another. This simply means that

§KS LISNF2NXYIyOS 2F (KS !'1! Aa 6SAy3 O2YLNRYAASR

problem.As can be seen in figuBe

Thedata retrived throughhe experiment 2 supported the expectdabry based on experiment 1.
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Experiment 1 and ®ith graphs and description

In this chapter the graphs from bo#xperiment 1 and 2 are included. With detailed description for
some graphsnd brief for the othergraphs.
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Figureb. weight change in grams due to 10%, 40% and 90% RH

Basicallyobvios variation in weighiut not substantial,due to RH4 A detailed discission has already taken place under theShd@sult¥fromexpery Sy & mQ @
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Supply air pressure diff(SPD)/Pressure Diff across Filter(PDAF)/Supply Flow(SF)[PA]/weight/Relative Humidity(RH)
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Figure6. Pressure difference across filter as a function of weight of filters

There is a cleaelationship between weight change and pressure drop. In terms of change in PD across theddtezaches high peskOnes to notice are and 17.30hket and37.300.a,binlet

-For filter 17.300. a (inlet) the difference in RH from 10% to 98@d@iascald-rom the rightwith a blacloutline.
-For filter 37.300.b (inlet)10 pascal.

-For 8.300.autlet filter highestPD is seen at 40% RH pascals (Molstien)

-Pressure drop across filtemisticeable put the effects are negligible

AT 11 TRRRRFRY

180

160

140

N

0

N

0

o

30



Numan Shakir Filtemitturing And Replacement Strategies 29May 2019

o = == L L
AN r = % x & ¥
SlE s g g 5 S s o E
2000 3 |4 S S S = S Dirty S Clean 4
2 el > o o © @© d
ol |8 o 9 ; o o (=] =
o o o o o
al|® 8 = S 4198 ® = 8 @
(l; Z N~ ~ 412.3 - ~ ~ ~ ~
™ ™ ™ ™ © 3p9.7 - 400

387.9 388 388

388.9
2500 3781 4
- 350
2000 ' . > -
: : 2 : . £ 8 - 250

o i . : 3 : ) . ; ; > > : g 1 : i : 5 : >
L1500 5 <2 . . 8« I @ 3« _ L SR s 23 L 2

1000 2 h 466 - '

15.300.b.10%RH
15.300.b.40%RH
w
S
S}
) & PDF (Pa)

15.300.b.90%.RH

8.300.a.40%RH
%

M
29.300.a.10%RH
29.300.a.40%RH

29.300.a.90%.RH
8.300.a.90%.RH

30.300.a.10%RH
4.300.a.10%RH
1.300.a.10%RH
4.300.a.40%RH
30.300.a.90%.RH
4.300.a.90%RH

N
o
o

30.300.a.40%RH
Weight(&G) , RH

8.300.b.10%RH
14.300.b.10%RH
1.300.a.40%RH
1.300.a.90%RH
15.300.a.10%RH
14.300.a.10%RH
8.300.a.10%RH
14.300.2.90%.RH
Clean filter, 90RH

14.300.b.40%RH
8.300.b.40%RH
8.300.b.90%.RH
14.300.b.90%.RH
15.300.a.40%RH
14.300.a.40%RH
15.300.a.90%.RH
Clean filter 10RH
Clean filter 40RH

A
a1
o

‘ ' ' ‘ - 100
500 I ' 8 3 76 I 76 ‘ I ' 78 I ' 7
6.8 60 A 3 ~= 2| 59 60
7 560 © - 50
408 4 3 13 g8 4 36.5 4 8.6 40 37.9
0 0

Outlet

s RPM s RH Weight [g] at RH%—— PDAI’-I '[’blﬁt

Figure7. Pressure diff across filter, RH as a function of weight

The graph above hibits the fact that imight be more frequent for the RPM to reach higher values, when the experiment is treatddlas #manoutlet, compaed to the no. of samples taken in each scenario 15/27.

Some of the samples show a trend between the RPMedhtihand the weight dhe filter. When the weight decreases, the RPM increases. This phenomenon can bdilserenumberl5.30Q seventh fier from the left A further close
analysis of the filter (as to where it was placed; seminarievej 31, 9&@tmihation of the dirtype etc. might reveal as to why this phenomenon is occur@aposition of dirt could be an answer.

However there are also, more plausible opposite scenati@sn be noticed that the RPM increases concomitantly with thghiveln theory, the RW should increase when the weight increases, as the fan needs to

Output more work to fulfill the taskAs in the ase 0f37.300.b inlend 17.300nlet, filters fromleft, marked redand purplerectangular boxes
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Figure8. Flowrate and weight as a function of weight and RH

Comparing the flow rate with the RPM of the fan can indicate the performance of the system. The graph above exhibitshka timeehighest RPM is achieved, desired flow rate iagho¢ved in some of tHdters e.g. from the left
of the graph, filtes nr37.300.gb and 17.300.&let, marked in red and purple rectangular boXesust also be stated that the energy consumption is at the maximum, but the wished set point isiexadacThis situatioroald be
predicted in theory, considering thatcbbgged filter highly decreases the air flow through it; while achieving the high rpm, close to 2600 the max V of 1@divedasad since the system would not exceed the limitatiolOV the
desired flav could not be achieved.

When observing the Ridctor andthe flouNd 0 S F2NJ G KS aAyf Sié¢ (e atREA B %Asimor® staple ihad atyg@di A OSR G KF G Ft29
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Figure9. Flow rate and weight asfunction of weight an&H

It is observed that SPD (SPADpplyair pressure digferengéncreases when the weight increases but at the same time it also increases on occasions when the weight is notSup@Egsairgpressure difference as a fiorcbf weight.
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Figure 11. filter weight in relation tdltage and running hours
Please notgthe voltage at 106 the max:His is the max power a fan can provide. Pledsanote that filter number 17.300 @nlet, along with 37.300.a, b are @of the most cloggedtérs and yet compared to a lot of othilters

they have not been running as many hours. 17.3@0eais a filter taken from Industrivej 59, 9600, which is AIRMASTER. 37.300.a, b on the other hanchi® aeater for kidsn copenhagen in a veheavy trafic
area.Scandiagade 100, 2450. One is an office another a school, both have working hours8@Y00

The process of sorting.
Must note that the weight of a clean filter cannot be used as a reference becauseleadha a unique weiglaind this could bewk to theconstruction proceggperhaps oneilter was made using less glue, or less layers of fabric than
the other filter). A possible solution is that each new filter should be weighted before placed inlatieensystem, and theystem shoulanonitor the weight, during the cfisage time.)

Further morethe dimensions of the filters taken for the experiment migghtoo small for noticeable change. The solution mightdbese bigger filters where the lod@ntake will be

signifcantly higher.
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Dirt weight and running time
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Filter name

mmmm Dust weight @ 10 % Rh Dust weight @ 40 % Rh Dust weight @ 90 % Rh Total running hours

FigurelO. Filter dirt (separated and the running hours)

While make this graph, the reference weigha filter was choseto be 103.17. All the filters were subtracted from the reference filter. The focus was the dirt of thddiierilters weighing less than the reference filter were excluded.

Running hours (H)

Filter Setting | location Dry | Filter Filters Filters Address
Number or Type Placed Removed
Not

4.300.a | Other Small City | Dry | Inlet 17/08/2017 | 13/09/2018 | Akandevej
6, 8920

8.300.b | Office City Center | ? Inlet ? 19/04/2018 | Molslinien
Aarhus

17.300.a| Other ? ? Inlet 24/04/2016 | 30/08/2018 | Industrivej
59, 9600

29.300.a| Office City Center | Dry | Inlet ? 24/09/2018 | Industrivej
59, 9600

30.300.a| Other ? ? Inlet 20/09/2018 | Tjele

37.300.a| Other City Center | Dry | Outlet 20/09/2017 | 17/09/2018 | Sandigade
100, 2450

37.300.b| Other City Center | Dry | Inlet 20/09/2017 | 17/09/2018 | Scandigade
100, 2450

Again, tiis apparent thateven though the filte.7.300.ainlet is runring comparatively less houitsut still very clogged®7.300a. which is an outlet filter is performing ok, but tB¢.30Q b.inlet filter compared to 29.300.ialet in terms
of hours is performing far less. One explanation cdigddhat filter 29.300.awvhich is from Amasteris based on a small gigway from the heavy traffiab37.300.a outleton the other hand is based in the biggest city of Denniradn
industrial huben-rout to the airport and other major motorways.

When comparing 37.300.inlet and 29.30@.inlet, if it is presumed that both filters have almost the same dust (eihare is a difference of8 grams) filter 37.300b.inlet has donehalf has many hours (close to 36€%) than filter

number 29.30@ inlet(close to 600brs). The explanation could be th&tfilter is from a heavy traffiarea(ring road, cph) and the other is from a comparatively smaller city (AM, Aars)

As for fiter 17.300a. inlet,marked in red in the table on the rightHéhcompared to above analggbearing in mind that just like filter @0.300.a. inleit comes fromAirmasterand contrary t9.300.a. inlehas done less than half as

many hours)aplausible explanation could be that even though the location of thevilis a small city, cleto open fields but, this particular filter was not changed for almost two years and perhapsttafilsenot changed on time
especiallyn the case o& decentralized units simply getting clogged as it is consuming dustdirt over time in sane of the inlet filters traces of organic compounds was found (insects and furs).

Maybe filters close to heavy traffic area be changed twice anstaad of one
Furthermore, perhaps filters in a decentrailized B&¢d on theokcation should be change least once a yearegardless of the fact that they have done less hour. Certainly not over 20 months
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Filter weight and running time
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Figure7. Filters in relation to total running hours 37.300.b] Inlet

All the filters are included. Sorted bfficesandothers Separatiorf officesstarts from 1.300.a.
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Filter weight and running time

180

Filter weight (g)
o o

o

o

1.300.a 4.300.a 15.300.a 15.300.b 17.300.a 30.300.a
Filter name
m Filter weight @ 10 % Rh m Filter weight @ 40 % Rh . Filter weight @ 90 % Rh

Figurell. Riters running hours in othefgpart from the fact that others are doing less hours in total no other analogy has been establish as of this point.

37.300.a

=@=Total running hours
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8 2000
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a1

Filter Number Filter Type
4.300.a Inlet
8.300.b Inlet
17.300.a Inlet
29.300.a Inlet
30.300.a Inlet
37.300.a Outlet
37.300.b Inlet
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Filter weight and running time
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Figurel2. filters running hours in offices

Apart from the fact that offices are doing more hourtotal no other analogy has been establish as offthist

=@=Total running hours
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29.3M.a
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Outlet

37.300.b

Inlet

38



Numan Shakir Filtemittaring And Replacement Strategies 29May 2019

Pressure drop characteristics ohanlet filter vs the outlet and anew filter Vs the old

The aim of this experiment was,
a. To see the pressuidrop characteristic®f an inlet filter vshe outlet filter
b. to see if a clogged filter and a fresh filter have the same or diffgnesssure characteristics
c. to calculate a pressumrop for a flow outside of the data points

The Locationvas Airmasterin aclimatic chamber.
The processwvo used filters were selectednd a new filterwas te filters were run with thredifferent flows of 100, 150 and 20C*%m. Data was collected and the graphs were made

Experiment no & and resultsto see the pressure drop characteristics of an inlet fits the outlet filter

Filter Nr 8.300 Inlet and Outlet

35
iao ....... ®
9 25 ..............
e e e N N DR BT
7 AP S JUPOTT Lo
020 [ e L B
T T S SSeet L
15 ..............
’....
10
100 110 120 130 140 150 160 170 180 190 200
Flow [n#/h]
® 8.300.a.0 8.300.b.i

--------- Poly. (8.300.a.0) Poly. (8.300.b.i)

Figure. 13 Experiment & partl
In terms of experiment nr,8egarding the inlet filter vs the outlet filtewith filter nr 8.30@.0 and filter number 8.300.htiwas seen that the inlet filtg¢B8.300b.i) had a higher presse drop thanthe outlet filter. As seen in Fig 12.
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Filter Nr 14.300 Inlet and Outlet
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Figure 14. Experiment & part 2

In terms of experiment nr,8egarding the inlet filter vs the outlet filtewith filter nr 14.300, it was sador the second time tatinlet filter had a higher pressure drop than the outlet filter. As seen in Fig 14.

New Filter
30
25 @
£ 2 :
[O) ‘
> 15
[ .
o .o
a0,
5 e
0 @
0 50 100 150 200 250
Flow [n#/h]
® New Filter  ceceeeeee Poly. (New Filter)

Figure 15. Experiment & part 3

In terms of experiment nradt was seen that the new filter had the least pressurg@pdhan the used filters
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Experiment B. andresults to see if a clogged filter and a fresh filter have the same or different pressure characteristics

New filter vs Inlet filter

Pressure [Pa]

10

0 50 100 150 200 250
Flow [n#/h]

8.300.h.i 14.300.b.1 ® New Filter Poly. (14.300.b.1) cececeeee Poly. (New Filter)

Figure 16. Experiment 3 usedvs newcomparisen

In terms of experiment r8, new filter and theised filter it was observed that the used filters had a higitessure drogn comparison to the new filter, as anticipated.
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Experiment 3candresults to calculate a pressure drop for a flow outside of the data points
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Figure 17. Experiment % teg experiment

This Experiment was conductedpnder to calculate aressuredrop for a flow outside of the data poinlease note this test was done using the new filter
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VSA(Vapour Sorptionand Analyser)
Experimen4.

DescriptioriVapor Sorption Analyssa technique in which a sample is subjected to varying conditions
of humidity andtemperature and the response of the sample is measured gravimetridedfcts

the sorption/desorptionof watervaporby the meas ofthe increase or decrease in massagjiven
material(in this case dirt from the filtegs the RHvaries A picture of &/apour Sorption and Analyser
(VSA can be seen in Figure 18.

Figure 18 VVapour Sorption Analyser [46]

The ainof conductingVapourSorption Analysis on selective used filters (dust samples taken from used
filter) was to observe andetects thesorption/desorptionof watervaporby the means ahe increase

or decrease in mass afgvenmaterial(in this @se dirt from the filters the RHvaries under controlled
conditions

The locatiorat AAU

The processhe RH is firstly increased to log water adsorption, and then again decreased to log water
desorption in a VSA analyser ancaethesults are recordedhis experiment should be considered as a
follow up of experiment 1, where filters were left in a climataneher overnight and weighed the next

day. The difference is that one experiment was carried out in a climatic chambenagtér and the

other ina lab at AAU. Moreover, VSA analyser can only process small amounts of &@fteci&000

mg.

Thewater soprtion Isothers

The water sorption isotherms were achieved by testing samples in thiey\k&er Group.The VSA
altersthe RHin the environmensurrounding the sample, while at a relatively constant temperature
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of 23C The water isotherm has®Sy OF £ Odzf G SR Ay I OO0O2NRIyOS gAlGK
performance of building material and product; determination ofrtxygopic sorption propér A $7& Q 0

In the case of filter nr 21.300 inl&H is firstly increased to log water adsorption, and then again
decreased to log water desorption. As can also be observed i8.fibhis, of course, causes the
moisture contenbf the sample to increasand decrease, respectively. The VSA constantlguresa

the weight and logs it along with the RH [7]

Filter 21.300 Inlet
14 T T T T T

12} A4

- I { -
0.4 /

0.6}
/S

oal /-f”'f S

-
02+ / -~ 1

Moisture Content [kg water/kg dry mass]

_U . 2 1 1 | 1 1 1 1 1 1
0% 10% 20% 30% 40% 50% 60% T0% 80% 90%  100%

Relative Humidity

Figurel9. Sorption and desorption curves for 21.300 inlet

As it can be seen in the grapghe tes sample wasun from RHbf 7% to 95% and then back down to

3%. The dry weight of each sample was measured after it had been tested in the VSA. The dry weight is
achieved by drying the sample in an oven at 80C for several days, where after the samplis weigh
measure. For somef the graphs, it cabe see that the dry weight is slightly higher than the initial
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weight (e.g. 25. 300.intake). This could be due to a number of reasons: [7

Filter 25.300 Inlet
T T T
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Relative Humidity

Figure20. VSA results filter number 25.30€ake

1)ThesampleisQli O2YLX SiSt& RNE® T8
2) There is a difference between the scale in the VSA and the scale used to measure the dry weight. [7]

3) The process of drying the sample has affected the composition of the sample (this is unlikely at the
given tempeature) [7]

One of the hurdles with the measurements was also the sample weight and sizes. The VSA prefers to
use samples between 500 to 5000mg. However, it was difficult to extract this big a sample from the
filters, presumably due to the logensity ofthe dust. Mt of the samples only just reached 50mg (the

bare minimum necessary to run a sample tggt)
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21.300 Inlet 25.300 Inlet

Figure21 VSA sample pictures from 4 different filters

As it can be seen from the graphs in figu®@dd 20, there is a relativeljigh moisture content uptake
of dust samples. When the moisture content is 1 kg water/kg dry mass, this means that the water in
the sample weighs just as much as the sample itself. Or in other words, the sample has doubled in
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weightdue to moisture content Filter sample moisture content results range from 0.9 to 1.7 kg/kg at
BWRH.FYOKF GQa || f20d ¢KS Y2Aaidz2NE O2y (iSyd dzadz ffe

Figure22. A filter dirt sample wh organic material

On te other hand, the dust texture seemed different for the different filters, despite showing similar
results. Some (from the inlet filters) in particular showed organic material (e.qg. ifiBects)
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Cross nalysis of the Climatichamber experiments anthe VSA
experiments

Inlet Filters
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Figure23inlet filters on the left and outlet on the rigita VSA lab test

Inlet filters reach moisture content: from 100% up to 180 %, this isNolat: Filter 30.300, the sotipn
isotherm is a produmf 3 step RH% (2%0% in 3 steps, contra the rest; which are achieved at 3% RH
steps (almost 33 steps).

Outlet Filters
T T T

T
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Outlet filters reach moisture content: from 50%, up to 100/B& mass increase from 3860% is
20% The mass increadeom RH 60% to RH 95%ohighly noticeable. Supports Climatic chamber
experimentsThis relates to the composition of the sampldsat is, the pore structurave are dealing
with an isotherm type III.

Weight change due to RH

170
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150
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II || || i “ || | “ I “ “ “ “ II
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’b ' D B ' B ' D
09 %00 %00 ,,90 %00 OO@Q %00 vo,°° %00 %@Q ,\09 ,,90' %QQ ,,90 07,0 ,,)QQ «7,0 ,,)QQ

m 10%RH m 40% RH m 90% RH

Figure 24. Experiment 1 where used filter in alimatic chamber were subjected to varing RFlease note that the weight
on the y axis is starting from 80 grams.

A clear observation in the climatic chamber experiment with regard to the chaRbing that the

weight increasdrom 10% to 40% is appart but the weight increase from 40% to 90% is highly
noticeable. The similar pattern is observed in the VSA. (The pore structure and thereby the surface area
of the sample influences how much moigtwan be adsorbed/desorbed).
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Recommendationdor filter replacmentstrategies

As a filter becomes clogged, its resistance to airflow increases. In a system in which airflow is kept
constant, this leads to a rise in differential presammss the filter bank. Because fans ofbeopel

less air as alfer becomes impeded, airflow changes as a filter progresses from a clean state to an
obstructed ond47].

One of the mairfocus of this thesis was to recommend proposals that can help facilitate when to
change filters Although,when to change a filteisinotas easy asne solution fit all scenarso In
general, filter replacement could perhaps follow somegateguidelies butfor the mostfilter
replacement recommendations should be part of a manufacturers AHU sellittgnguidelinesas
factors sich as the season, homeowner behavior, and the location of each filter detefmine
frequently they needd bechanged

Duingthe research for this thesis it was realized that one off the problems with filter replacment was
the fact that it is simplyforgotten. According to the US Department of Engiip@B fewer than 30%

of Americans change their filters on schediéeen homeowners who changed their filters regularly
are not changing them at the right tif@. This could be avded by:

Qubscribing aservice contractvith the company that is installing # AHU.This is in particular
recommended foprivate home owner$ & (KSe& R2y Qi KIF@S | 2FyAd2N
service and maintanancé)he AHU companies with tlrecentive of, keeping austomer happy and

making money, should make sure tha filter is changed on timepend well planned service letters

to their clientssuggesting a filter change.

A janitor among other things, should also be appointednonitering air filters at munidple and
company homs, schools or officesThiscould be doneon a monthly basisntil a trend has been
establishedAs the usage can differ depending on the season, usage and location.

While above mentioned solutions could takeN&& 2 F (1 K S artVoF thelgdblién, belaQ LI
mentioned sloutions mig help in determining when to replace the filters.

Pressure switcheshich indicate when a certain predefined pressure value is excééded

Differentialpressure sensorfer exampe sensostype SDP&0 Sriesused in experiment &een in
figure 4could be used to trigger a predetermineff-set valueWhen the value is breached an alarm
or a display lightouldturn on, indicating time for a filter change. An exale of high presse drop
can be seen ifigure 7 in the case®f 37.300.binlet and 17.300 inlet filter$rom left marked in red
and purple rectangular boxeshe same method is also recommended in an article ctBledeof
the-Art Flter MonitoringQ = 6 & | yaRmiM&ndel Eciastejy7].

Flowsensordor example the sensors used in experimerarza(€nsirionSFM3000 digitdlow
meter), could be used to measure flolka required flow is not achieved an alarm ciadet of or
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adisplay light turned arThesame method isalsocY YSY RSR Ay |y lofN@@ArOt S OF €
CAfGOSNI a2y AlG2NAY3IQT o6& ! yRNARASA .2aYl |yR al ydsSt

The example of flow rate not being reached could also be seen in Figure 8. e.g. from the left of the
graph, filters nB7.300.a,b and 17. 300.alet, marked in red and purple rectangular boxdgere
evenwith the highest RPMdesired flow rate is not achieved

According to the articlél{ Gdf the NI CA f ( S Nde an@st/akdiratélAltgf ToOnkoring is
accomplishedvhen both pressure drop, ahflow are measured to determine changes in pressure
across a filter in relation to airflowx few other methodscalled optical systems, through which the
discoloration of alter is measured, and dukiad sensors, which measuttast concentration base

on the triboelectric effecalsoin use.But the article states that thesare complex and costly and not
suitable for highvolume applicatior{d7].

Fan characteristicgswasmentioned in a meeting thaAirmasteteamlooks athe fans charateristics
to recommend next filter chandi was further added that more cannot be said as it is a trade secret)
Perhaps that fan reading can be ugedetoff a lightindicating a filter change.

Set number of houran dert on a set omber of hoursould beanother option (specially interms of a
location in a polluted climateas mentioned on page 35 regarding FigureTh@t locationplays an
integral role in changg the filter It was further recommended that filters in high trafiea be changed
twice ayear rather than one.

Decentrailzed AHftilters in a decentrailized AKlkhould be change at least once a year, regardless of
the fact that they have done less hour.

Particulate Matter sensorusingfor exampleSPS30 particulateatter (PM)sensor by sesirion Which
simply tells if the inside air in the room is too contarmedatould be another option to know as to
when to change a filter.

Findings

1.Both climatic chamber and VSA results showed that there was acotealation of RHand used
filters. Although, acording toexperiment 1 overalleffect in the weight of filterseven at 90% RH did
not increase as anticipated

2. A clear observation in the climatic chamber experiment with regard to the changing RH is that the
weight increase from 10% t40% is apparent but theveight increase from40% to 90% is highly
noticeable The similar pattern is observed in M8A(The pore structure and thereby the surface area

of the sample influences how much moisture can be adsorlesditied).
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3. The result®f experimentl were also reflected iexperiment 2 where it was furthepbservedhat
the pressure difference due to the low to high RH (90%) is negligible.

4.The inlet filter weighs more than the outlet fili¢ghe physicabbservation waalsosupported during
the VSA testand experiment 3a.

5. Filters irdenselypopulated areas aridr highly traffic areas, and perhaps schools, should be changed
at least twice a yedin DS13779t only justifiedto beone year)

6. It issuggested to uselaigger size filter e.grom a unit AM 500 or AM 800 as the proportion of dirt
would be higher to a new filter of the same unit. This could also further facilitate the process of VSA
experiments; VSA prefers to use samples betwedh t5 5000mg(It was dificult to extract this
guantity of sample from the filter).

7. Although not fully testelut the only eperimensadding water ta cloggedilter and analysing the

pressure drop in theustommadetest rigpointed in the directionthat indicate that theWrzxplained

LISF1aQ Ay GKS LINBAadzNS RNRight bgdugitgaBwaieSR 6& GKS | AN
Future recommendations:

Conducting an experiment at Airmaster, in a chosen room, with e.g. AM 300 unit installechiiimgt
atest with a new filteover a certain period of time and then witftogged filter and finally with very
clogged filter. Recording the results using a professional Particulate Me¢esim of this experiment
would be to determine if a cloggéitter A f G SNDa Y2NB 2NJ f Saao

Gonclusion

Acoording tadDOE, clogged air filters forééiUsystems to use up to 15% more energy to maintain a
comfortable temperature. Clogged filters also increase the strain okHhisystem itself, which is why

9 out of 10AHUequipment failures areetated to dirt buildup, according to the Cooperative Extams
Servicewhich ids anextension agencgf anexecutive branch of the federal gomerent [9]

It does raie aquestionas tohow come something that is associatethvéome of the very important
factors of life, namely, health and money can be neglected for such a londNeweechnological
ONBI {0dKNRdzZAKA fcampénysikéibrediNialdz=rtaitg Qstef iNEn right direction.

RHhasan effect on objectandhumans and could have a profound effect on machines; depending on
the climatebut as far as this project was concerratd contraryto a highly anticipated spectilan,
RHdid have an eéct on the weight of the filter and therpssure drogut not to an extent that would
have a profouneffecton energy bills.
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Overall it was a very interesting, practical and ambitious project. Ambitious in a sense that ssksral t
associated with-3 experiments were planned to kexecuted in a very short span of time which is also
understandable given that a similar experiment had not been conducted in the past

Lastly and ideallynstead of the focus on pressure drop so mudiecause iteffects the power
consumption, the focus shild rather be on changing a filter due to the health implications. Imagine
being in an environment where clogged filter is not only providing polluted air, but at the same time it
is not providing tk required aiflowrate, asit has beenhe in the two casesof the experimen{17.300.a

and 37.30( both inlet filte). To make matter worsevhat if this environment happens to yeur

own office anda daycare for childrefd As it isn both the cases.
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Future Experiment Protocol

While organising the filter stock and running the experiment there were a lot of things it was realized
that there were a lot of steps that can be improved both in terms of filter collecting process and the
experiments.

A.

C.

One of the vey first recommendation towas future filter collection strategy would be that all
the filter when put in the AHU, should be weighed. As it was realized, while conducting the
experiments that a used filter e.g. 14.300.a, b regasdéd doing 1900 hrs witaflow rate up
to 250n¥/h weighed less than a new filter. This was also seen in some other examples. This
means that filters do not have a standard weight, which is a big obstacle in evaluating precisely
how much dirt the used fér have consumed.
Moreover, it is also crucial to igh the filters as soon as they are taken out of a unit and placed
in a plastic bagecause somef dirt and pollutant materiadre going to be separated frothe
filter.
Another important note that ha® be made is that alhe nlet and the outlet fikrs should be
clearly marked. Specialljthey are the same size. In one of the meetings with the supervisors
it was brought up that normally filters weighing more is considered to be the outleafilteis
getting rid ofa la of moistures in termsf latent heat But to contradict this theory during the
experiments and observations of the filters it was realized that the presumably (outlet)
WgSAIKAY I Y2 NEB QouggddiingeStNanKsodiimey vbidvitrs triagiokinside
them, so it has tde inlet filter.
This brings the focus on a very crucial aspect regarding any future study with the used filter and
that is the health aspect of the student or a person who is conducting the experiment.
1. Df  aaSa | yRhavdlinghandriéngdudtingth& experimentas every time you
are breathing out you are clouding the glasses.
2. Gloves do not work when you have to lift up the bag with the filter, spot the slip that is in
the bag, carrying all thdtér data and move thdataon to the laptop. weang gloves.
3. After a while, both the mask and glovasg notpart of the health precaution as it was
delayingthe work process.
4. More than 300 hundred used filters in a room with carpet, some filter bagsaaing live
bugs. Sombags are not evesealed and even the ones that are sealed have to be opened
sometimes to retrieve the filter data slip. All of this does not add up to be an ideal working
environment. A specialized AHU with the focus on extragtimperly sealedbags ad a
room without @rpetcould be a possibility to tackle this issue.
5. The situation worsens when the filters are moved to the climatic chamber. The heavily
polluted filters are out of the bags in the open, fully exposed to the amaRH from 10%
to 90%.To ensure auniform humidification process across the 2m x 7m room the duct
design is distributing the less humid and humid air very efficiently. There is a small damper
that opens up to the cold room that is facilitating the dehdifimation process butpart
from that, one is pretty much trapped in the above mention environment, for hours.
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6. The sound from the test rig fan, the humidification process (the fan used to blow the air
and extraction fan for the dehumidification), the wafmp, create a very siracting
environment. Specially if point number d5 and d6 are added together. Some ear plugs were
provided for the experiment, but they do not even come close to providing the desired
comfort and focus level, to perform the expeeimts. Professional sourmdockers sbuld
be considered to counter the sound problem.

7. Since it has been established tRithas a very little effect on filter performance (in terms
of pressure drop) it is suggested to have a room with very good extracsibiities to
conductanyfurther experiment of similar manner.

E. One of the goals of this experiment was to conduct experiments evaluating thefedféfitial dust
on the filter. It is a recommendation to incorporate the new filter type (gla®y fitio the experiments
aswell fora more realistic comparison.

F. It is recommended to conduct experiment adding water to filter to see how the system reacts
especially considering the fact thatmasterspecializes in AHU that are decentralized amibaduct

work which meas that the flters are located very close to the external grill used to intake fresh air
thus also close to the filter.

G. Itis recommended not to use airlink alpha software as it does not allow to store the logged data.

H. There ws another ambitious gbdor this poject. And that was to clarify a theory which has
opposing opinions in the intellectual or the professionals related to ventilation and air filters and that
is if a used filter, filters more or less. An experiment withst rig in a van intaaffic orientated area

along with a particulate counter was suggested to pursue an answer to the-rmeotiened
speculation. Although another option could be to use a room at AIRMASTER, with for example and AM
300 or AM 500. Fitsun the unit with a ne filter andthen replacing the filter with a very clogged filter

(from the used filter collection), detecting and logging the results over a certain period of time with a
professional particulate counter, and seeing the outcome.

I. For practical reasonsantioned abawe, it is recommended that this or similar project be conducted
by at leastwo people.
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Appendix 1

Detailed report by the Danish Environmei@ahter

dThe sodium content in PM10 on stretdtions was about 1.6 g3 corresponding to an estimated
annual salt content (NaCl) of about 4.0 pg/m3 . High diurnal values of salt were observed during periods
with winter salting of roads. The annual limit valueN®2 (40 pg/m3 ) was exceeded at cireet

station in Copendgen (H.C.! y R S NRdblgv&xd), whereas no exceedances were observed in
Odense, Aalborg and Aarhus. The NO2 concentrations have decreased from 2014 to 2015 for most of
the stations. At H.@QnR S NBEBSyle@sdd (HCAB/1103) therene still elevated conegrations of NO2
compared to the situation before 2010 due to a permanent change in the traffic lanes at the street
segment in front of the measurement station. Additionally, there has beeadaally decrease in the
concentrationgluring the last yearsipaallel to the decrease observed at Jagtvej. 6 Model calculations

at selected streets in Copenhagen and Aalborg indicate that the limit value was exceeded at 9 out of
98 calculated streets i@openhagen but not at any streetsAalborg in 2015. The nubar of street
483ySyia 6AGK Y2RSt OFf OdA#  iSR SEOSSRIyOSa KI &
WeKS 21 2yS tS@Sta Ay uwHnmp 6SNBE 2 yervédhoSthezavedg@E t SIS
o0zone concentrabn. The information tleshdd of 180 pg/m3 was not exceeded in 2015. The target
value for the maximum daily 8 hours mean ozone concentration of 120 ug/m3 was not exceeded, but
the longterm objective for this parametewas exceeded at all Danish statiombe laeong term
objective has not entered into force. Measurements of volatile organic compounds (VOCSs) at the urban
background in Copenhagen showed concentration levels between 0.01 pg/m3 and 0.75 ug/m3 for the
seleced 17 different compounds. VOCs carnt as ozone precursors,nd the aim of these
measurements is to improve the general understanding of the ozone formation on a European level.
The formation of ozone in Denmark is in general small due to moderate adikziion. The ozone
pollution in Denmik is to a large exterihe result oflong-distancetransport of pollutants from other
European countries south of Denmark. The levels of SO2 and heavy metals have decreased for more
than two decades and are now faride the limit values. The limit valules benzene and CO anet
exceeded and the levels have decreased for the last decade. Measurements of concentrations of
particle bound PAH were performed at H.G/ R S NBo&lgtddi Copenhagen and at the suburban
measurement station at Hvidovre. Theseage concentration ofdnzda]pyrene was 0.29 ng/m3 and

0.25 ng/m3 at H.AQ. y R S NBoSlgv@&diand Hvidovre, respectively. The target value for benzo[a]
pyrene (1 ng/m3) was not exceeded in 2015. Measurements oh#mical content in PM2.5 showed

that the annual average coestrations of NH4 +, Na+, K+, Mg2+, QI03-, SO4 2are very similar at

the street station at H.G. y R S NBoGlgi@diand at the rural station at Risg. The main difference
between the twostations are for elemental carbon {EGrganic matter (OM)ral G2+ where the
concentrations are higher at the street station compared to the rural background station. This is mainly
due to emissions of these compounds from the traffic in Copenhajddh.
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Further explanation

oPollutants neasured in the network ® ard partly NO2 are formed by combustion at high
temperatures. The main sources are power plants and traffic. At the street stations the traffic is the
main source. The application @dtalytic converter in the exhaust reduces émission considerably.

NO isrelatively harmless, but NO2 can cause respiratory problems. Most of the NO2 in the urban
atmosphere is produced by oxidation of nitrogen monoxide (NO) by ozone (O3). The witidade

place immediately, if sufficient O8 present. O3 is ofterhé Imiting component for a complete
oxidation in the street canyons, but practically all NO is oxidised at the urban background and rural
stationg. [11]

Within a few hours the NO2 farther oxidised to nitrate and/or nitric acidhich may cause acid
precigtation and eutrophication. NO2 is a toxic gas, which may cause respiratory problems. There are
limit values for the allowed concentration of NO2 in the atmosphere. O3 is fornmmtbtnchemical
reactions (i.e. by the influenad sunlight) between nibgen oxides and volatile organic compounds

0+h/ Qavd ¢KS +h/ Qa OlFly 06S 2F ylLGdaNIt FyR IyiKNERI

Denmark originates from sources outsitle tountry[11]

Usually the highest concentrams are found at ruraindurban background sites. O3 is removed by NO

at street level. O3 is a toxic gas, which may cause respiratory problems and damage on crops and

forests. There are stalled target vales for the concentration of O3 in the atmosphelThe main
source of C@n urban air is petrefuelled cars. The CO is formed due to incomplete combustion. The
application of catalytic converter in the exhaust reduces the emission considerably. CQl@awbpnly
removed from the atmosphere. CO is aitaas that may preveithe uptake of oxygen in the blood.
There are limit values for the allowed concentration of CO in the atmosphere. Benzene is present in
petrol. It may also be formed in engines due tmmplete combustior11]

Since 1994 the benzercontent in petrol habeenreduced by up to a factor of 5. The concentration

in the atmosphere has been reduced correspondingly. Benzene is a carcinogenic gas. There is a limit

value for the average conteity (G KS | Y23 LIKSNS ® adenfid thdak. BavEAB v
of these are emitted by incomplete combustion in e.g. engines and wood burning stoves. Several of the

* |

+h/ Qa | NBE OFNOAYy23ISYyAO0d ! GGk NBSG divefind2804 foh & A Y LI

Benzo[ajpyrene as indicatofor PAH (Polycyclic Araeic Hydrocarbones). 65 The main sources for

PM10 and PM2.5 are combustion and resuspended dust. PM are also produced by chemical reactions

in the atmosphere e.g. oxidation of nitrogdioxide, sulphur dioxide and VOC. The submigasticles,

which are fomed by combustion and chemical reactions in the atmosphere, are suspected to be the
most harmful for the health. There are still a lack of knowledge about the connection between health
effects and particle size. Limit values far BM10 concentration ithe atmosphere are implemented

at present. PM10 and PM2.5 is measured using three different methods in the monitoriong program:
[11]

1 The Beta method: The particles are collectedilters for 24 hours intervals. The mass onfttiers

is automatic degrmiy’ SR 0 & Y S| & dzZNB Y Sy (i d@bsdrpfion in khé filtdr yith Sahpled S v (i
dust. This method is considered to be equivalent to the reference method (EN 12341:1999 and
EN149072005).[11]
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9 The LVS method: The particles aollected on filtersor 24 hour intervals by a low volume sampler
(LVS). The mass on the filters is subsequently determined in the laboratory by gravimetric
measurements of the dust. This method is the enirreference method for the determination dfe

PM10 or PM2.5 mass meertration of suspended particulate matter in ambient air (EN 12341: 2014,
into which the previous standards for PM10, EN 12341: 1998, and for PM2.5, EN 14907:2005, have
been merged)[11]

1 The TEOM method: The particles are gbmiz2 dza f & O 2tApENSRI 2R CAYE 1 G y I YA
(TEOM) and heated to 50°C. During heating volatile compounds may evaporate. The loss will be most
LINRYy 2dzy OSR FT2NJ daS0O2y RI N& nitfaté RE @ilts aré giverewithiatimg’ A y 3 |
resolution as ¥hourly aveages.[11]

There are a number of different heavy metals (HM) in the atmosphere. They are emitted from e.g. coal
FYR 2Af FANBR LIR2GSNI LI I yias galsébé &nittedfrom tyafiddlield 2 NA |
to wear on enies, tiresand brake pa.{ SOSNI f 1 aQad INB G2EAO S@Sy Ay
also carcinogenic. A limit value is implemented for lead. Target values are values are implemented for
arsenic, cadmiumnickel and mercury. WHO has proposed guideliakies for the toxic nen
calDAy23SyA0 YR SaGAYIFGSR tAFS GAYS Nrala FT2N (K
by burning of fossil fuel and biomass. The SO2 is oxidised in the atmosphettictapa sulphuric

acid and sulphate. The cargion time depends strglyon the temperature and humidity in the air.

Lid A& GeLmnolrtte 2F GKS 2NRSNI 2F 2yS RI@&od { dzf LI d:
sulphate causes damage to séiusi ecosystems. Since the beginning of theml@i KA S& (G KS NBR
of subhur in fossil fuel and improved flue gas cleaning has reduced the concentration of SO2 with one
order of magnitude. SO2 may cause respiratory problems. There are limit valubke fdlotved
concentration of SO2 in the atmosphé [11]

61



Numan Shakir Filtemitlaring And Replacement Strategies 29 May 2019

Appendix 2
Air filters for removing Volatile Organic Compounds

VOCs, or volatile organic compounds, are a specific type of organic compound that can lead to mild or
severe healtiproblems in humans. VOCs are very common indoorsrkplaces, houses, andhods.

Many industries, such as photography, chemical manufacturing, dry cleaning, copying or printing, and
work with petroleurbased products, have regular high exposure tosviQg]

SOQUTrces

Note: All of these products release organic compounds while you are using
them, and, in some degree, while they are stored.

Table9 VOCL3
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Fiter organizing process

1. The first day at the Airmastgio observe the used filter stock.
\. ‘% h |

A

AN
> |
|
»
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3. Shelves were ordered and put together inagijping room.

4. Filters labeled

5. Filters finalystocked. It was a veryme consuming process because as there was only one
person doing the jokit was physically challenging. Forexample, picking up the filter bag with
the info slip readingeadingdata and typing it in the excel with the mask(ghsses getting
moisty)and the gloves. Along the way the glovesl mask were simply dragl as they were
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lagging the proces&n the other hand after finishing the organising part of the stocked filter collection
(on thelst of NOYthe next stepwas tosee how far thework onclimatic chamber is at and work on
making a test rig for the experimehiasdiscusedat , with the supervisois
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Excel print screens for The Filter data
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FILTER
RUNING
1 *No Filter type Product type S/N HOURS Building  Area Inlet/Exust Roof/Wal Date Address
2 11508 M5 AM 150 167 3200 Class room Small City 2 wall HAHABEARE Randers
3 11506 MS AM 150 167 3200 Class room Small City 2 wall ##RARRARE Randers
4 2.150.8 M5 AM 150 165 3200 Class room Small City ? Wwall #it#fiRiA Randers
5 2.150b M5 AM 150 165 3200 Class room Small City 2 Wall Anuasnnss Randers
6
7 * This is the 1st version of data collection template
8 May be the filters should be weighed right after they are takes out of the unit
9 * in the No box means all the numbers are have a star
10
n
12
13
14
File Home Insert Pagelayout Formulas Data Review View Help Foxit PDF Tell me what you want to do & share T Comments
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1 No Filter type Product type S/N _Filter running hrs Default air flow in % (sw v.4.6 og ned) Running H/Week (sw v.4.6 o Iding type land zone Wet or dry Inlet/outlet Last Filter change date Collection data Wall or Roof Desiccant Adress.
2 11808 s AM180  421DNA 0% 45 Offiee city Dry ? DNA 24/09/2018 Reof yes Industrive] 59 9600
3 11800 M5 AM1B0  421DNA 30% 46 Office city Dry ? DNA 24/09/2018 Roof ves Industrive] 59 9600
4 21805 M5 AM 180 552 DNA 20% 47.5 kontor City Dry ? DNA 24/09/2018 Roof yes Industrivej 59 9600
5 21805 M5 AM 180 552 DNA 80% 47.5 kontar City Dry ? DNA 24/09/2018 Roof yes Industrivej 59 9600
6 31808 M5 AMIBO 434 *47.5[per week)? 50% 47.5 kontor City Dry ? 26/04/2016  24/09/2018 Roof yes Industrivej 59 9600
7 31800 M5 AMIBO 434 *47.5(per week)?) 50% 47.5 kontor City Dry ? 26/04/2016  24/09/2018 Roof yes Industrive] 59 9600
8 41808 M5 AM1B0  432DNA 0% 47.5 Konor City Dry ? 26/04/2016  24/03/2018 DNA yes Industrive] 59 9600
9 4.180b Ms AM1BD 432 DNA 0% 47.5 Kontor City Dry ? 26/D4/2016  24/09/2018 DNA ves Industrivaj 59 9600
10 51808 W5 AM180 532 DNA 75% 18 Kontor Suburb  Dry ? 17/04/2018  17/09/2018 wall yes Industrive] 59 9600
11[5.1800 s AM180 532 DNA 75% 18 Kontor Suburb  Dry ? 17/04/2018  17/09/2018 wall yes Industrive] 59 9600
12
13
14
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d fiters, final
File  Home Insert Pagelayout Formulas Data Review View Help FoxtPDF O Tell me what you want to do 4 Share
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Copy - -
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Clipboard n Font = Alignment I Number ® Styles Ccells Editing
ATL - 37.300.a
] c D E F G H ! J K L M N 3
Defaultair  Running Fitter Wall or
Filter running flow in% (sw  H/Week (sw Last Filter Roof{H Or

1 |Filter type Product type s/N hrs v.4.6 ogned) v.4.6ogned) Building type land zone  Wet or dry Inlet/outlet change date  date Al Desiccant Address
2 M5 AM 300 202839 60% . 72 Other 17/08/2017
3 M5 AM 300
4 M5 AM 300 AM300457 50% 50 Office City Dry Inlet 26/04/2016  24/09/2018 wall yes Industrivej 59, 9600
5 M5 AM 300 702136 1520 7 ? Other Small city  Dry Inlet 06/03/2018  24/09/2018 Roof Yes seminarievej 31, 9681
6 M5 AM 300 702136 1520 7 ? Other Small city  Dry Outlet 06/03/2018  24/09/2018 Roof Yes seminarievej 31, 9681
7 M5 AM 300 202837 7 75% 72 Other Small city  Dry inlet 17/08/2017 13/09/2018 Roof Yes Akandevej 6, 8920
8 M5 AM300 202837 7 75% 72 Other Small city  Dry Outlet 17/08/2017 13/09/2018 Roof Yes Akandeve] 6, 8920
9 M5 AM 300 202839 7 60% 72 Other Small city  Dry Inlet 17/08/2017  13/09/2018 Root Yes a
10 |m5 AM 300 202839 7 60% 72 Other smallcity  Dry Outlet 17/08/2017  13/09/2018 Root Yes Akandeve] 6, 8320
11|ms AM 300 202836 ? 60% 72 Other smallcity  Dry Inlet 17/08/2017 13/09/2018 Roof Yes Akandeve] 6, 8920
12 |ms AM 300 202836 ? 60% 72 Other smallcity  Dry Outlet 17/08/2017  13/09/2017 Roof Yes Akandeve] 6, 8920
13 | M5 AM 300 202835 ? 60% 72 Other smallcity  Dry Inlet 17/08/2017 13/09/2018 Roof Yes Akandeve] 6, 8920
14| M5 AM 300 202835 ? 60% 72 Other smallcity  Dry Outlet 17/08/2017 13/09/2018 Roof Yes Akandevej 6, 8920
15 |ms. AM 300 704502 2300 7 ? Office City center  ? Inlet ? 19/04/2018 Wall Yes Molslinien Aarhus
16 | M5 AM 300 704502 2300 7 ? Office City center  ? Outlet ? 19/04/2018 Wall Yes Molslinien Aarhus
17 M5 AM 300 702012 4250 7 ? Meetingroon Suburh ? inlet ? 04/07/2018 Roof Yes Langenaes Alle 18, 8000
18| M5 AM 300 702012 4250 7 ? Meetingroon Suburb ? Outlet ? 04/07/2018 Roof Yes Langenzes Alle 18, 8000
19 | M5 AM 300 701935 3400 7 ? Class room  Small city 7 nlet ? 24/04/2018 Wall Yes Radding friskole
20 M5 AM 300 701935 7 ? ? Class room  Small city 7 Outlet ? 24/04/2018 Wall Yes Radding friskole
21 M5 AM 300 704499 1800 ? ? Office Ciry center  ? Inlet ? 19/04/2018 Wall Yes Molslinien Aarhus
22 \M5 AM 300 704499 1900 ? ? Office City center  ? Outlet ? 19/04/2018 Wall Yes Molslinien Aarhus
23 |\ms AM 300 703287 5300 ? ? House Country  ? Inlet/Outlet? 24/08/2018 Wall Yes Honlslet?
) AM 300 700517 ? 40% 60 Other City center  Dry Inlet 20/09/2017  19/09/2018 Wall Yes Scandigade 100, 2450
25 M5 AM 300 700517 ? 40% 60 Other City center  Dry Outlet 20/09/2017  19/09/2018 Wall Yes Scandigade 100, 2450
26 M5 AM 300 704493 1900 ? ? Office City center  ? Inlet ? 19/04/2018 Wall Yes Molslinien Aarhus

“ ...| Sheetl | Sheet? | Sheet3 | Sheet4 | SheetS | Sheeté | Sheet? | Sheetd | Sheetd | Sheetl0 | Sheetll @ ‘
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27 M5 AM 300 704493 1900 7 ? Office City center 7 Outlet ? 19/04/2018 Wall Yes Molslinien Aarhus
28 M5 AM 300 706640 1460 7 ? Other Small city  Dry Inlet 08/03/2018  24/09/2018 Roof Yes seminarievej 31, 9681
29 M5 AM 300 706640 1460 7 ? Other smallcity  Dry Outlet 06/03/2018  24/09/2018 Roof Yes seminarievej 31, 9681
30 M5 AM 300 ? 1530 7 ? Other Smallcity  Dry Inlet 06/03/2018  24/09/2018 Roof Yes seminarievej 31, 9681
31 M5 AM 300 2 1530 7 2 Other smallcity  Dry Outlet 06/03/2018  24/09/2018 Roof Yes seminarievej 31, 9681
32 M5 AM 300 AM 300.1701 2860 7 ? Other ¥ ? Inlet ? 30/08/2018 Roof yes Industrivej 59, 9600
33 M5 AM300 AM 300.1701 2860 7 ? Other ? ? Outlet ? 30/08/2018 Roof yes Industrivej 59, 8600
34 M5 AM 300 700521 7 70% 50 Class room  City center  Dry Inlet 20/08/2018  19/09/2018 wall yes Scandigade 100, 2450
35 |M5 AM 300 700521 ? 70% 50 Class room  City center  Dry Outlet 20/08/2018  19/09/2018 wall yes Scandigade 100, 2450
36 M5 AM 300 700512 ? 0% 50 Class room  City center  Dry Inlet 20/09/2017  19/09/2018 wall Yes Scandigade 100, 2450
37 M5 AM 300 700512 ? 0% 50 Class room  City center  Dry Outlet 20/09/2017  19/09/2018 wall Yes Scandigade 100, 2450
38 M5 AM 300 706419 2010 7 2 Office smallcity 7 Inlet 06/02/2018 wall Yes Nettoline 2vej 33, Randers
29 M5 AM 300 700514 ? 70% 60 Other City center  Dry Inlet 20/09/2017  19/09/2018 weall Yes Scandigade 100, 2450
40 M5 AM 300 700514 ? T0% 60 Other City center  Dry Outlet 20/09/2017  19/09/2018 wall Yes Scandigade 100, 2450
41 M5 AM 300 703324 (v.5 0g 0p)500 ? ? Class room  City center  Dry Inlet 10/04/2017  18/08/2017 Roof Yes Baunegrdsve] 85,4040
42 M5 AM 300 703324 500 7 ? Class room ~ City center  Dry Outlet 10/04/2017  18/08/2017 Root yes Baunegérdsve] 85,4040
43 M5 AM 300 3007452 3300 7 ? Other ? ? Inlet ? 19/08/2018 Roof ves Tiele
44 |Ms AM 300 3007452 3300 7 ? Other ? ? Qutlet ? 19/09/2018 Roof yes Tiele
45 M5 AM 300 7004872 ? 40% 60 Other Suburb Dry Inlet 20/09/2018  19/09/2018 wall yes Scandigade 100, 2450
26 M5 AM 300 700487 ? 40% 60 Other Suburb Dry Outlet 20/09/2018  19/09/2018 wall ves Scandigade 100, 2450
47 |Ms AM 300 705762 1200 7 ? Office City center  Dry Inlet 08/07/2018 wall ves Handvaerkerve] 8300
28 | M5 AM 300 705762 1200 7 ? Office City center  Dry Qutlet 09/07/2018 wall yes Handveerkervej 8300
49 M5 AM 300 700439 ? 0% 50 Other City center  Dry Inlet 20/09/2017  19/09/2018 wall ves Handvaerkervej 8300
50 M5 AM 300 700489 ? 0% 50 Other City center  Dry Outlet 20/09/2017  19/09/2018 wall ves Handveerkervej 8800
51 M5 AM 300 202241 2 100% LON/COZ  Class room  Suburb Dry Inlet 12/07/2017  24/09/2018 Roof ves Skive Gymnasium
52 M5 AM 300 202241 2 100% LON/CO2  Class room  Suburb Dry OQutlet 12/07/2017  24/09/2018 Roof ves Skive Gymnasium
53 M5 AM 300 300.298 3700 7 ? Other smallcity  Dry Inlet ? 20/09/2018 wall yes Tiele
54 M5 AM 300 300.298 3700 7 ? Other smallcity  Dry Outlet 7 20/08/2018 wall yes Tiele
55 M5 AM 300 300 1580 ? 50 Office City center  Dry Inlet 24/04/2016  24/09/2018 Roof yes Industrivej 58, 9600
S Sheetl | Sheet2 | Sheet3 | Sheet4 | Sheets | Sheet6 | Sheet7 | Sheet8 | Sheetd | Sheet10 | Sheetll @ .

I Comments
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54 M5 AM 300 300.298 3700 ? ? Other Smallcity  Dry Outlet ? 20/09/2018 wall yes Tiele
55 M5 AM 300 300 1580 ? 40% 50 Office City center  Dry Inlet 24/04/2016  24/09/2018 Roof yes Industrivej 59, 9600
56 M5 AM 300 300 1580 ? 40% 50 Office City center  Dry Outlet 24/04/2016  24/09/2018 Roof yes Industrivej 59, 9600
57 M5 AM 300 300.319 3300 ? ? Other ? ? Inlet ? 20/09/2018 Roof ves Tiele
58 M5 AM 300 300.319 3300 ? ? Other ? ? Outlet ? 20/09/2018 Roof ves Tiele
59 |M5 AM 300 700.516 ? 70% 60 Other City center Dry Outlet 20/09/2017  19/09/2018 Wall yes Scandigade 100, 2450
60 M5 AM 300 700.516 ? 70% 60 Other City center Dry Inlet 20/09/2017  19/09/2018 wall yes Scandigade 100, 2450
61 M5 AM 300 700.515 ? 70% 60 Other City center Dry Outlet 20/09/2017  19/09/2018 wall ves Scandigade 100, 2450
62 |M5 AM 300 700.515 ? 70% 60 Other City center Dry Inlet 20/09/2017  19/09/2018 wall yes Scandigade 100, 2450
63 M5 AM 300 Am 300.394 ? ? ? Office City center Dry Inlet 26/09/2016  24/09/2018 wall yes Industrivej 59, 9600
64 M5 AM 300 Am 300.394 ? ? ? Office City center Dry Outlet 26/09/2019  24/09/2018 wall yes Industrivej 59, 9600
65 M5 AM 300 Medelokale, Produktion ? 40% CO2 50 Office Suburb Dry Inlet 18/02/2016  27/09/2018 Roof yes Industrivej 59, 9600
66 M5 AM 300 Medelokale, Produktion ? 40% CO2 50 Office Suburb Dry Outlet 18/02/2016  27/09/2018 Roof yes Industrivej 59, 9600
67 M5 AM 300 300.298 ? 80% 50 Other Smallcity  Dry Inlet 12/04/2018  17/09/2018 wall yes Nordmarksvej 62, 4040
68 M5 AM 300 300.298 ? 80% 50 Other Smallcity  Dry Outlet 12/04/2018  17/09/2018 wall yes Nordmarksvej 62, 4040
69 M5 AM 300 700519 ? 70% 60 Other City center  Dry Inlet 20/04/2018  17/09/2018 wall yes Scandigade 100, 2450
70 M5 AM 300 700519 ? 70% 60 Other City center  Dry Outlet 20/04/2018  17/09/2018 wall ves Scandigade 100, 2450
71 M5 AW 300 | 700480 ? | 0% 60 Other | City center  Dry Inlet | 20/09/2017 17/09/2018 wall ves Scandigade 100, 2450
72 |M5 AM 300 700480 ? 40% 60 Other City center Dry Outlet 20/09/2017  17/09/2018 wall ves i 100, 2450
73 |M5 AM 300 700492 ? 70% 60 Other City center Dry Inlet 20/09/2017  19/09/2018 wall yes Scandigade 100, 2450
74 |M5 AM 300 700492 ? 70% 60 Other City center Dry Outlet 20/09/2017  19/09/2018 wall yes Scandigade 100, 2450
75 |M5 AM 300 ? 70% 60 Other City center Dry Inlet 20/09/2017  19/09/2018 wall yes Scandigade 100, 2450
76 M5 AM 300 700511 ? 70% 60 Other City center Dry Outlet 20/09/2017  19/09/2018 wall yes Scandigade 100, 2450
77 M5 AM 300 ?
78 M5 AM 300 ?
79 M5 AM 300 700510 ? 40% 60 Other City center  Dry Outlet 20/09/2017  19/09/2018 wall yes Scandigade 100, 2450
80 M5 AM 300 700510 ? 40% 60 Other City center  Dry Inlet 20/09/2017  19/09/2018 wall yes Scandigade 100, 2450
81 M5 AM 300 700481 ? 40% 60 Other City center  Dry Outlet 20/09/2017  19/09/2018 wall yes Scandigade 100, 2450
82 M5 AM 300 700481 ? 40% 60 Other City center  Dry Inlet 20/09/2017  19/09/2018 wall ves Scandigade 100, 2450
| ... | Sheetl | Sheet? | Sheet3 | Sheet4 | Sheet5 | Sheet6 | Sheet? | Sheetd8 | Sheet9 | Sheet10 | Sheetll @ 4 »
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B0 M5 AM 300 700510 ? 40% 60 Other City center  Dry Inlet 20/09/2017  19/09/2018 wall yes Scandigade 100, 2450
81 M5 AM 300 700481 ? 40% 60 Other City center  Dry Outlet 20/09/2017  19/08/2018 wall yes Scandigade 100, 2450
82 M5 AM 300 700481 ? 40% 60 Other City center  Dry Inlet 20/09/2017  18/08/2018 wall yes Scandigade 100, 2450
83 M5 AM 300 AM 300 1706 2860 ? ? Other smallcity  Dry Inlet ? 30/08/2018 Roof ves Industrive] 59, 9600
84 M5 AM 300 AM 300 1706 2860 ? ? Other Smallcity  Dry Outlet ? 30/08/2018 Roof yes Industrivej 59, 9600
85 M5 Am 300 300 288 3200 ? ? Other Smallcity  Dry Inlet ? 20/09/2018 Roof yes Tiele
86 M5 Am 300 300 288 3200 ? ? Other Smallcity  Dry Outlet ? 20/09/2018 Roof yes Tiele
87 M5 AM 300 703222 5000 ? ? Office City center Dry Inlet ? ? wall yes Hykenstreede 6, 1207
88 M5 Am 300 703222 5000 7 ? Office City center Dry Outlet 2 2 wall ves Hykenstreede 6, 1207
89 M5 Am 300 702515 (V.5)2100 ? 2 Office Suburb Dry Inlet ? 27/09/2018 wall yes Industrivej 29, 9600
90 M5 Am 300 KL 7002515 (V.5)2100 7 ? Office Suburb Dry Outlet ? 27/09/2018 wall yes Industrivej 28, 9600
91 M5 AM 300 P97 w5530 7 ? Office landzone Dy inlet ? 19/09/2018 wall yes seminarieve] 31, 9681
92 M5 AM 300 [UATTE= I ? Office landzone  Dry Outlet ? 19/09/2018 wall yes seminarieve] 31,9681
93 M5 AM 300 703225 (V.5)5000  ? ? Office landzone  Dry inlet ? 24/09/2018 Roof ves Hyskenstrade 6, 1207
94 M5 AM 300 702532 (V.5)5000  ? ? Office landzone  Dry Outlet ? 24/09/2018 Roof yes Hykenstraede 6, 1207
95 M5 AM 300 701971 4680 7 ? Office landzone  ? inlet ? 02/07/2018 Roof yes Skyttevej 5, 7180
% M5 AM 300 701971 4680 7 ? Office landzone  ? Outlet ? 02/07/2018 Roof ves Skyttevej 5, 7180
97 M5 Am300 300.928 ? 0% ? Andet smallcity  Dry Inlet ? 12/04/2018 ? ves Nordmarksvej 62, 4040
98 M5 AM300 300.928 80% ? other smallcity Dry Outlet 2 12/04/2018 ? yes Nordmarksvej 62, 4040
99 M5 AM300 300.319 3300 7 ? Other ? Dry Inlet ? 20/09/2018 wall yes Tiele
100 M5 AM300 300.319 3300 7 ? Other ? Dry Outlet ? 20/09/2018 wall yes Tiele
101 M5 AmM300 300.288 3700 7 ? Other smallcity  Dry inlet ? Root yes Tiele
102 M5 AM300 3700 ? ? Other Smallcity Dry Outlet ? ? Roof yes Tiele
103 M5 AM300 100% LON/COZ  Other Suburb Dry inlet 12/07/2017 21/09/2018 Roof yes Skive Gymnasium
104 M5 AM300 100% LON/CO2 other Suburb Dry Outlet 12/07/2017  21/09/2018 Roof yes Skive Gymnasium
105 M5 Am300 3300 ? ? other Suburb Dry inlet ? 26/09/2018 wall yes Tiele
106 M5 Am300 3300 ? ? Other Suburb Dry Outlet ? 26/09/2018 Wall ves Tiele
107 M5 Am300 ? ? Office City center  Dry inlet 26/09/2016  24/09/2018 Wall yes Industrivej 59, 9600
108 M5 AM300 ? ? Office City center  Dry Outlet 26/09/2016  24/06/2018 Wall yes Industrivej 59, 9600 d
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Default air  Running
Fiter  flowin¥%  H/Week Filter
running  (sw v.4.6 08 (sw v.4.6 Wet or LastFilter  Collection  Wall or Roof
1 |no Fiter type Product type S/N hrs ned) ogned] Buildingtypeland zone dry (RH) Inlet/outlet change date date Horv) Desiccant Address size
2 Ms AM 500 500.077 ? ? PiR Other smallcity No Inlet 17-Aug  20/08/2018 Wall Yes Gl trangelundvej 9, 8881 ?
3 Ms AM 500 500.077 ? ? PiR Other smallcity No Outlet 17-Aug 20/08/2018 Wall Yes Gl trangelundvej 9, 8881 ?
4 Ms AM 500 310237 1800 ? ? Class room  City center No Inlet ? 19/09/2018 Roof yes Baunegardsvej 85, 4040 ?
5 Ms AM 500 310237 1800 ? ? Class room City center No Outlet ? 19/09/2018 Roof Yes Baunegardsvej 85, 4040 ?
6 M5 AM 500 310237 1800 ? ? Class room  City center No Outlet ? 19/09/2018 Roof Yes Baunegardsvej 85, 4040 ?
7 Ms AM 500 300078 ? 40% LON/CO2 Class room  Suburb No Inlet ? 24/07/2018 Roof yes skive Gym ?
8 M5 AM 500 300978 ? 40% LON/CO2 Class room Suburb No Outlet ? 24/07/2018 Roof Yes Skive Gym ?
M5 AM 500 300978 ? 40% LON/CO2 Class room Suburb No Outlet ? 24/07/2018 Roof Yes Skive Gym ?
M5 AM 500 K 702515 2100 ? ? Office Suburb No Inlet ? 27/07/2018 wall yes Indistrivej 29, 9600 ? T Means the infi
M5 AM 500 K 702515 2100 ? ? Office Suburb No Outlet ? 27/07/2018 wall Yes Indistrivej 29, 9600 ?
M5 AM 500 M 500609 ? 100% 80 Other Smallcity No Inlet ? 20/05/2018 ? yes Gl trangelundvej 9, 8881 ?
M5 AM 500 M 500609 ? 100% 80 other Smallcity No Outlet ? 20/08/2018 ? yes Gl trangelundvej 9, 8881 ?
M5 AM 500 3110237 1800 ? ? Class room  Suburb No Inlet ? 19/09/2018 Roof Yes Baunegardsvej 85, 4040 ?
M5 AM 500 3110237 1800 ? ? Class room  Suburb No Outlet ? 19/09/2018 Roof Yes Baunegardsvej 85, 4040 ?
M5 AM 500 3110237 1800 7 ? Class room  Suburb No OQutlet ? 19/09/2018 Roof Yes Baunegardsvej 85, 4040 ?
M5 AM 500 K 301895 ? 80%. 55 Office Suburb No Inlet ? 18/02/2016 Wall Yes Baunegardsvej 85, 4040 ?
M5 AM 500 K 301895 ? 80%. 55 Office Suburb No Qutlet ? 18/02/2016 Wall Yes Baunegardsvej 85, 4040
M5 AM 500 304779 1590 ? ? Office Suburb No Outlet ? 24/09/2018 wall Yes Indistrivej 59, 9600
M5 AM 500 304779 1500 7 ? Office Suburb Ne Outlet ? 24/09/2018 Wall yes Industrivej 59, 9600
M5 AM 500 305914 1800 ? ? Office Suburb No Inlet ? 11/07/2018 wall yes Vinklevej 8800
M5 AM 500 3005914 1800 ? ? Office Suburb No Outlet ? 11/07/2018 wall yes Vinklevej 8800
M5 AM 500 301716 ? 100% 50 Other Smallcity No Inlet ? 28/08/2018 wall yes Bjertparken , 7830
M5 AM 500 301716 ? 100% 50 Other Smallcity No Outlet ? 28//08/2018 wall yes Bjertparken , 7830
Ms AM 500 310462 13007 ? Classroom Suburb  No Outlet  ? 13/09/2018 Roof Yes Vejlevej, Horsens, learnmark
Ms AMS00 310462 13007 ? Classroom Suburb  No Outlet  ? 13/09/2018 Roof Yes Vejlevej, Horsens, learnmark
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25 |11.4.500 M5 AM 500 310462 1300 ? ? Classroom Suburb Mo Outlet 7 13/09/2018 Roof Yes Vellevej, Horsens, learnmark
26116500 M5 AMS00 310462 1300 ? ? Classroom Suburb Mo Outlet 7 13/09/2018 Roof Yes Vellevej, Horsens, learnmark
27|11.500.c
28|12.0.500 Ms AM 500 310346 1500 ? ? Other  Subub  No  Outlet  ? 24/09/2018 Roof Yes seminarieve] 31, 9681
29126500 Ms AM 500 310346 1500 ? ? Other  Subub  No  Outlet 06/03/2018 24/09/2018 Roof Yes seminarieve] 31, 9681
30 |*12.2.500 M5 AM 500 306923 3700 ? ? Classroom Smallcity  ? Outlet 7 12/04/2018 Roof Yes Odden Skole Is it a only one filter yes
31125000 Inlet
32 |*12.c.500 Inletf
33 |13.4.500 Ms AM 500 307400 1050 ? ? Office  Citycenter ? Inlet ? 15/04/2018 Wall Yes Molslinien Aarhus ?
34|13.6.500 Ms AM 500 307401 1005 ? ? Office  Citycenter ? Outlet 7 19/04/2018 Wall Yes Molslinien Aarhus ?
35 |14.0.500 Ms AM 500 306963 3700 ? ? Class room  Smallcity  ? Outlet 7 12/04/2018 Roof ves Odden Skole ?
36 15.0.500 Ms AM 500 306926 3900 ? ? Class room  Smallcity  ? Outlet 7 12/04/2018 Roof ves Odden Skole ?
37156500 Ms AM 500 306926 3900 ? ? Class room  Smallcity  ? Outlet 7 12/04/2018 Roof Yes Odden Skole
38|15.500.c Ms AM 500 306926 3900 ? ? Class room  Smallcity  ? Inlet ? 12/04/2018 Roof Yes Odden Skole
39 16.0.500 Ms AM 500 304431 15307 ? Other Smallcity No nlet 06/03/2018 24/09/2018 Roof Yes seminarieve] 31, 9681 ?
40166500 M5 AM 500 304431 15307 ? Other Smallcity Mo  Outlet 06/03/2018 24/09/2018 Roof ves seminarieve] 31, 9681 ?
4116.c.500 M5 AM 500 304431 15307 ? Other Smallcity Mo  Outlet 06/03/2018 24/09/2018 Roof ves seminarieve] 31, 9681
42 17.a500 M5 AM 500 000215 1200 40% LON/CO2 Classroom Suburb  No 2 12/07/2017 24/02/2018 Roof Yes Skive Gym ?
43185008 M5 AM 500 304127 7 0% S0 Office  Subub Mo Inlet 17/10/2017 18/10/2018 Wall Yes Bakkesvinget 67, 4000
4418.500b M5 AM 500 304127 7 0% S0 Office  Subub Mo Outlet 17/10/2017 18/10/2018 Wall Yes Bakkesvinget 67, 4000
45 19,5008 M5 AM 500 304470 7 80% S0 Office  Subub Mo Inlet 17/10/2017 18/10/2018 Roof Yes Alborgue] 775, 9320
46 19,5006 M5 AM 500 304470 7 80% S0 Office  Subub Mo outlet 17/10/2017 18/10/2018 Roof Yes Alborge] 775, 9320
47 19,5006 M5 AM 500 304470 7 20% S0 Office  Subub Mo outlet 17/10/2017 18/10/2018 Roof Yes Alborgve] 775, 9320
48 20,5008 M5 AM 500 304471 1580 7 ? Other landzone  No Inlet 17/10/2017 18/10/2018 Roof Yes Alborgve] 775, 9320
49 20,5006 M5 AM 500 304471 1580 7 ? Other landzone  No  outlet 17/10/2017 18/10/2018 Roof Yes Alborgve] 775, 9320
50 |20.500.c Ms AM 500 304471 1580 7 ? Other landzone  No outlet 17/10/2017 18/01/1900 Roof Yes Alborgve] 775, 9320
51|21500a Ms AM 500 304128 7 80% ? Office 2 No lnlet 17/10/2017 18/10/2018 ? Yes Bakkesvinget 67, 4000
52215006 Ms AM 500 304128 7 80% ? Office 2 No  outlet 17/10/2017 18/10/2018 ? Yes Bakkesvinget 67, 4000
5322500 Ms AM 500 304433 (v.5)1530 ? 2 Other Smallcity No inlet 06/03/2017 24/09/2018 Roof Yes seminarieve] 31, 9681
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52 215006 M5 AM 500 304128 7 80% 7 Office 7 No outlet 17/10/2017 18/10/2018 ? Yes Bakkesvinget 67, 4000
53 22.500.a M5 AM 500 304433 (V.5)1530 ? ? Other smallcity  No Inlet 06/03/2017 24/09/2018 Roof Yes seminarievej 31, 9681
54 225006 M5 AM 500 304433 (V.5)1530 ? ? Other smallcity  No Outlet 06/03/2017 24/09/2018 Roof Yes seminarievej 31, 9681
55 22.500.c M5 AM 500 304433 (V.5)1530 7 ? Other smallcity  No outlet 06/03/2017 24/09/2018 Roof Yes seminarievej 31, 9681
56 23.500.8 M5 AM 500 310436 (V.5)1500 ? ? Other smallcity N Inlet 06/03/2018 24/09/2018 Roof Yes seminarievej 31, 9681
57 23.500.6 M5 AM 500 310436 (V.5)1500 ? ? Other smallcity  No outlet 07/03/2018 24/09/2018 Roof Yes seminarievej 31, 9681
58 24.500.a MS AM 500 304432 Other smallcity  No Inlet 06/03/2018 24/09/2018 Roof Yes seminarievej 31, 9681
59 245006 MS AM 500 304432 Other smallcity  No outlet 06/03/2018 24/09/2018 Roof Yes seminarievej 31, 9681
60‘24‘500.: M5 AM 500 304432 Other smallcity  No outlet 06/03/2018 24/09/2018 Roof Yes seminarieve] 31, 9681
61
62
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Default air Running
Filter flowin% H/Week Last Filter  Filter am
running  (swv.4.6 (swv.4.6 change Collection  Wall or system
1 No Filter type Product ty $/N hrs og ned) og ned) Building type land zone Wet or dry Inlet/outlet date date Roof(H Or V) Desiccant Address filter
2 19002 MS AM 800 500120 ? 40% CON/CO2 Classroom  Suburb  Dry Inlet ? 25/07/2018 wall Yes Skive Gymnasium 8362 WU-50-5
3 19005 M5 AMS00 500120 ? 40% CON/CO2 Classroom  Suburb  Dry Outlet  ? 25/07/2018 Wall Yes Skive Gymnasium 8362 WU 100-5
4 29005 M5 AM 800 200121 ? 40% CON/COZ Classroom  Subutb  Dry Outlet  ? 25/07/2018 Roof yes Skive Gymnasium B362
5 29006 MS AM 900 ? 40% CON/CO2 Classroom  Suburb  Dry Inlet ? 25/07/2018 Roof Yes Skive Gymnasium 8362
6 39002 MSs AMS0D 500574 1460 7 ? Classroom  Suburb  Dry Outlet 7 07/03/2018 Wall yes Skive Gymnasium 8362 WU-50-5
7 3900 Ms AM 200 500574 1460 7 L Classroom  Suburb  Dry Inlet ? 25/03/2018 Wall yes Skive Gymnasium 8362 WU 100-5
8 3900c M5 AMS00 500574 1460 7 2 Clessroom  Subutb  Dry Inlet ? 25/03/2018 wall Yes Skive Gymnasium 8362
9 4.900.a M5 AM 900 500573 1800 ? ? Class room Suburb Dry Inlet ? 07/03/2018 wall Yes Skolevej 2 8362 WU-50-5
10 4.900.b M5 AM 900 500573 1800 ? ? Class room Suburb Dry Outlet ? 07/03/2018 wall Yes Skolevej 2 8362 WU-100-5
M5 AMS00 501119 2000 7 ? Classroom  Suburb  Dry Inlet 17/10/2017 18/10/2018 wall Yes Bakkesvinget 67. 4000
M5 AM 800 501118 2000 7 ? Classroom  Suburb  Dry Outlet 17/10/2017 18/10/2018 wall Yes Bakkesvinget 67. 4000 |
M5 AMS00 501120 (V.5)2000 ? ? Classroom  Suburb  Dry Inlet 17/10/2017 18/10/2018 wall Yes Bakkesvinget 67. 4000
14 69006 M5 AMS0D 501120 2000 ? ? Classroom  Subub  Dry Outlet 17/10/2017 18/10/2018 wall Yes Bakkesvinget 67. 4000
15 79002 MS AMI0D 501125 2000 7 ? Classroom  Suburb  Dry Inlet 17/10/2017 18/10/2018 wall Yes Bakkesvinget 67. 4000
16 79006 M5 AMS0D 501125 2000 7 ? Classroom  Suburb  Dry Outlet 17/10/2017 18/10/2018 wall Yes Bakkesvinget 67. 4000
17
18
19 * This is the 1st version of data collection
20
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Default air Running

Filter flowin%  H/Week Last Filter  Filter

running  (swv.4.608 (sw .46 change  Collection Wall or
1 No Filter type Product ty S/N hrs ned) ogned)  Building ty land zene Wet or dry Inlet/outlet date date Roof(HOr V) Desiccant Address
2 110008 M5 AM 1000 slip missing
3 1.1000.b M5 AM 1000 slip missing
4 [1.10006 ms AW 1000 slip missing
5
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running  swv.4.6
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2 1.1200.a M5 AM 1200 800045 7 40%
3 |1.1200.b M5 AM 1200 800045 ¥ 40%
4 1.1200.c M5 AM 1200 800045 ? A0%
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Last Filter  Filter master
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? 24/07/2018 Roof Yes Skive Gymnasium WUX-100-5

? 24/07/2018 Root WU-50-5

? 24/07/2018 Roof WU-50-5
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