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ABSTRACT

There has been lack of fact-based knowledge for design and operation of supply-air filters for
general industrial ventilation. A multi-company project within the Industrial Ventilation
(INVENT) technology programme was started in 1994 to tackle this problem area which is
assumed to be the most problematic one, according to the feedback from end-users in several
industries, who also made the initiative to this project.

The main objectives of the project were to clarify a methodology for control of particulate
contaminants in industrial premises, and to define the basic criteria for design and optimal
selection of supply and recirculation air filters. This methodology will take into account
outdoor air quality, desired indoor air quality, emissions from the processes and cleaning of
ductwork and equipment.

The first stage of the project, finalized in the end of 1995, included state-of-art surveys,
preliminary case studies and a preliminary proposal for the filter performance classification.
The second stage, currently ongoing, will include validation of the existing knowledge by
laboratory and field tests, development of an expert system for filter selection, and draft
contributions to the international Design Guide Book for Industrial Ventilation (DGB).

DESIGN CRITERIA AND FILTER SELECTION

The detailed design of air cleaning systems should be based on the well defined target levels
of airborne contaminants and it should result in a guaranteed performance. To achieve this
goal and to define the requirements for the filter performance, it is also essential to know the
particle concentration and the size distribution in the air to be filtered.

However, it is reasonable to assume that in most cases the design of the air filtration system
does not require detailed information about the particle concentrations and particle size
distributions. The design in these cases can be based on the assumption that the air to be



filtered does not contain any especially hazardous contaminants and the total concentrations
are well below occupational exposure limits. Also it,can be assumed that 4 minoriinaccuracy,
when -selecting the minimum efficiency of the filter,. does.not lead to serious contaminant
problems. S
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The suggested design approach is based on the definition of target levels for filter
performance in a such way that they are casy to understand by all parties including end-users.
Alsoit is requ1red that there is a suupleI physical explanation which clarifies the result which
can be achieved, when a certam target level is applied, i.e. the end-user must be able to easily
understand the advantages and, disadvantages :of different. target: levels: Furthermore; the
target levels are defined in a such way that the fulfillment of the designed values -as-guarantee
Valqes can Be checked ubmg relatlvely simple measurement techniques, ' s Lo
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The present; work mtroduces a new style of filter. performance clasmﬁcatlon whtch aims to
avoid the vagueness of the present classification styles It suggesfs a three level classlhcatlon
which can be used when making' rough esnmates about the proper level of air, ﬁltr'mou u1
different typbs ofbmldmgs and environments. R T R e

The convent1onal ﬁlten class1ﬁcat1ons (e.g.. EUROVENT, 4/5, or. the,G-and: F-classes
according to EN, 779)l provtdes.lonly part :ofall essential - infor matioh’ abfout ‘the -filter
performance. In fact these class1ﬁcat1ons have ‘been’ deVeloped ‘for ratlhg in test cond1t1ons
“only, and w1th only a vague connect1on to filter performance.in the real World . o v ‘:
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‘The basic 1dea of the new approach js to define target levels with the aid of an ex pression
‘which mclude exact information about the required filter, perfonnance and the- particle size at
‘which the requlred performance must be fulfilled in all conditions'of 'opexatlon throughout the
lifetime-of the filter: This-approach i is “assumed to encpura,ge all parnes to, use well deﬁned
data when descrlbx,ng the performance of filters.. ... . 'tz g it
1 ‘ ol it el e .
The suggested basic target levels for | ﬁlter performarice ‘Which shoultl l)e fulﬁlled troughoutz
the ﬁlter hfe—tlme have been expressed in the form of cleanliness classes as-follows: -—=--

T5/10 The maxunum allowabl,e penetratton for S,um part1cles is 1(] % Thxs ﬁlter is
O ssumed. to effectively captute large particles, - which' " "fnay ' catise "dust

W Iaccurhulatmn e g l,n, ventllatlon ducts (settllng dust) avyerdlie U v oo
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T1/10 ., .. The maximum .allowable: penetration’for' ‘lpm llzlarnc:lles is 10' % (mlmmum
efficiency 90 %) “This" filter’ 1§ essul]ﬁed to cause mgmﬁcaut ‘decrease inthe
concentration of those’ parﬂcles which effecmvely depos1t m thenhuman

resp1ratory system. oo
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T0,5/10 The maximum allowable penetration of 0,5um particles is 10 %. This filter is
assumed to be effective even for fine particles, i.e. the particles which orginate
from combustion processes (traffic and energy production) and atmospheric gas
to particle conversion, and also a considerable part of staining particles.
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The advamtageiof: this' type” of classifi¢htion : is’ 'that filtér performance ‘is unambiguously

specified in terms of mhaxinium penétration'at a certain Particle §ize value.
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The premises in industrial etivironment car be characterized in"categories. For each Lcategory,
- . - ! ., | vyl P 1 a. SEF 57 ) i
it.is possible to recornumend 6ne target 1eVel for filter performance, see Table'].
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« {TABLE (. Recommendett target levels for dust filters in different envirdmental ¢htegorits.” g LR L
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Environment category: sty St 74 s yicaie {'SUPPLY 917t RECIRG: - ' EXHAUST
AIR AIR? AIR
1. Covered processes L s
No stationary working places, occupation is only temporary. Main wESHOYSY: | TileeY [o i
part of the particulates is process emissions and the process doesn't
set any requirements for the cleanliness. ) ) -
e ) T ot L% P | A 01 1 o
2 ,Wéqkipg,emvirpgmeng inindustry., ] yropoineiiioa] o maeor - ooilf o e
é&ih@eﬁ"(ﬁiiﬁ Stationary working places’and continuous occupancy. LTI o Lo TIAD - a
i Particulatéifevels nhay vari-consldérably between' différent Spaces. = | = i .
Supply air is normally better ducted and distributed than on. ¢}{1% 1Y DR Ly T A
category 1.
13¢8pacés with specialidleanliness requirement (ihcl. cleanroonis)” B . .
Spaces that set speciat requirements for the ajr cleanliness:Typical in/.| - T0.5/40 -1G | 1XT0.5/10 R %
Ve'lecltrot_qghni'cal,,p%annacculi.cal and foodprogessing industry. - Also. ki {ienwn * Vijy:
“dpekial rodms like cIFclriéél"éqdipment, tele, automation, and .. R - o PR
computer rooms and:rodms for personal protection. Spetial = "~ * - M i
quidelines are to be followed when exists. .
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*4./'Laboratorfes, kitcheis, .‘:Hmkiﬁg"roor;lg) s 4 Iu, PETCE IRV }F cliand vz i Cold
Rpomswhereipossibik e<Haust aif filtration‘and-indreased tieed for ' ity st |17 [y DR
cleaning. of exhpust ductworkyhas tpralso;be.faken into.ackountiin ) |l (1w {0l 0T LITURE L
- |. ; — = '_' " - WY TV 7 SRR | T R ] —r T et
“BIOMices, other official sphcés hnd residertialdreas | 7~ " ' ' e
Ductworks and used components, such as VAV-regulators, hurhidity TI1059:9" | TiAe™ ¥ "
and air quality sensors, are usually more complicated in offices that
in industrial premises. Among other things it makt;s duq}yv.o;k vl =2 avst VE i e s nee
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1) Cleanliness class T5/10: The maximum penetration of particulates >5u, m(remgyal of settling dust) is 10 %. TRy

€leanliness tlass T1410: The-maxithum pefigtration of' particllates® I’ dgé}ébfba{nféfég“aré’ Tém
m%%es; clasrs*'.,];O.S/ 10: The maxjmun p_gmitra;igq of partigulates >Q5 mifs 10 %. ¢
Particlé size disfribution of emission frﬂm'indqp!l; saurces has to)m;tﬂk'qp into aceount, when selecting recirculation
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air filter. Usually recirculation ai filte? shbuld'Be at least the same class as in supply air.

3) If supply air is ducted it is recommended to use T1/10.
- a8 to be chosen and located so that they don't collect dust and are
5)

. is recaminended to aséi¢lass TO:5/10. AN A
6) Special guidelines is to be followed if exists.

easy to clean:
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It is récomiriended t0 s at 1Gast cledhliness class T1710 before heat-recovery unit. If l't‘ lsith{ﬁc
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7) TO0.5/10 is recommended in areas, where there are high emissions from traffic and energy sources.

oved) is 10 %. B

4) In ,so;Fe cases.supply air can,leave without filtration, In:such gase ventilation system components (coils, blower, etc.)

' 5
ult to clean the unit, it
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The proposed target levels in relation to ipresent filter classes: - cu. =it WIS
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The correlatlon between present filter.classification tests ‘and filter performarce on' the field is
weak. This situation together with the lack of de31gn criteria and too many filter classes has
led to non-fact based selectlon of filter inmost cases. .15 L;r(:';;r,::n il B R
‘. I R TR Y T okl 9 on nn qrrsler 3l L0
New test mcthods bascd on a filter's fractional cfﬁuency make it: poss1ble to comparc the
performance of filters and filter media in practise. According to latest measurements and
discussions in Finland it is also evident that presently used !filter classification has too many
classes in order to make difference between different classes :(filters' tested :according to:
EUROVENT 4/5 /2/, 8 classes EUI-EU8 for normal ventilation purposes). Even: more
confusing is that test results of several manufacturers EU6-class filters shows a wide variation
in filter: performance .whern new methods. are used. "Initial-efﬁciency'of some BU6-class filters
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Based, on the testsiof several glass-fibrerbagifilters.of different filter classes/1/ it'is ;possible
to define, which of the present filters fulfil the recommended cleanliness classes. (The
fractional penetration (efficiency) of different classes represent: the average values of all tested
filters.) Glass fibre filters normally has highest penetration as clean, so the re quirement has to
be compared, to the penetration*curves\ of clean‘ﬁlterv'f:’w NI PR T ‘M VIS D0 T
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The relation between the filter classes aml the eleanlmess classes, based on the measmements
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TABLE 2 Approxunate relatlon between the target levels (c}eanlmeqs classes) of dust nltels
3 - and lowest acceptable -filter,. classes, when, maxunuml allowed penetratxon of

s oo nominal particle size is 10%-in-each cleanliness;class. IRt o
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1) ., .. Filter classes according to EUROVENT.4/9;(3/. Gorresponding classes aceording to EN779:1993 are G4,
F7 and F8 /4/ | i
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TECHNICAL - ECONOMICAL OPTIMIZATION 7' 700 i
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Basis and problems of optumzatlon are discussed and wntten down i i thls project. The \know-
lédge 8 still at t00 géneral Tevél to be uséd in optlmtzatlon Thc alm is fo dcvclop an cxpcrf
system for filter selection and optimization. The following is a short decnpuon of the core of
the expert system, still under development but already collecting the best available knowledge
into a real pratical tool.

A i kel el B 9 GAT W

‘ : e gl B Caawl aEmteT
ok B S45% g LAY A L, - R LY FOF AT

The most unportant technical ﬁgure in, system opnm:zatxon is maximum allowed ﬁnal

|
pressure'drép of filtet; that dépends on'the allo]we& air flow change &urmg operatlon and 1



performance. This figure sheuld be talculated . during. design phase, -torrected after
installation, if e.g. fan parameters is changed, and must not be exceeded during operation.
The properties waﬁlter, material and filter- constructlon has to be taken on account as well.

P T T e IR A T Mt ol CYRRToTS al n : b S
The properties of ﬁlter material and comstructionithas tb'be taken on account as ‘well.
Breakage of the material is not a problem in normal cases, but too high pressure drop can
cause ;increased penetration of'fine dust (coarse* ﬁlmS) ST SR sl LT s
LIE e H1TT RS+ Jioiki O b L LURS B0 I HLT (Ll Sl M ! 4
The, filter salectlon always ha§ito be started fromy the.target:level: After: quahﬁcation of
aqceptable,ﬁltermgpmethods is.done, camacceptabla methods bé quantlﬁed edonorruca‘lly 11a

erder to: . ooy o obshilee S0 G S o S TR TR & WY S S
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-compare ;the total.economy-of filterithat fulfil minimum. requirernents to more: effective
solutions' .1t gn . (1 LM L 10k 0w w00 T sl Mo 1G98k

—compage filters'with equal Class with respeet tolifetime and mlt'lal and final‘pressure drop
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—deﬁne economical ﬁnal-.»presshre. drapios 2:2e0le 7o HE oL ronotoffio) coite: v YL
b aE, UEES WL ST T L 0w B b T dest el s, vIB0T T 3anF it e

-compare economy of different filter construétions (compactivs:ibag:filters etc:) or properties
(e.g. bag length) with respect to dust holding capacity and lifetime.
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Because the lack of knowledge of filter performance in real COIldlthIlS and of :the. mﬂuences
of filtering e.g. to dust growth of ductwork and ventilated spaces, many assumptions and
simplifications: has:téobe done durinyg cal¢ulations. This ‘fact:causes that.reliability of ‘general
alcudations 4s GQuestionable.) Thus,iecenomicali:optitnization .can. bevused in single cases
effectively, especially during:'operation:time,when(' moreviaceurate’ information of local
conditions is available than during design phase.
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SECOND STAGE (1996-97), THE W OBJE(;TIVES s !
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The main objectives and tasks for the secdnd stalg_é A(_)_f ;t_hf INVENT prOJeci are:
-write interilational guidelines<for filtering fundamentals; ‘filtér seléction’ * optlmlzatlon and
maintenance (start of contributions to the Design Guide Book for Industrial Véntllation)

-develop an expert system for filter selectlgn mcllgdmg also unpurlty datahase cons1st1ng data
on consentrations and particle size distribution of emissions ffom dlfferent sources

{g_ v G A Dty L I B0 TLOR TG T I R s BB
-produce new data on xfter performance 1n realll ong 1t10n§ and on, parjklculate mea§u>rement
techmques, by laboratory and ﬁeld tests e M-
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EXPERT SYSTEM - SOME PRELIMINARY FEATURES
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In fﬁge %o lowmg table “the framewor and blocks: pf tile plann,ed eE;Bcrt system is descnl?ed;, “.1 q
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The expert system will be developed in at least two steps, starting with the contents of the
basic framework. At the moment, the following tasks ate being planned: =~ @ *

]
1. To collect the ex1st1ng material of otdoor ' a1r cond1t10ns emission sources, target levels
and filter performance, and equations, to-be used. for filter selection.

2. To restructure the existing data (units, form, curves...)
i | file 17V e - =0
3. To develop and validate the 1]a€t;9r§ and e,ﬂqat‘i,qns*
i - 5T LN ¢ [/ SNl S
¢ ]
4. To complete a manual version pf the expert system' this shall serve as a guideline for filter
selection, and-included in the Design Gulde Book
‘ o e

5. To convert the expert systerfi'block by block Iﬁt’d electromc form, including
l

-s1mpl1’ﬁed filter selection, pro,cess . ?,‘)';j Lz
-detailed selection of filter 15 =00 cne s
-feasibility comparison of filters ¢ 2ACAT
-total control of partlculate contaminants

The methodology is presented it tiie enclosé(f figuite. Some additional remarks to the blocks:

Gul altue  WIOR:

1. Properties of-the.outdoor air:..the expert. System. shall. contain. a. database. of .existing
"typical" figures that can. be selected for dnnens1pnmg (default values). If more prec1se values
are known for the specxﬁc case (e g oW'n measurements) these can be uded instead.' In'the
survey of existing" outddor alrud:ga 1t was onceragam i revealed that only a minor part of the
data can be directly applied for filter selection purposes especially when the main concern is
small part1cles (less than 1 or 0 5 pm). In the industrial”area “the cbhceritration -and size
distribution iof particles cen vary a lot of those in typical, utbamand ;pral emflronments

Therefore local measurements aré recommended whenever pessible.--

2UET.L Y AR, TY 0IA A0 ADITD.LIC
2. Process descrlf)hon ‘prmctplésr%f g%egal procéss descr1pt10n will be presented in Volumes

A (Fundamentdls)" ‘and” B (§ystems atid Equlpment) and branchwise in Volume C
(Applications), although not including a 8pectal booklet for filtration alone but as one design
parameter among othersizG Oategones presented in Table 1 are based on the requirements set
by work cond1t10ns or processes oo, Jamrw) LR
i :

3. Target leilels' to be bas"é:c'l»dn' thé "’CleanlinESS Classiﬁcation In the DGB, principles to be
presented on general leyel in; Volume A and i in add1t1on process related features in Volumes
B and C. 4_ : ." i M r"” x--?‘l % W

oo AL J\JVP f:"l' i
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4. Source descnptlon a database will be separately developed in a research project, and the
results documented in®Fundamentals. “The presentJ knowledge varies much; sufficient data on
particle sizeldistribution exists for a few pmducﬁéu pi"o’cesses only: e.g. welding fumes, iron
or brass grinding and certam spegl(ﬁqd processes m,cllenncal and mechanical industries.

b et sem smtmarat et s raseam T e sedamies LmmE  m——
Blocks from the lower part (6 .12) are planned to be mcluded in the filtration blocks in
Volume B.
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FIELDn AND LABORATORY" TESTS SOME . PREMNMMINARY " ’RESU'LTS AND
CONCLUSIONS ‘ MEGT TUIE m v ey st (Ve eh L oer i o

As a part of the second stage of the INVENT project, pilot field tests and one series of
laboratory tests have been made to give a solid background to long-term field tests, which
will continué to the end of year 1997 with selected filters.
The pilot ﬁeld tests were made to test the measurement techniques and to, producé some
information about the filter behaviour in suburban environment. The laboratory tests were
made-for pre-selection of filters to the long-term field tests and to study the filter behavrourm
d1fferent controlled loading conditions. 5
Laboratory 'tests were made by using material samples from twelve ﬁlters Filter mﬁterlals
were exposed, to a test aerosol which was a mixture of standard SEA Fine tést dust and diésel
fume. Air flow velocities were adjusted to correspond to the nommal flow rates of the:filters.
The pressure'drop and penetration of the filter’ materials - were measured as function of filter
loading. Filter, loading was given in terms of aerosol eXposure i.e. mass concentration x
loading time. In this way, it is possible to give a rough estimate for the filter performance in
true opération conditions in the time scale of one year (e.g. the exposure of 30 ug/m?® year
corresponds toa one year-operation in the average concentration of 30 ug/m?).

LR L . Vs i)
Frgurelsﬁows the relationship between filter material pressure drop and loading. This result
indicates that there are big differences in the performance of the filters.

@ Filter 5 (synthetic)
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Figure: 1. Filter, material pressure dropias a function oﬂﬁlter"loadin’g.tt iiﬁi‘h‘ flii e 2l



Significant differences can also be observed in Figure 2 which illustrates the relationship
between mass:penetration and leading. | Taking into, account that al filters should be, of the
same filter class (F7), the variations were surprisingly high. i 0 T
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Figure 2. Mass penetration as a function of filter loading.

CONCLUSIONS v -
In industrial environment, the selection of supply air filters is traditionally based on very few
facts drid theréfore has many times resulted in either unnecessarily ‘high filter class, resulting
in high'operation costs, or - and more often - in too low-class filter and unnecessary cleamng
costs or sometimes even, troubles in the productlon process. A need for systematic selection
tool is evident - our approach is an expert system, which will enable the designer and his
client to apply the best available data for the filter selection m-cach case. Further efforts are,
however, needed to fill the gaps in existing knowledge especially on the dust .concentrations
and particle size distributions in different industrial environments. The rnechamsm how to

update the.expert system is still to be developed. ’
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&

It has been also realized in many cases that the filter class does not reveal all essential facts of
the filter performance throughout the filter’s lifetime. Full-scale tests will, but slqwiy, give
more basic information. It has to be kept in mmd that design, mstallatlon and maintenance are
important for filter performance: e.g.if a “filtér becomes wet, it will lose its functioning
permanently, and all bypass leakages reduce the performance aswell. The future challenge is
to fill the gaps in existing knowledge;aboutfiltex;performance inaxeal operating-conditions.. ™
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