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Agenda

Alr filters for general ventilation

Keynote: 1ISO16890

Indoor Air Quality improvement in operating theaters
Eurovent Certified Performance program for air filters
Open discussion

Networking and dinner
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Air filters for General
Ventilation

Prasad Natraj
General Manager
AAF International LLC
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Agenda

Air Filters for General Ventilation
Benefits & Fundamentals of Air Filtration
Standards & Maintenance

Filter Design of Key Applications
Practical Issues

Question and Answers

SV’ S Q0T T
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Reasons for Cleaning Air

 Human health

 Human comfort

 Creating a sustainable environment

* Preservation of mechanical equipment

 Improving the quality of production processes e.g.
microelectronics, pharmaceutical and food processing

26 March 2018 HVACR Consultant Leadership Workshops 8
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Principles of Air Filtration

Before we proceed with the principles, let us understand
the following:

e Sources of contamination
* Physics of filtration technology

26 March 2018 HVACR Consultant Leadership Workshops 9



D EUROVENT HVACR

Leadership
Workshops

Types of Airborne Contaminants 1/2

Basically, there are three major types of contaminants:
 Solid particles

* Liquid particles
» Gaseous particles

26 March 2018 HVACR Consultant Leadership Workshops 10
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Types of Airborne Contaminants 2/2

Solid Particles Liquid Particles Gaseous particles
Natural and man-made dust, Includes contaminated and Gaseous and condensed gaseous
fumes and smoke suspended liquids contaminants from outside air,

building materials and processes

Includes viable and inert particles, < Aerosols e CO, CO2

such as: * Mist and fogs * Ozone

* Synthetic and natural lint * Sox and Nox

* Fungal spores and pollen * NH3 and amines

* Bacteria and viruses  Mineral acids

» Silicates (sand)  Condensable hydrocarbons and
* Flyash silicones

e Carbon dust * QOrgano-phosphates, arsenates,
* QOil and tobacco smoke solvents

o

26 March 2018 HVACR Consultant Leadership Workshops 11
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Sources of Airborne Contaminants

Man-made

* Combustion processes

* Industrial processes

* Bodily detritus in the form of dead
skin and hair

* Abrasion products from rail, road
and air traffic

 Macromolecules and metal ions

26 March 2018 HVACR Consultant Leadership

Naturally occurring

Volcanic eruptions, forest fires
Smog, fog and free carbon
Bacteria, viruses and endotoxins
Organic carbon originating from
decaying animal and vegetable
waste

Workshops 12
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Outgassing from carpets, Workshops
paint, wood (formaldehyde),

Indoor Air Pollutants office machinery (ozone)

Waste

Copier

26 March 2018 HVACR Consultant Leadership Workshops 14
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Particle Sizes and Size Distribution

Relative Size of Common Airborne Contaminants

Particulate

(in microns, 10* m)
100 10 1 0.1 0.01 0.001 0.0001
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Particle Sizes Human Hair
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Particle Size Distribution-
Size vs. Weight

Basic rules of thumb are:

* There are always much more small particles in the air than large
particles

* Large particles have a much higher mass than smaller particles, thus
contribute much more to the total weight

* Only particles larger than 10 micrometre can be seen with the naked eye
* Only 50 particles out of every million are visible to the naked eye
e Typically:

<1% of the number of particles represent 90% of the total weight
>95% of particles have a diameter of less than 0.5 um
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Viable Microorganisms

Molded Ceiling (wikipedia.org) Molded Nectarine (wikipedia.org)

26 March 2018 HVACR Consultant Leadership Workshops 19
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Viable Microorganisms
Bacteria

* Under ideal conditions, bacteria duplicate every 20
minutes

* On the skin surface of a human being (= 2m?2) around 7
billion microorganisms can be found — nearly as much as
people living on earth

Vo [ -

Neisseria Gonorrhoeae (onmeda.de) Neisseria Gonorrhoeae (onmeda.de) Neisseria Gonorrhoeae (onmeda.de)
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Viable Microorganisms

Bluetongue Virus (wikipedia.org) Pox Virus (biokurs.de) Ebola Virus (biokurs.de)

Rhinovirus 14 Herpesvirus
26 March 2018 HVACR Consultant Leadership Workshops 21
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Indoor Air Pollutants 1/2

* A survey by Healthy Buildings International showed that
fungi and bacteria are major contributors to poor IAQ

* In approximately 70% of the buildings with poor IAQ, this

was caused by airborne particulate and could be solved by
proper air filtration

* In approximately 40% of the buildings with poor |IAQ, the

main contributor were biological particulate (bacteria, fungal
spores and their byproducts)

Source: Healthy Buildings International
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Fine particles penetrate deep into the lungs,
while gaseous contaminations even get
adsorbed into the blood stream

Indoor Air Pollutants 2/2

over
60

150

180 | 20

Air velocity, cm/sec

26 March 2018

Size of particles penetrating, um

Regions

Nasal cavity

Oral cavity

-Pharynx

Larynx

Trachea

Primary
bronchus

Secondary
bronchus

Terminal
bronchus

& £ T Alveolar ducts
Respiratory ‘=3 ZaREaR "
brochiole o~ Alveolar sacs

Alveoli

Aerodynamic Likely Region of

Diameter (um) Deposit

>9.0 Filtered out by nose

6.0-9.0 Deposited in pharynx

4.6-6.0 Deposited in tranche
and primary bronchi

3.3-4.6 Deposited in
secondary bronchi

2.15-3.3 Deposited in terminal
bronchi

0.41-2.15 Deposited in the

alveoli

HVACR Consultant Leadership Workshops
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Suspended Atmospheric Dust

Pa rtICIe S|Ze Range % = 30 micron Percent by Particle Coun
« 2.4 Billion particles/Cu. (Micrometers) b
Ft. 100% = 10 micron 0.005%
 99% Smaller than 1.0y %
_ 80% i
* Lung damaging 0.5 to . ———— 5.0 micron 0.175%
5 0“ 70%
' 60% .
* Smallest visible 10.0u <o . ¥
. ggrbgal spores 1.0 to 40% ———— <1.0 micron 98.5%
UM 30%
. gg(g/:te{is 0.3 Bolm.ou - II I
0 ; IJ an arger 0% l I I [ | | I . | |
¢ & N W P & v P S
S & & \9’0' '\',VQ. RO \f”b" b“"\/g N ’\5\’%
0. Q. Q. Q. Q. 0. r». f\/. b‘. ’\9.

B Percentage by Weight 95.6% > 0.22 Microns ® Percentage by Count 99.84% < 1.0 Microns
26 March 2018 HVACR Consultant Leadership Workshops 24



D EUROVENT

The Importance of IAQ

Energy

conservation

measures of the

70’s:

e Reduced
outside air

e Tighter buildings

26 March 2018

Reduced air
filtration

e Heat pumps

e Lower resistance/
lower efficiency

Reduced
preventive
maintenance

e Mechanical
e Housekeeping

Increased
density of
occupants

HVACR

Leadership
Workshops

New building

materials
* |ncreasein
VOCs

25
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Improved Indoor Air Quality
High Efficiency Air Filtration

Mixing plenum *

Alr fikers ¢

Cooling coil «

Humdifer »

Heating coll »

Fan and supply air ductwork People

INFILTRATION Equipment
Flants

Carpet

26 March 2018 HVACR Consultant Leadership Workshops 26
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Impact of “Dirty” Coils

From the Trane Company: they cite a reduction in
Heat Transfer Efficiency (R-22 Coil) due to “scaling
effects” as follows:

Amount of Scale % Reduction
.006” 16%
.012” 20%
.024” 27%
.036” 33%

From Air Conditioning, Heating & Refrigeration
News --“Equipment operating with dirty coils may
use a much as 37% more energy than equipment
with clean coils

26 March 2018 HVACR Consultant Leadership Workshops 27
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Volume/Capacity Calculation

Area (SF)
X
Velocity (FPM)

Volume (CFM)

26 March 2018 HVACR Consultant Leadership Workshops 28
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Resistance or Pressure Drop

20" W.G. 28" W.G. 45" W.G.

26 March 2018 HVACR Consultant Leadership Workshops 29
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Fiber Size and Density

DriPak 2000 MEDIA (Magnified 2000 times) DriPak 2000 MEDIA (Magnified 2000 times)

26 March 2018 HVACR Consultant Leadership Workshops 30
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Physics of Filtration Technology

There are six basic physical phenomena:
e Straining

* Inertial separation

* (Viscous) Impingement

* Interception

* Diffusion

* Electrostatic charged filtration (active and passive)

26 March 2018 HVACR Consultant Leadership Workshops 31
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Physics of Filtration Technology
Straining

26 March 2018 HVACR Consultant Leadership Workshops 32
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Physics of Filtration Technology
(Viscous) Impingement

* Principle is based on as many particles as possible
colliding (impinging) and
sticking to filter media.

* An efficient adhesive is required to retain
heavy particles (viscous adhesive).

* Principle is used in pre-filters and is effective for large,
heavy particles only.

* Filter media should have as many large fibers
as possible to increase particle impingement.

* A high air velocity, typically 1.5 to 3.0 m/s,
to increase collision/ impingement ratio.

26 March 2018 HVACR Consultant Leadership Workshops 33
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Physics of Filtration Technology
Interception

* Principle is based on intercepting as many
particles as possible in fine packed fleece of
filtration media.

* The incidence of interception is increasing with
particle size and air velocity until a point is
reached where the particle will be re-entrained
into the air stream.

* A low media velocity, typically 0,1 m/s, is
required to achieve effective air filtration and to
avoid blow-off.

* Principle is used in medium efficiency filters

26 March 2018 HVACR Consultant Leadership Workshops 34
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Physics of Filtration Technology
Diffusion 1/2

* Principle is based on very small particles » The molecular forces of attraction, known
having very little mass and therefore as Van der Waal’s force, that exist
behaving comparable to gas molecules. between particles and media, retain the

particle on the filter media.

+ Collision with gas molecules results in

randomly moving particles and is known * Principle is therefore getting more
as Brownian movement. effective, the smaller and lighter the
particle is.

* Intercepting as many particles and thus N B _ _ _
achieving affective air filtration, requires a . Th_e_pr|n0|?le is used in medium and high
ve/ry low media velocity of typically 0.02 efficiency filters
m/s.

26 March 2018 HVACR Consultant Leadership Workshops 35
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Physics of Filtration Technology
Diffusion 2/2 e
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Physics of Filtration Technology
Electrostatic . N

equipment using this method. The idea was to impart an
I electrostatic charge to a particle, then collect the particle on a
! 1 metal plate with an opposite charge to it. While this was very
effective on small particles, such as cigarette smoke and exhaust,
these pieces of equipment were expensive and difficult to
maintain. Today, a similar effect is used in a passive matter to
varying degrees of success. Electrostatically charged media is a
synthetic media that has an electrostatic charge imparted on it
at its time of manufacture. This charge stays with the media as it
is manufactured into a disposable filter and used like any other
HVAC type filter. The charge on the media increases the
efficiency of the filter, without increasing the resistance by
adding mass to the media. This provides a filter with a lower
resistance than other filters of the same efficiency rating. The
controversial part of this method, is that the charge on the
media can dissipate over time, depending on several
parameters, such as humidity, fine particle concentrations, time
and chemical composition of the particulate. As a worse case
scenario, the end user would be using a filter purchased as a
high level of filtration, but the charge dissipates and is seeing an
| Ionizing . Collec’ring ' efficie‘ncy that is lower than ex.pected. Becausc'e of this, before
. Section Section choosing to use an electrostatically charged filter you should
seriously consider the ramifications of the filter performing at an
efficiency lower than advertised.

26 March 2018 HVACR Consultant Leadership Workshops 37
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Physics of Filtration Technology
Effective all-round Particle Removal 1/2

Involves use of different types of filters:

* Coarse Filter
* Medium Efficiency Filter

* High Efficiency Particle Air Filter

> Viscous Impingement

:> Interception and Diffusion

> Diffusion

26 March 2018 HVACR Consultant Leadership Workshops 38
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Physics of Filtration Technology
Effective all-round Particle Removal 2/2

HEPA filter
Face velocity Prefilter Extended Surface filter media velocity 0.02 m/s
25m/s media velocity media velocity 0.11 m/s
2.5m/s

--—.-., ﬂ [
= % | e
s
N Kl —« & |

Viscous Interception &
Impingement Diffusion

Diffusion

26 March 2018 HVACR Consultant Leadership Workshops 39
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Three major concerns in regards to air filters:

* What will be the efficiency of the filter in removing the
airborne contamination (usually dust and in a specific size)?

* How much of this dust will it remove before maintenance is
required?
* \What resistance will the filter offer to airflow?
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Filter Testing Standards

The standards have evolved to address:

* Indoor air quality and air cleanliness in occupied spaces: Health
of occupants versus air cleanliness

* Protection of products during process manufacture
* Protection of HVAC equipment

Standards make it possible to
compare the filters with each other

26 March 2018 HVACR Consultant Leadership Workshops 41
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Interior Alir

Typical applications:

Air filtration products:

Particulate pre-filtration (G1-F7)

HVACR

Leadership
Workshops

Panel filters Pocket filters

Particulate final filtration in 2-stage HVAC systems (F5-F9)

~ Office Buildings

Museums
Archives

Libraries

Shopping Malls

26 March 2018

Schools
Airports
Hotels and

Restaurants

1 I

Compact filters

Pocket filters

Gas-phase (combination) filters
DOXCK XX [
Rededoted
0006%%%
0% 0T
e 20l0lel =)

Panel filters Compact filters  Cassettes with media

HVACR Consultant Leadership Workshops 42
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| |
A p p I I c atl o n S Particulate pre-filtration or final filtration 1-stage HVAC system (G1-F7)
]

P A . : Tk EUROVENT
rocess Ir I i, g \@CERTIFIED]
- y 5l PERFOBRMANCE
£

T— g\\\\:‘iy > ;‘ :«lli I:jé WAV BUM OV Car TITOatEon . oorm
Pads & Rolls Panel filters Pocket filters

Typical applications:
/—

Automotive Healthcare Facilities

Pharmaceutical Laboratories l m l | -
(Micro)electronics Aviation — X 1 U

Food & Beverage Manufacturing Compact filters HEPA/ULPA filters

Particulate final filtration in 3-stage2-/ HVAC/cleanroom systems

(E10-U17)

HT filters

Gas-phase (combination) filters

DX :

KRRRK '
s,

OE XK XK

POREEO D

Panel filters  Compact filters Cassettes with media Equipment systems
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Applications o
n n ﬁfn’*’:"-’ . i = EUROVENT
Environmental Air / \@M]

Pads & Rolls Pocket filters

Particulate final filtration in 2-stage HVAC systems (F5-F9)

Typical applications:

* Pulp & Paper Nuclear plants

Waste water treatment  Mining

Gas turbine Steel mills
Rotary machinery filters Nuclear grade filters

Gas-phase (combination) filters
8 @gg v

Chemical media Cassettes with media  Equipment systems

Diesel engines Laboratories

26 March 2018 HVACR Consultant Leadership Workshops 44
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ISO 16890

Tobias Zimmer
Global Product Manager Comfort
Camfil
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Agenda

* |ISO 16890 — the new global air filtration standard

 What are the benefits of this new standard?
« Comparison to standards EN779 & ASHRAE 52.2
 Qverview of ISO 16890 filter classification

* Eurovent 4/23 — how to select air filters based on ISO 16890
* |In relation to local outdoor air quality (ODA)
* |In relation to required supply air quality (SUP)
« Cumulated filter efficiency of multi-stage filtration
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ISO 16890

Air Filters for General Ventilation

26 March 2018 HVACR Consultant Leadership Workshops 48



D EUROVENT HVACR

Leadership
Workshops

Introduction

e Global situation

ASHRAE 52.2 EN 779:2012 ASHRAE 52.2, EN779
and local standards

« A significant harmonisation for the air filtration industry has been recently adopted.

* A new standard for filter testing and classification with global coverage.

ISO16890 “Air Filters for General Ventilation”
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Why a new global standard?
What are the customer benefits?

Recognition
Air filters positively
influence air quality
and human health

More intuitive
Filter efficiency and
classification aligned
with real world air
pollution

Global applicability

Eliminate confusion

HVACR

Leadership
Workshops
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2016 — 2017 2018 2019 2020 — 2021

&
as
=)
0
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Comparison of Test Standards

Filter test method

Discharging method

Filter loading method

Classification system

26 March 2018

EN779:2012

-
Testing efficiency with
0,4um particles
\_
s
Discharges filter media
only, using IPA soak
Tough discharging
method
.

Dustloading with ASHRAE
dust
Coarse & sticky dust

9 Classes

ASHRAE 52.2

10 pum particles.
Classifications relate to
results for
El, E2 & E3 efficiency
classes — MERV rating

-

é . - . )
Testing efficiency with 0,3-

Discharges entire filter
Using KCL salt
Soft discharging method
(not mandatory — App. J)

Dustloading with ASHRAE
dust
Coarse & sticky dust

16 Classes

HVACR Consultant Leadership Workshops

1SO16890

Discharges entire filter
using IPA vapor
Tough discharging method

.

4 N\
Testing efficiency with 0,3-
10 um particles.
Classifications relate to
result for
PM1, PM2.5 & PM10
\_ J
4 \

Dustloading with ISO fine
dust
Finer & less sticky dust

49 classes
in
4 Filter Groups

52

HVACR

Leadership
Workshops
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1ISO16890: How Does it Work?
The standard is written in four parts:

Part 1: Technical Part 2: Measurement of  Part 3: Determination of Part 4: Conditioning
specifications, fractional efficiency. the arrestance and the air method to determine the
requirements and flow resistance versus the minimum fractional test
classification system. mass of test dust. efficiency.
IN PRACTICE:
Meaiurement of Discharging Grawmgc]rl;test Classification
i metno
fractional method . system
efficiency (optional)

26 March 2018 HVACR Consultant Leadership Workshops 53
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Filter Classification *
4 filter groups :

ePM 2.5 ePM 10 ISO Coarse
ISO Fine Dust
Initial arrestance

0,3-2,5pum 0,3—10 pm

Corresponding to Corresponding to Corresponding to
E1l E2 E3
ASHRAE 52.2 ASHRAE 52.2 ASHRAE 52.2

Filters with
ePM10 < 50%

26 March 2018 HVACR Consultant Leadership Workshops
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ISO16890: Classification System

Group designation

4 )
ISO Coarse
ISO ePM10

ISO ePM2.5

\.lSO P )

oPM, e

Table 4 - Filter groups
Requirement
ePM. . .

2 50%

2 0%

oM,

s 0%

- Class reporting
value

Initial grav
arrestance

ePM,
ePM, .

ePM.

HVACR

Leadership
Workshops
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Filter Classification
3 Simple Rules:

Reported efficiency — is an average between the initial and the discharged efficiency.

To be able to report — initial new efficiency needs to be over 50%.

AND
To be able to report — discharged efficiency needs to be over 50% (ePM1 and ePM2.5)

26 March 2018 HVACR Consultant Leadership Workshops 56
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Testing Orvgantzation:
¥IE Research [nvtiute of Sweden
ISO 16890-1:2016 - Air Filter Test Results Buoegatan 4 01 15 Barks, Swuden
400105162000
GENERAL
Repetso  GPOTS™2%ev] [Dute of bty WI%0216 20170023 Date of post 201 70302
Sspemwer CM Device obtamed (whea s0d bow odtaged)
Test(s) mquested by Caméil AD The devce was sent aad cbtamed on 201 7-00-14
DEVICE TESTED
Modet HiFlo 11 I:mm Commction
XLT 6400 80+ (HPGX-F7-492 4900 640-10-29) aufl AB Pocket fler, 10 Pockets
Al sanber Type of sedm Net effective Sherng sova Fiter duwrrsyons (wndth xheght xdepth)
61016% Ghss Tim £02%49 2640 mum
TEST DATA AND ATTACHED TEST REPORTS
Test ax fow sute. Test sersole. Test report to [SO 16850-2 Report 0o, 6P07477-2%ev] Appendix 2
oodm's  |[KCI(1+10 um) Test report to 150 16890-3 (optional Report oo, 6PO7TS77-2%-sev] Appends 3 \
DEHS (0.3+1 g} [ Teest repout 10 1SO 16890-4 Report oo, GPOTSTT2%gev] Appendi 4 "‘
RESULTS |
gl pres sure deferentnd Ingal gy anveslance 0 2 1™ oMM 150 ety
72 Pa 07 %% 63 % 739,
¥ zal tet presvere &fferresal Tout dust capacety o™, My MMy [lso ePM 60 % ]
300 Pa 1160 g 64 % Ti% 01 % .
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Eurovent 4/23

Selection of ISO 16890 rated Air Filters for General Ventilation Applications

26 March 2018 HVACR Consultant Leadership Workshops 58
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Eurovent 4/23

Workshops

e Recommendation for the selection of ISO 16890 rated air
filters for general ventilation applications

* Developed in a joint effort by the participants of the Eurovent
Product Group ‘Air Filters’

* Published on 09 January 2018
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Introduction
Impact on Health

PM10

Particles 10 ym in diameter or smaller  Particles 2.5 pm in diameter or smaller
can reach the respiratory ducts and can penetrate the lungs and cause
decreased lung function, skin and eye

potentially cause decreased lung
function. problems.

HVACR

Leadership
Workshops

Particle

PMo:
Particle < 10 ym

PM:2s:

Partle <25 pum ’ \3

2. PM:: b
Particle <1 ym ."!

Particles 1 pm in diameter or smaller
are most dangerous. They are tiny
enough to enter the bloodstream and
lead to cancer, cardiovascular diseases
and dementia.
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Outdoor Air (ODA) ...
How clean is my
Outdoor Air?

« 3 Outdoor Air Classes (ODA 1-3)

« Based on WHO Tresholds:

+ Annual mean for PM2.5 < 10 yg/m3
* Annual mean for PM10 < 20 ug/m3

Description

OUTDOOR AIR, WHICH MAY BE ONLY
TEMPORARILY DUSTY

Applies where the World Health
Organisation WHO [2005) guidelines

are fulfilled lannual mean for

PM2 5 < 10 pg/m? and
PM10 < 20 pg/m?)

OUTDOOR AIR WITH HIGH
CONCENTRATIONS OF PARTICULATE
MATTER

Applies where PM concentrations
exceed the WHO guidelines by a factor
of up te 1,5 [annual mean for

PM2 5 < 15 pg/m? and

PM10 < 30 po/m3)

OUTDOOR AIR WITH VERY HIGH
CONCENTRATIONS OF PARTICULATE
MATTER

Applies where PM concentrations
exceed the WHO guidelines by a factor
of greater than 1,5 [annual mean for
PM2.5 > 15 pa/m? and

PM10 > 30 pg/m3)

26 March 2018 HVACR Consultant Leadership Workshops

Typical environment
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Supply Air Classes (SUP)

SUP 1

SUP 2

SUP 3

SUP 4

SUP s

Workshops

refers to supply air with concentrations of particulate matter which fulfilled the WHO [2005] guidelines Lirmit values
multiplied by a factor x 0,25 lannual mean for PM2 5 < 2.5 pa/m? and PM10 < 5 pa/m3}

refers to supply air with concentrations of particulate matter which fulfilled the WHO [2005) guidelines Limit values
multiplied by a factor x 0,5 lannual mean for PM2 § < § pa/m3 and PM10 < 10 pg/m3).

refers to supply air with concentrations of particulate matter which fulfilled the WHO [2005) guidelines Limit values
multiplied by a factor x 0,75 lannual mean for PM2.5 < 7.5 pg/m? and PM10 < 15 pg/m3)

refers to supply air with concentrations of particulate matter which fulfilled the WHO [2005| guidelines limit values
lannual mean for PM2.5 < 10 pg/m?3 and PM10 < 20 pg/m3)

refers to supply air with concentrations of particulate matter which fulfilled the WHO [2005] guidelines Limit values
multiplied by factor x 1.5 lannual mean for PM2.5 < 15 pg/m= and PM10 < 30 pg/m3)
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Examples for Supply Air Classes (SUP)

CATEGORY

SUP1

SUP2

SUP3

SUP 4

SUPS

MIDDLE

GENERAL YENTILATION

Rooms for permanent occupation,

Example. Kindergardens, offices, hotels, residential
buildings, meeting rooms, exhibition halls, conference

halls, theaters, cinemas, concert halls.

Rooms with temporary eccupation.

Examples: Storage, shopping centers, washing rooms,

Server rooms, copier rooms

Rooms with short-term occupation.

Examples restrooms, storage rooms stairways

Rooms without occupation.

Examples: Garbage room, data centers, underground

car parks

26 March 2018

SUP1

SuUP2

SUP3

SUP &

SUPS

(AYEGORY

INDUSTRIAL VENYILAT!ON

Applications with high hygienic demands.

Examples: Hospitals, pharmaceutics, electronic
and oplscal industry, supply sir to clean rooms.

Applications with medium hygienic demands.
Example: Food and beverage production

Applications with basic hygienic demands.

Example: Food and beverages production with
& baszic hygiemc dernand

Applications without hygienic demands.

Example: General production aress
n the automotive industry.

Production areas of the heavy industry.

Examples: Steel mill, smelters, welding plants

HVACR Consultant Leadership Workshops
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Recommended Minimum Efficiency

SUPPLY AIR

SUP 1* sup2* SUP3** SUP4 SUPs
OUTDOOR AIR PM2525 PM255 PM25«75 PM25=10 PM2 5215
PMOsS PM10 =10 MPMI0 <15 PMI0 < 20 PMI0 = 30

Category PM2 5 PM10 oPM, ePM, ePM; 5 ePMyg oPMyp
ODA 1 < 10 s 20 HO% 50% H0% 60N 50%
ODA 2 = 15 = 30 HO% 709 70% B0 9% H50%

ODA 3 > 15 > 30 0% B0% 80% 0" 0%

able 3. Recommended min. ePMx hiltraton efhiciences depending on DDA and SUP category Annual mean PMx vatues in ug/m+

* Minimumm hillration requirements iSO eé'M, 50% refer 1o a linal hilter slage

** Mmsmum hitration requirements 150 eFMs ¢ 50°% reler to a Imal hiter stage

Fresented elficiency values concern both sinagle Hilter and mulli-stage hiltration systems with a cumulated ¢
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Multi-Stage Filtration
Estimation of cumulated efficiency

To facilitate rough estimations, it is recommended to use the following
formula to determine the combined filtration efficiency for respective particle
size fractions:

ePMx,CUmzl()O' 1-((1 - ePMx’SI ) - (1 3 ePMX,SZ) (1 _ePMx,an))
100 100 100

Where

ePMy cum s the total cumulated efficiency for x fraction
ePMy sn+1 15 the fractional efficiency for each filter stage
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Multi-Stage Filtration
Estimation of cumulated efficiency

Office in Dubai: ODA 3 & SUP 2 = min. ePM1 80%

T HHI
it

....

Stage 1 Stage 2

g 60 60 \ \ _
ePM1 ., = 100 x (1- (1- 1) x (1- =) ) = 84%
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Summary

ISO16890 is a new global standard for testing and classification of air filters

It brings clear benefits for specifiers, purchasers and users of air filters

Selecting ePM1 filters will result in improved air quality and lower health risk

Eurovent 4/23 merges theoretical and practical aspects of designing Indoor

Air Quality in terms of air filtration

« Eurovent 4/23 provides hands on and effective advice for HVAC planners and

manufactures of ventilation equipment to correctly design filtration
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Indoor Air Quality in
Critical Environments

e

\
| climate

msl @8FL - ¢ Dr. Jason Shilliday
te. Sales Director
@ TROX Middle East
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Contents

Introduction

Standards and regulations
Classification of rooms and filtration
Airflow

Pressure control

Energy considerations for filtration
Summary

. OO ooy
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\ i o

science & tec

Introduction
IAQ Design Brief

1. Minimize levels of micro-organisms
In the air

Ensure necessary air change and
maintain stringent room conditions
Limit the concentration of various
substances in occupied zone
Ensure a safe and hygienic
environment

n - BN
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Hospitals

Operating rooms
Recovery rooms
ntensive Care Units
solation rooms
_aboratories

RO/ "rechnik
‘ The art of handling air
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Clean room

26 March 2018

R = TECHNIK
The art of handling air

HVACR Consultant Leadership Workshops
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Laminar flow rooms
Mixed flow rooms

Air Locks
ISO 1 to 8 Classes
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Standards and Regulations
Clean rooms and Hospitals

* ISO EN 14644 « GMP EU

* Federal Standard 209E « HAAD

« JIS — B 9920  JCl — HOSPITALS
 [ES - RP-CC -006 * JCI - LABORATORIES
* DIN 1946-6 « DHA

* VDI — 6022 « WHO STANDARDS

* DIN - 13080
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Classification
Clean rooms

Table 1 — Selected airborne particulate cleanliness classes for cleanrooms and clean zones

ISO classification | Maximum concentration limits (particles’m® of air) for particles equal to and larger than the
aumber (V) iconsidond sizes shown below [concentration limits are calculau:? in accordance with
: ‘equation (1) in 3.2)
© O0dpm 0.2 pm 0.3 pm 0.5 pm 1 pm 5 pm
150 Class 1 10 2
SO Class 2 1100 24 10 1

ISO Class 3 11000 237 102 35 8
[1SO Class 4 110000 2370 020 352 83

150 Class 5 1100 000 23700 10 200 3520 832 29

IS0 Class 6 1000000 237 000 102 000 35 200 5320 293

ISO Class 7 | 302 000 83 200 2 930

ISO Class 8 | 3 520 000 832 000 29 300
I1SO Class 9 | 35200000 [8320000  |293 000 " ,
INOTE Uncertainties related to the measurement process require that concentration data with no more than three significant
figures be used in determining the classafication level

BSE 1
26 March 2018 HVACR Consultant Leadership Workshops > EN 150 14644 74
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Classification
Filtration
Medium High efficiency Very high Ultra high
efficiency filters filters efficiency efficiency filters
(EN779:2012) (EN 779:2012) filters (EN 1822) J
(EN 1822:2009) L —
HEPA ULPA |
G1 M5 E10 u15
G2 M6 E11 U16
G3 F7 E12 u17 -
G4 F8 H13
F9 H14 {111
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Classification
Filtration

Pocket filters (bag filter)

« Air intake filters (AHU)
Mo, F7, F9, E11
 Many material options

» Non-woven fibres

» Synthetic fibres

» Glass fibres

» Nano wave medium

Initial pressure: 50 — 150pa
Final pressure: 250 - 350pa
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Classification
Filtration

Mini-pleat filters

 Final filters

« M5-M6, F7-F9, E10-E12, H13-H14, U15-U17

 High quality moisture resistant glass fibres or
other fibre options —

Initial pressure: 90 — 150pa
Final pressure: 250 - 600pa

26 March 2018 HVACR Consultant Leadership Workshops
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Classification
Clean rooms — Filtration

Types of ventilation and filters (ISO 14644)

HVACR

Leadership
Workshops

ISO classification ™ & 7 6 S 4 | 3
Tutbedent low TF or mixed flow M
Typical type of ventitation (combination of low tusbulence t";‘:","""‘h"‘l}'
‘hmlwﬂqlhﬁlmmt\@") : \ !
fypical prefilters, 15t stage M5 M5 M5 M5 /787 | RS/ H9 ' M5/89
Typical secondary filters, 2nd stage T 108 | s 9 in Hi3 H13
Typical final flters £11 / H1} Hl3 Hl3 Hid Uis | U1s
Max, number of months allowed Between tests 1o
grove continued compliance with the allowadle 12 12 12 6 6 6
particle concentration ,
Recommended max. number of months between |
standard tests to carry out optional tests - 24 24 24 24 24 L 24
TR Z®TECHNIK

leakage of installed Hlters

The art of handling air
»
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Classification
Clean rooms — Airflow

Uni-directional flow
Laminar flow

Mixed flow
Turbulent flow

1

- — [ 1 I 1
. il IR J\ - -2
/AN /N '
1— - Iy 2= 2 1\ /\ o p
- _— [ [ / /
i |_-_| il 2 '
B l i A/ \ 7
— ~ 2~ -2 1-f] | |
Flow obstacles causing Adjustments to equipment and behaviour -
a flow disturbance to improve airflow [ — 1 l 1
R R b fN
{ \ — . - ‘\'
\ I{' ///’l '\‘\ A | y ".\ I,
| | 2~ -~ 2

26 March 2018
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Classification
Clean rooms — Airflow

Examples of clean rooms in microelectronics (ISO 14644-4)

IS0 classification * 8 7 6 5 4 | 3
Type of ventilation TForM | TForM | TForM*® LF LF LF
Average arflow velocity * not given | not given | not given | 0.2t00.5(0.3t00.5]0.3t00.5
Air changes per hour ® 10t0 20 | 30to 70 | 10 to 160 | not given | not given | not given

26 March 2018 HVACR Consultant Leadership Workshops 80



S EUROVENT HVACR

MIDDLE EAST Leadership

Workshops

Classification
Hospitals — Airflow

science & teciE

TROZ®TECHNIK

The art of handling air
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Classification
Hospitals — Airflow

Room Class Ib
Increased Hygiene Requirements
Recovery rooms, |ICU
3 stage filtration F5/F9/H13

Room Class la
Very high requirement on hygiene
Operating theatres
3 stage filtration F5/F9/H13

[ - [ » »
. AA A
b ]F W A /]
- Py + W I
- > - L
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Room Class Il
General Hygiene Requirements
Other treatment rooms, ENT

» »
[ 3
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Airflow
Diffusers

Terminal Units

Ceiling mounted particulate filters as final
stage filters with mini pleat filter panels for
the separation of suspended particles

Top pressure measurement points
Top suspension

Filter element with seal

Clamping mechanism for filter
Internal measuring tube

Spigot with lip seal

O JOIEE=" (OB
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e art of handling air
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Airflow
Diffusers

Laminar Flow Panels

The Laminar Flow Panelhas i
been developed for specialist At
applications where the mixing | |
of supply air with room air
must be avoided. The diffuser
provided stable, low
turbulence vertical discharge
into the occupied zone |

1

TR°Z®TECHNIK

The art of handling air

26 March 2018 HVACR Consultant Leadership Workshops
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Pressure Control

1. A pressure differential exists across the barrier between the cleaner
zone towards the less clean zone.

2. The pressure differential should be of sufficient magnitude and stable
to prevent reversal of airflow direction from that intended.

3. The pressure differential between adjacent cleanrooms or clean
zones of different cleanliness level should lie typically in the range of

5 Pa to 20 Pa, to allow doors to be opened and to avoid unintended
cross-flows due to turbulence.

HVACR
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A
4

|
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Pressure Control
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* Negative pressure — extract more air than is being supplied

* Positive pressure — extract less air than is being supplied

* Pressure Controlled — Supply unit responds to a room pressure
transducer and adjusts to maintain room pressure

1501/s 1201/s
Supply

=

26 March 2018

-10 Pa

150 1/s
Extract

S =

Ap

= 7
< —
< 300
P N\
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Pressure Control

Constant
exhaust

Total exhaust

Airlock

AV

Supply air

mgc—o<—>

Ap)—e +
(0]
Fume | OPa
cupboards rP
e
F
| -5Pa |
' (0]
€ w
Room
exhaust
‘ Door open Door Closed
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Pressure Control

Room management function (RMF)

HVACR

Leadership
Workshops

VAV or Venturi system

e D o

) with on board controls

| |
e ———— 4
o—Hap

Communication cable

Acting room
pressure controller

system and fast acting
actuator

Pressure Transducer -

Room control panel
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Energy
Considerations for filtration

Yearlong test of two different F7 bag filters
Initial resistance of Nanowave — 52 pa
Initial resistance of Synthetic - 107 pa

TROX Nanowave filter TROX Synthetic filter
26 March 2018 HVACR Consultant Leadership Workshops 90
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180

160 +

140 |

100

Differantial pressure [Pa])
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120 -

¢ Plant West A Plant East
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y = 4E-12 - 4E-100" + 1E-O7x* - 3E-05x" » 0,0021x? - 0,0251x + 51,075
R? = 0.9905 ]
0 50 100 150 200 250 300 350 400
Operating time [days]
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S )
Considerations for filtration

Final resistance of Nanowave — 180 pa 4000 € -
Final resistance of Synthetic - 76 pa
3.000 € -
Energy costs for Nanowave — 51% 2.000 € -
lower
1.000 € - Energy
Less energy consumed by fan motor | :
0€ HH Invest ‘ s
NanoWave® Synthetik
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Summary

When designing HVAC system for critical areas its very important to know how the

environment is to be classified. This will enable the correct design and selection of:

* Filters type and class
* Airflow volume flow rate
* Air diffusers

* Pressure requirement

Correct selection of products will enable the room to maintain the correct

level of Indoor air quality specified
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Dany Elamana
Technical Manager
Camfil Middle East
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Overview

* Objective

« What's costing you money

+ Eurovent RS 4/C/001-2015 Lo X

« Filter Classification - EN 779:2012

o I ' CHECK ENERGY CLASS ON | 4
C.alculatlon_t_o cl_assn‘y Eurovent 4/21 ||crmcx ansnay coans on S

* Filter Classification —Eurovent

 Conclusion

 Discussion
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The Objective...

To familiarize Eurovent filter
classification and thus

A
B

making it easier to find the = -
right filter based on both i B
energy efficiency and Indoor
Air Quality. =

G
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What’s costing you MONEY...?

500

HVACR

Leadership
Workshops

450
400
350

300 "
250 &
200

150

100

x 400 - freevector.co

50

0

. Axis Title . | : :
™ Duct ™ Filter ™ Heat Exchangers Cooling Coil ™ Heater ™ Sound Reduction ™ Joint Duct
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Eurovent RS 4/C/001-2015

 Certifying Fine Air filters based on Energy consumption

* Filters graded from A+ to E SUROVENT
%g"CERTI FI ED
PERFORMANCE

» Classification based on EN 779:2012
MANUFACTURER

Software name

THRESHOLD REFERENCE SCALE YEAR © 20%

N N i s 0 e e Lo -

burning cleanedaffected

_ geadl_y-tt-ui ® : o g o . ‘U) ) , g cogu?'uter Range
8 >8 Vo, S ‘?Q)Ct‘&; ®Q »=ses .8 85
S8 =8 &==¢ =X SO A a>,.; >55 =0 © WWww.surovent-cer
“® ® O Coopd 2 F 2 Com OO 7 Q) 220 5HC ©
:-‘t.g;ﬁ f@ﬁg mzc*Fo>§.»rx 8584-’8 O £ >E AIR MANDLING UNITS
03 —E'- D Q - o—: 7!‘_.- : _:QJ o
oxbOsUreD,.c8 3 SEEe3 S p08325m £ 052528 STER LANSEASE N
eXpOSUI’eq Zme O Q.)go‘_’ coC ¢ gggz S ;3?; T
c c— ot e @ S J0g 'EQ) o® e s

zhealth g5 1o2 £ 0%0 § 5 a¢ Aaalitve oo o
x © ,,'f. - . ’ 2
3IAQ<= clndoor Air Quality: T T
82 .ﬁi"\ - z nﬂi i Nntc o Wecarbon monoxide 5 < ; ‘ JprevaRAssnTe
building £ §9 PONULANLSE 4" il ition Soe e
‘gases_,c spcollectionz e ﬁ i poryad 12k @
9 particulates Carpets “~30§:§’r§1}%§;n58 ) el
§cbo®nitarJ)1|_nants O fgsaraiiys O 85
+ 5 Q dung@) improving 22 S modelling = 20

= flow dilute =
250 "D deaths T s2&dive = 3 £5
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Filter classification — EN 779:2012

Classie athon of as Ters )

Workshops

Coarse oG 250 SOsAM«6S - >
S2 250 SSCAM<B0
G3 250 S0sAM<S0 - -
Sa 250 SO<Am

ASeChum MSs 450 - A0=Em<c0 -
MG 450 - GOsEm<380

Fine F7 450 - 80=Em<S0 35

= 450 - FOSEMm-SS ss
Fa 450 . SS<Em 70
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Calculation to classify
Eurovent 4/21 .

+ Find the avg. pd. as in EN 779:2012 =

* Find the pressure drop as a function s onme T oem
of dust curve -

« Estimate the avg. pd. at the defined
amount of dust

G4 . s | By
M5M6 | 250g =
v o SIS e
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Calculation to classify |
Eurovent 4/21

Dp = A+(B-A)/2

e
.

0 ' 200 20 %00 sod
ASHRAE dustfed, g
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Calculation to classify
Eurovent 4/21

W= Energy (Kwh)
L gv — Flow rate ( m3/s)
UAY, “Ap 1 Ap- Mean Pressure drop averaged
W: 7 - 1000 over the course of dust loading
t- time in hour
n- Efficiency of the fan

26 March 2018 HVACR Consultant Leadership Workshops 102



S EUROVENT HVACR
MIDDLE EAST

Leadership
Workshops

Eurovent classification 4/21

Fwr class 2004 us M6

F7 Fe 3

A >E50 40 - 600 A > S50 Wit - 630

X0 o - 950 v 27000 W - 100 W N0 - 180w
c 200 N - 40 P w400 - 1100 Wb »1200 W - 100480 » 1500 18 - 2000
E >L00 W S0 v »2200 W > 3000 N
26 March 2018
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Save energy, money and your health

. v EUROVENT)

* Choose a filter that saves both energy, | <=/ i/ il
money and keeps a good indoor air ENERGY EFRICIENCY

quality

* Look for Eurovent e mi‘._f?.J

e o™ ey O - -
W S @ ra s v @ - -~
8o margy C oo i PR

* Q&A
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