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Senior Specialist
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Compagny
« Engineer in NIRAS since 2014
e Professionel bear taster ISO9001, certified since 2016

Experience

Been working with classified facility area since 1994

» Client advice, Project management - and specialist functions

» Technical adviser for Hospitals, pharma, lifescience, Cleanroom, datacenters,

Containment Facilities as BSL2-3 (Ag),
Hospitals Design, programming:
* OR-departments,
« HLIU facility, (High Level Insulation Units)
* PCR, (Polymerase Chain Reaction)
» CGT (Cell and gene therapy)
« BSL3, (Biosafety level 3) Pharmacy,

P
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Jan Certificate

MOttlau \ « CTCB-i Certified cleanroom tester
F
r’nordicC

@ Committees:
* R3-Nordic (Hospital Symposium 23/24-5, Elsinore in

Denmark)

X

’ « FSTA (Danish Union for Hospital, Technical & Architecture)
E Ds E  Danish Standard DS/ S-438 - Cleanroom technology
« 1SO TC209 WG 3, 5, 15. (ISO 14644)

» ISPE (International Society for Pharmaceutical Engineering)
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Global Footprint

Over 7,000 ongoing projects in more than 30 countries

" Subsidiaries
B Projects

NIRAS
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We strive to move towards an enhanced sustainable
future

NO GOOD HEALTH QUALITY GENDER CLEAN WATER
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Integration of the manutacturing in a quality
demanding Life Science (GMP) market

Infrastructure
Environmental Services
Working environment

Permitting
Flodding
Chemicals & Waste

Black Utility
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production facilities

Facility Management
Facility Design
Construction
Offices
Warehouses
Bridges
Digitalisation

NIRAS



Project and Consultancy

Carefully designed project steps keep things in control

GMP services to ensure compliance

I | . . |
Basic Design /

|
Conceptual Brief /

Front load project On site

Conceptual Design

Detail Design

Integration of User Demands
Organization / Resource load
Financial requirements

GAP Analyze/Audits
Logistics

Development of master plan
Business Cases

Supply Chain

Due Diligence

+ Total Cost of Estimate
Lay outs

Master Planning
Logistic, Manflows,
Facility planning & Design
Modular Engineering
URS

Overall Time Schedule
Project execution plan
ATEX & EX,

Long lead items

* Vendor selection & Tendering
services

Review and Design qualification
Process Simulation, Virtual Reality
URS Review

Sanity Check of TIC.
Process Flow Diagrams, PI&D
Automation Process & BMS

Sparring in choice of technologies.

Process Project Management
Vendor Coordination
Construction Management
Punch list management
Cost control

Scope control

FAT/ SAT, IQ, OQ, PQ
Training

Material Control

Approval of deliverables
Hand Over

Decision gateway

Validtation master plan, Qauality plan, Consultancy, Advisory

Decision gateway

Project execution plan, Procurement startegy, Project Management, Time Schedule, Financial reporting




L esson learned

During design and cleanroom testing

2023




Standards, guidelines internal doks.

Enough standards, guideline and internal procedures? & \sPE.

GOOD PRACTICE GUIDE:

Containment for

Laboratory hiosafety manual Fotenk Campauntds
Third edition
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Always to remember:
Instructions, prescriptions and guidance is a delicate matter.
Simple small details gone wrong, can make everything go wrong.




What did’t work

It works !!!

Quality assurance in several steps.

NIRAS
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Requerments and facility -Do they match

Material in cleanroom, use of cleanroom

» Grade B cleanroom
- <10CFU

* 5-10 persons

« Mixing ventilation
« 10 ACH

* No airlock

* Iso 7(5) — non classified

Oviously here is several things gone very wrong. Find easily 5 mistakes. - RIP



2. Requerments and facility  -Do they match

Fast overview - faults

Unable to keep clean No airlock to corridor Airchange inadequate and simple mixing principle in Grade B facility, it's a no go.

*  When operating in bones, the body can not recover
from bacteria in the bone part, as no blood flow is
present.

. Normally a totally different OR suite set up is
necessary. To avoid Hospital acquired sickness.

Alternative

An optimised OR suite cost, extra Once:  140.000 EUR
Reoperation is approx. 90.000 EUR

Suite last 20 years.

One incident a week in 20 years = 1040 incidents.

If you want to save money, please make facility right
first time.

How to start improving:

Start learning from: 1ISO14644- 1,2, 3,4,5. ©

Un covered arms in turbulent airflow Use of cosmetic Open dust spin and no
protection zone to patient

Too low grade cleanliness clothing

14
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Energy optimation — How far can you go ?

what can go wrong ?

“"why can’t we just stop the HVAC unit, when we don’t work in the cleanroom”

| often get the question, "why can’t we stop the HVAC unit when we don't work in the cleanroom”

Issues is compliance "in Control” definition pressure and cleanliness must be obtained. Standard for setback there is none. But ISO 14644-4
describes to do a risk based analysis using:

. HACCP (hazard analysis Critical Control point), |
. FMEA (Failure Mode Effects Analysis) or 1
. FTA (Fault Tree Analysis)

And set back is very relevant as people are the polluter in the room, and when they are not there, the source strength is much lower. And
airchange needed to keep cleanliness is therefor much reduced. (cleanliness and pressure shall be obtained at all times, in order to be in

control.

If you stop the ventilation, a full cleaning procedure and change of HEPA filters, shall be carried out, before next operation, in order to be “in
Control”

Ultra clean OR room in Denmark, is Iso Class 7 “in operation” and ISO class 5 “at rest” this is grade B.



Flow diagram for different processes

Basic flow —no timing.
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Design Sterilisation site

standard DS 2451-13 (NIR)

Grovvarelager fabriksfremstillede varer
Luftfugtigheden ber ligge under 70% rH
Temperaturen bgr max. vaere 24°C

Ikke yderligere klimakrav

Udpakning af varer
Luftskifte: Comfort
Trykforhold: Ingen krav
Trykretning: €

Varesluse ind
Kontrolleret
Luftskifte: 6
Trykforhold: +10 Pa

Trykretning: €«
T

Sterildepot

Kontrolleret

Luftskifte: Comfort/k
Luftfugtighed <70 %rH
Temperatur bgr max vaere 24°C

Modtagelse | Teknikrum
af urent Kontrolleret
udstyr Luftskifte:
Kontrolleret Comfort/k
Luftskifte: Trykforhold:
Comfort Ingen krav
Trykforhold:

Ingen krav

Trykretning:

Sluse ud
Kontrolleret
Luftskifte: 6
Trykforhold: +10 Pa
Trykretning: €«

Sortering, forbehandling, mekanisk

rengering
Kontrolleret
Luftskifte: Comfort
Trykforhold: - 10 Pa
Trykretning:

Autoklave

Teknik
ISO kLS
Comfort/k
Trykf.: 0

Sterildepot — Autoklaveudlastning/nedkelingsomrade
ISOklasse 8

Luftskifte: 10Trykforhold: +20 Pa

Trykretning: €<

Autoklave
Persona‘
adgang

Personalesluse
Kontrolleret
Luftskifte: &
Trykforhold: +10 Pa
Trykretning: 1

L, Varesluse ind
(som ovenfor)

_—— e
Manuel Teknik | Autoklave | Teknik
- IS0 kI8 ISO kL8
Vognvask | rengering Comfortik Comfortk
Kasser Rene Try kf..0 Trykf.: O
1+ arbejdsopgaver
1SO klasse 8
Luftskifte: 10
Trykforhold: +20
Pa |=———
_ Trykretning: J-
Retur-
bane. Pakkeomrade
Opvask. | 1SO klasse 8
Luftskifte: 10
Trykforhold: +20 Pa
Opvask. Trykretning: <
Opvask.
e —
Taktopvaskedekontminator til
intrumentkontainere og fade

Lager for
hjzelpe-
produkter
Luftfugtigheden
bar ligge under
70%rH
Temperaturen bar
max. vaere 24° C
Ikke yderligere
klimakrav

Personale, urene arbejdsopgaver

Personale, rene arbejdsopgaver

NIRAS



Build safe work environment

Is service only possible in
summer and Winther close
smart placed in the corridor
for maintainers

down period ?
Space so normal persons

Service demanding gear
can do the job.

Or accessible also in
Haches were needed

between ?

Is service possible ?

Service friendly installations

18
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Accesability

After handover, how to ensure accessibility and service on all components

Example Containment areas as:
 BLS3 or

* HLIU High Level insulation Rooms




Collisions on drawings when installer work

What will happend ©

During installation, if
nothing is updated.

20



Borders, Equipment

Who do what, and when

During design, and construction need for Clear border
lines, for the entreprenerd and engineers

Limits; gaps and doubt.

Exambles: on Borders for a interlock

Signal til CTS styring
P ING

L: DVP

M: CTS

K: CTS

I:CTS

Tegn. nr. Rev
BR_K22_H5 T99 EXX LXX_ 0015015

HOVEDPROJEKT

CTS

cTs
styring/overvagning
P ING

Pl L:CTS

styringlovervagning

M: CTS
K. CTS
I:CTS

D: CTS K

Elforsyningsdase
P:ING

L:EL

M: EL

K: EL

D:CTs

1

Signal fra CTS styring

P: ING

L: CTS

M: CTS Trykiransmitter
K: CTS P: ING

I:CTS L CTS

D: CTS M: CTS

Interock styring
P: ARK

L: SN

M: SN

K: SN

I: SN

D: SN

Sluseder + derkonta k|/

o slutblik
P ARK
L: SN

M: SN

K: CTS
L CTS
| D:CTs
Madiryk
L: SN
M: SN
Intern fortradning Ventilation :‘-:.SSNN
P: ARK P: ING O SN
L: SN L: VENT :
M: SN M: VENT
K: SN K: VENT
I: SN I: VENT
D: SN D: VENT Redigren indikeringslampe
L P: ARK
L SN
M: SN
K: 8N
M I: SN
D: SN

Sluseder + derkontakt
ag slutblik

P: ARK

L: 5N

M: SN

BerneRiget

INGENIER - DETALJE

Emne: B.01 Interlock | sluser

Tegn

Sagan
1024003

Tagnat af:
ML

Rav.
BR_K22 H5_T898 EXX_LXX_001s015
Kontrol af: | Godkendt af: | Mal Dsso Side:
MICS INPG 20200802 | 015
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Pressurisation -Tight room

Small air changes make pressure jump the tighter the worse

RELATION BETWEEN LEAKAGE, FLOW AND RESULTING NEGATIVE PRESSURE
TIGHTNESS TEST BY PRESSURE DECAY METHOD

p (Pa) 500_}
104 % V 100 % V HAtvey
Zul = 2080 m /h? 30 Abl = 2000 m /h*

Room volume 200 m? .

1= - o - 300_|
N oo : ~ poF
b A 0 - — - ! 200 |

100 |

3 second = + 35 pa o |

Pa 25.05.2019 25.05.2019 25.05.2019 25.05.2019 25.05.2019
11:45:00 11:50:00 11:55:00 12:00:00 12:05:00

RELATION BETWEEN LEAKAGE, FLOW AND RESULTING NEGATIVE PRESSURE
TIGHTNESS TEST BY PRESSURE DECAY METHOD

o V [m?] : Inner Volume of Test Object

o,
A p 5 ish

2 P, [Pa (abs)] : Initial Pressure
P; p/_ ( 1% ) T, [K] : initial Temperature
R-At-60-1.201

t [min] : measuring time

002m?

P; [Pa (abs)] : final Pressure

Ty [K] : final Temperature

7 nm
3

Q [I/sec] : Leakage Air Flow

BOV777



Pressurecascades - how to

Pressure and flow must be combined in order to keep pressure cascades right

What will happen if all
light-red rooms opens up
to green corridor ?

s S E ”Duw =i iy TN ST g_’_u

i
I =

[ = 55 = ,5|B§ _ g
= ———- i = - = i o
a0 A ? b = E : ] : 10
1 = B | o | - =4
1 a I

Pressure !

-Flow is faster than
pressure to ajust.




Pressure - flow - control

Example on how to keep differential flow in cascade

Op-stuer
Ventilatonsprinapper, plan
2019-07-03

Udsugning ved guiv og lok
Indblmsnng

Udsugnng

Hybid indbliesrung  loft

For klasse 3 stue for | femaen
For klasse 4 sue for h f
Ekserpeivis 3om Malton Vas OR Space

0 Pa
1 T
~[] O O «[]
800m3/h
—
O~ ~o[ — Jo- -0
Frisk I. Recirkulation N ﬁ Frisk 1. Recirkulation
T T O E 80om3}h
[
R A A v == ) Ll
loom3/n 200f3/h
Op-stue (UltraRen) Op-stue (Ren)
+30 Pa +30 Pa
10 CFU T 100 CFU
7+33 h-1 O 7+8 h-1
(Ca 120045200 m3/h) +30 Pa (Ca 120041300 m3/h)
= A=52 m2
A=s2m2 1200 m3/h il
I@“’ _”@ 15m2 I@* _9@
L1 Overtryksspjzeld -
-0
O~ Udsugning ved gulv og loft : i
0- Indblasning o
Dﬂ-

24
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Tight room — hard to pressure control

Small air change make pressure jump the tighter the worse

One way to reduce the sensibility for pressure “jumps”
-is to install controlled stable leaks.

 Holes with HEPA filter in,

« Appreco balance pressure damper (picture)

« Faster loop for BMS

« Air consuming equipment is better synchronised
« With inlet. "Open Gap” stabilises a workbench.

« Etc




Airlock as clean barrier.

How to design.

Capacity in airlocks by design.

Higher airchange =>
Lower particle concentration =>
Faster pass-through of personnel.

Concider if waiting time is only needed one way, the other no waiting time is needed.
(how to control interlock?)
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Pressure cascades — and outdoor pressure

Room in room classified rooms — Here BSL3 facility.

 ——_
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|
l
I
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In / Ex Filtration

Leaks have great inpact on the HVAC and the pressure.

E E E E Eg T3 H E 5 H H H & 2
« Leak must be taken into account : AHAE RN A AT !
while designing cleanroom facilities. ot : e T e

« A sceme as above can be used t
odescribe the level of leaks.
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Leak level, in a tacility before

Examble is from a contamination facility.

Different ways to test and find leaks is normally by
smoke and blowerdoor testing .

TIGHTNESS TEST BY CONSTANT PRESSURE METHOD

LEAK DETECTION BY ULTRASONIC

handover .

DS

/
Dansk ¢
tandard I
DS/EN I
SO 9975
‘2015

1*“d98ve
2015.'10_0?

Byg H
nj
est ngers ter, eyd
els €evn
p tgen 9ningers -
[oVNingsmegoul®iGhed —
afve etode m
Skap
Therma, t
Perfor,
e Perform,
Permeanbility, of b lf".ﬂ;?e Of builgin,
Ings — g4 grse ; term,'nation
Surizg tion of gjr
Methog
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Cleanliness calculation

Koncentration [par/m3]

Example on how to calculate different scenarios to a cleanroom ISO14644-1

5,00E+06
4 50E+06
4,00E+06
3,50E+06
3,00E+06
2,50E+06
2,00E+06
1,50E+06
1,00E+06
5,00E+05

0,00E-+00

20 60 a0 100 120
Tid [min]

140

Renrumsberegning 150

Angiv Fumnr, aller ravn

Fartikel skarrelze storre end
= Udendors Kilder

Frajoktnr.

Faqanrvarliq

[

Potunz beregner

= Udendars koncentration starre end 0.5 um

Indenders Kilder

| T | 1000000 1
buzie | potens waerdi
=
[ F0.000.000 ] partiblertm Ceout

PrersanPartikler udvikling, starrs end 5] um 0000 ] partiblertsekperson
ProcesPartikler udvikling, starre end 5] um 10,000 ] partiklertsck
Parsan & ProcesPartibler udvikling, starrs and 5] um S0.000 | partibleriah
Kilder ved start:Koncentration af starrelze starre end 3 jum 500000 partikler!
LuchageKancentration of starrelss starrs and 5] um 30,000,000 | partiblerin
Langde ] m
Eredde A
Hajde Fm
el 45| mz
Yalumen 148 m3
Luft shifte, zystem (1] e
Luft ohifts, system [2) ]
Luft shifte, spztem [1142) X
“entilation effektivitet, system (1)
ankilation offohtititet, system (2]
Reecirkulations luft, system [1) %
Persaner ] pes.
Arsallpersen 12| maztpersan
Luft mangde, spstem [1) 4520] m3th mits
Luft mazngde, system [2] 4520] m3th mits
Laekage i rum 50| m3ih | oo ma
Filter
Prefilker 1, typ o] FE partikel starrelse starrs on um ektivite i B
Prefilker 2, typ o] Fi partikel starrelse starrs ond um Frchtivite %
Pre-filter 3, tp | F partikel sterrelss sterrs ond um fektivitet % | T ]
Endle-filker 4, typ:] partikel starrelse starrs ond um ivi %
Ende-filter 5, typ el HIE___] partikel storralse storre ond um ekiviter % {1aresd)
Feacirkulation filter &, twpo it | partikel storreles starrs ond um ahtivita %
Fecirkulation filter T, type| His | partikel starrelze starre end um Froktivitet % [tnrez2)
Zystem (2] filter &, type] Hi4 partikel starrelse starre end um Fektivitet] X%
System (2] filker 3, typ| MiA | pantibel starrelze starre and um Frchtivitet % o] (1-arest)
Konstant 1
Konztant k|
Foum kencentration <fter 1 min partiklerim3
Foum koneentration cfter & min partiklerims
Fum koncentration efter 10 min partiklerim
Fum hencantration sfter 15 min partiklerims
Foum koncentration efter 20 min partiklerims
Foum honcentration efter GAumin partiklerim
Kancentration efter[ | 42] min partiklerim
Kancentration i steady-Stake partikler!m3
Fren ke chten 130 145441 120
Fen kluszen <fter Fed Std 205E I, st
Feduktion oprenghing 20 min
Fiter Rl 70
fiver 2 or¥, 0]
fitar 3 oft] i ]
£ #lers pre-Fifter, snde—titer or recireelation Fifter, ko max bereg seersad i P i

S-parzontperzon
3-hilde

Co
C-luehage

atout  EUR [FT) 50% ELS [F&) 65 %, 0,Imm
n2-out
n3-out

TR

n
N
nE-rec
nTerec

.
a3

Kee TG e 1" oc 2" G0 1B Ao ez 2] [ e 2 ) 29R2 ez ) [m3Hz]
K2=[1-2) [ 1-nr ez 1] [1nres 3 BT Contsq Cleakage [parim3]
ca[Go-Sik1-k2lk1)"chsp{-K1"" B0+ Sth1+h2ikl, ¢ [min]=1

C-at
C-steady-state
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Recovery time - calculation

Example on calculaton on recover time

Renrumsberegning ISO

Kunde Projektnr.
Projekt Fagansvarlig
Faze kS

Beregning af oprensningstid pa baggrund af DS 14644-3 - B4 recovery test

Recovery rate

Rate konstant Tidskonstant
1:10 0.1 230 4 min
1:100 0.0 -4.61 4 min

Inddata fra cleanroom beregning

Total luftskifte (1+2) 150 b’
Ventilationseffektivitet 0.7
Tidskonstanten T 4 min

9,2 min
-13,2 min

Oprensningstid 1:10
Faktisk oprensningstid 1:10

-18.4 min
-26,3 min

Oprensningstid 1:100
Faktisk oprensningstid 1:100

Note:
Opretningstiden er under forudsatning af, at der ikke tilferes infiltration
infiltration forl&nger oprensningstiden



Recovery time

Number of people, gowning type, and cleanliness level required.

Renrumsberegning 150

unde Prajekenr.
‘rojekt Fagansvarlig
g KE

jeregning af nedvendig luftmangde ift. CFU

=58/c

Ju= required air flow rate, m3's
3= total contaminat source strenght, CFLE s
;= allowed CFU concentration in the space, CFLIM3

n = number of persons in the operation room . . o
gs= =ource strenght of ane person, value gepsh d= on what kind of clothing system is ysed by the personnel , see values (¥ below H d ff t
- zurgical clothing system, ¢leanroom quality, 99 % pol A ¥garbon fibre = qz= 0,7 CFLY, u e I e re n C e I n a r I
- gingle-use surgical clathing system, 100 3 palypropylane 118 CFL, P . . .
- common surgical clothing system, 50 3 cotton, 50 13 CFis hal f t |
- surgical clothing system, 33 3 polyester, 13 carbon filike = = 24 CFLif= e I I I I S S I O n O pa r I C e S .
- common surgical clothing system, 63 X cotton, 30 X polyester, 13 €= = 50CFU=
"W alues are from Practical Safety Wentilation in Operating Rooms- An nkroduct] jungquist & Feinmuller, 2003, Chalmers Univerzity of Tehnolagy

: = allowed number of colony forming unit in m3 of air (*
o= 10 CFUYm2 for ultra elean air
= 100 CFUAm 2 for elean air
"1'Values bazed on CER TC 15 WG 12 - standardization work, [not jet publizhed)

lequired air flow rate based on allowed contaminent concentration [=cleanliness):

NB! Enter values to yellow cells below to re-calculate
v = 0,56 m3/s_| 8|Number of persons
0,7|gs value, clothing type, see above
i0|Allowed number of CFU/m3 , see above
100|Volume of the operation room, m3

Requerments is in 1ISO14644-3 for
R it high sk apration. o e Srouiae recovery time




New equiptment solves problems and gives
new problems

Instrumentcontainer How to make it safe When they turn they rip up the floor if not
extremly stable.

Smart new technology
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Questions
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A simulation by
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Simulering

RSR SterilCentra | 2017 10 30.mp4
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https://niras.sharepoint.com/:v:/r/sites/N100060/Shared%20Documents/Sales%20%26%20Presenation%20Material/Sharede%20Presenation%20Material/Videos/Sterilization%20Plant/RSR_SterilCentral_2017_10_30.mp4?csf=1&web=1&e=vJNcVj

