Bio-pharm Clean Room Design
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My Role in SHA office :
Architecture - Pharmaceutical Group leader in China

Facility Type Design Experience:

- Life Science industry — Laboratory, Pilot plan and Manufacturing
facilities

« Biopharmaceutical and Biotech Process Architectural knowledge

 Pharmaceutical Facility Architectural knowledge

« Medical Device Facility Architectural knowledge

» Sterile & Aseptic Facility Architectural knowledge

« Laboratory — BSL, Q/A, Q/C, R&D, Vivarium, Production Development Lab
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Pharmaceutical Industry can be divided Eﬁ‘fiﬂkﬂﬁﬂg * -

into:-
[ : b : [
Pharmaceutial Ingredients) ¢ [FE125 (API : EEZSIRES )
— Nat | Ext ti .
_ Organic Synthesis 1. RERIRAN

— Bio-Pharma (protein production from 2 ﬁ*ﬂléﬁz

Microbial/ Mammalian cell) 3 ﬂ;ﬂ',ﬂ;ljﬁ (*}"MZIS,
Secondary: Drug Product uﬁ?tﬁ]%ﬂﬂﬂ )

— Finished product for delivery to
patient

« Oral Solid Dosage (Tablets
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Definition Biotechnology
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Meet clean Process Function =
requirement

Enclosed process where-ever

possible

Disposable
Production and size 4
Meet URS requirement
Meet CGMP
Cross contamination
Can Cleaning o
Quality Control
High demand for Clean Utilities:
Purified Water / Water for Injection /
Pure Steam/ Sterile Air/ Nitrogen
Sterilization N
Use of CIP and SIP: Clean in Place and
Sterilise in Place for sterility assurance
Freezer /coldgoom =
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Typical Manufacturing Process

EVFIEN T SRR AIEE L

1.0

Preparation . DOW N Stl‘eam
il & * roducton Processing (DSP)
T E (DSP)

4.0
Preparation

*Equip. clean &

Sterilising
Purification

;Cell CtiltltJ_re/ 6.0 Fill bottles or
ermentation freeze vessels

=Media prep (USP)

L *Micro-filtration
R, BE & or centrifugation E%#ﬁjz
/ﬁ% *Ultra-filtration *Equip Clean & {/(\ .{ij_-: ﬁ

/ sterilisation
ﬁ'ﬁwﬁ% (USP ggiﬁ% *Column Packing
«Buffer Prep =Chromatography
E & %&J‘i%ﬁ =Viral inactivation E%
ﬁ%“‘ﬁﬁ =Viral Filtration *Filing
U p St r eam L‘ =Ultra-filtration Refrlgeranon {/(\5&
=Diafiltration *Freezing
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Upstream — LiiF T2 -

Bioreactor trains 1. EE%&F_‘L"EE
— Inoculation — Waves or Stainless 1 — LR ASEEEN

===

— Perfusion E}

— Production Fermenter sizing and design titres L ERNKMNZTEE

Harvest 2. "&EE

— Centrifugation or Micro Filtration %ﬂ}ﬁﬁlﬂfﬁ
— UF/DF Buffer exchange UF / DFZE i acHa
— Potential Process Hold Step (freezing) BIEARERS (FE)
Media Preparation 3. ﬁ@)&%
— Sgg%ls h?ndllng (Inline blender, direct vessel E”ZMLHE ( mﬂ*;ﬁﬁﬂﬂ ’ Eﬁf-\fzﬁ’]ﬂ )
addition

KRE (FiEss , R’ )

—  Sterilisation (Filter, In-situ)
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N ===,
Downstream -FIHIZJ
: AJ ‘ = : AJ
Design titre is critical for sizing down stream RERITEN TR E RERXE,

equJJ #?cr)n n?g':bg raphy 1. @iﬂaﬂ
— Storage buffers (Atex requirements) : Eggfiﬁg&%} ‘EHXE* )
— Column Packing area or in situ = = ML
— HETP and Asymmetry *  HETPFAARIIFR
UF/DF Vessels and Skids oo TriE:dE
— Concentration factors (Tulip vessels) 2. U F/ DFﬁﬁ*ﬂkgﬁ
— Flux and TFF required area. %q:'gi&

B TFFERE o,
Final fill Strategy (BDS Bundle Delivery Sys B FRAERYER

tem, bottles)

3. RIGIEHFERAE (sos mumsERs: , H

Buffer Preparation

— \(J:Hgiéin time per batch or hold for multiple bat 4. %ZFI:I;&EE*“ ‘
— _In-line dilution ° MEEHBEE!I%E?%HB)T&H@HEHH’J

—_ Solidshandling o EZIHE
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Upstream
Downstream
Warehouse, -

Raw material /finished product, security
Reject material / packaging Material

Cell Bank

Cold room Freezer

Water System

Locker Gowning System
Sterilization (Autoclave and Wash)
Bio-Waste / Bio-Treatment
Mechanical System

Electrical System

Firs;Safety; System

Space management System
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Typical BioProcess -Block Flow

Diagram BEBIgYE4) T SRR RIZE]

Class 100 Grade A

Inoculum Labs

EWEQQE Non-Classified

Class 100k, Grade D .
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SPINNER

Bio-Reactor Dimensions

12,500L

¢ " _‘fﬂ ELS

Note:- Single use disposables are
becoming a popular alternative to
stainless steel. Companies can

provide up to 2000litre bags. Ideal
for high titre microbial processes.
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Process Flow for Typical
Aseptic Fill Finish

Dispensing

A 4

Compounding

A 4

Filtration

Sterile Hold

A 4

Filling

A 4

Inspection

A 4

0.2 micron

A 4

A 4

Filtration

Coding >

Packaging







Typical Modular BioProcess Facility-Block Flow Diagram
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Biotech Plant Cross Section
Layout

Building split
Upstream/Downstream (East/West)
Preparation/Production (North/South)

Technical Space, Air handling units Th .
ird

Interstitial Space

Main utility generation on
ground floor with adequate office
space.

Clean rooms, Buffer
Hold Downstream

Clean rooms, Inoculum
fermenters Upstream

Second
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()
©
o
n
I
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c
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Multiple storeys allow process to Interstitial Space
utilise gravity and minimise
pumping requirements

Technical Space
Technical Space

Clean rooms, production
fermenters and harvest
Upstream

Clean rooms
Downstream

First

Technical Space
Technical Space
Technical Space

Office Space

Technical Space, CIP skids, WFI stills, CS generator,

GMO kill systems. G Ffoun d

Office Space
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« Contamination

» Particulate/ Microbial: main source
human

* Cleanability

« Contact materials & product
compatibility

* |solate/ Automate

* Design with end in mind. High

level of regulatory control of
standards

« Design Change control and

Impact assessment

« High level of documentation and

control
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* Process Flow- Uni-direction .

« Material/ personnel/ equipment/
waste

« Adjacencies cascade of
classifications

* Minimise manual handling S
 Materials of construction and .
finishes

» Crevice free, ledge free,
cleanable (coved corners)

* Visibility from outside to
minimise access .

o Utilize buffer room to control
the Air flow

* Modular systems
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« HVAC can used for containment or
protection

« Conflict high potency and sterility

« Air change rates and area
classification

* High re-circulation to minimise clean
up

» Electrical High energy use in particular
for HYAC and air conditioning

« UPS for critical process and controls
» High purity piping and isometrics for
clean utilities

 Minimise horizontal runs in clean
rooms
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Minimize amount of jointed . Hﬂ%/‘[\ﬁﬁﬁgﬁgg% (Z3LR%6)
ti (Tri-cl ), weld L
possible, o R B RN .
g ey s rHAEERRBRRAAN FR
clamp / O-ringed Connections . _%PQ —%—E%—Eﬁl O- H'HU:E %
Use min Diameter Piping that Allows u ﬁ}iﬁ ﬁ/J\E%E']& JEEEfG'[;F—IEI%Q
Szzecp;ig:een'I[:rli(():V\rleF;it:e?Q (:osrr\]/ee?':ical lfl‘;ﬁ,z;bﬁiiﬂﬁﬁ’vﬂ E(J MBS Z' Ijil
and eccentric reducers for horizontal - ‘_—Ll,Z‘ﬁ:iéfE/J\ B 428 A8 H [F O 72
fd”_gt;"”z _ HEREEL LK, THROLREE
void dead spaces, crevices SIZ Bk A
Any pipe dead leg should be shorter %EZK E,J £ &J:
than 3 times pipe inner diameter - Jﬁﬁﬁﬁﬁﬁ %Bﬁ
Ensure lines are sloped for drainage » (BT EIANETIREENZE
(21%) ﬁ
 FRHKEEREAE (21%)
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TR ES NRERELES-NgHRES (1)

B At
W EFRERT BA A R R KRS K.

Design Standards

Regulatory Standards can vary
form region to region. USFDA/
EMEA/ JP/ ROW

FDA move to Risk based
Validation

Design Qualification is also part
of process validation

Documentation is critical,
design quality reviews are
essential. Clients use CAPA
Corrective and Preventative
Action for issues identified in
audits

Design coordination critical to
assess impact of change. Minor
design change scan have major
cGMP (current Good
Manufacturing. Practiece) impact

FDA/ EMEA/ JP/ ROW/SFDA
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TR ES NRERELES-NgHRES 3)

« Steam through fully open valves.

Steam completely through the valve
to a steam trap on the far side of the
valve.

* Introduce steam at the highest

point. Remove condensate at the
lowest point and steam downslope.

* Introduce steam slowly to avoid air

entrapment

* Pipe lengths kept minimised, less

condensate formation.
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Minimize amount of jointed connections (Tri-

clamps), weld were possible.

Process Heating and Cooling (Glycol, Water,
Steam) for vessel jackets

Clean Steam for SIP sterilisation and in situ
media sterilisation.

WFI, RO, Purified water. (Hot, ambient, chilled).

For buffer and media make ups, clean steam
generation, dilutions and Clean in Place (CIP)
rinsing.

Process Gases, clean Air for vessel blankets,
pressure transfers, CIP blowdowns and SIP
vacuum breaks. Clean nitrogen for inert
blanketing and transfers, Oxygen for dissolved
oxygen control in Bio-reactors.

CIP chemicals, Caustic and acid.

Process vents, N2 venied to.roof air can be
vented to technical space.

HVAC for clean room areas grades CNC to
Grade A, gowning areas and- office space
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Bio-pharm Clean Room Design

EDHESTEREFHR- CGMP
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EPHSTRFR- CGMP

HARGMPEECGMP
No Surprising AR - R
Uniform, Consistent, * Frﬁl%%_‘ﬁg, _‘ﬁﬁg
Control, Control , Control o HAERTIIEH| HE—LE)
gloer?trsg:glceontamination | ﬁ%&}—%%ﬂ{%ﬁ%
Standard operation o ZX UKL S AT RS Y

.......................................... - I EALRIERAE
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Flow

cGMP Compliant Facilities

Clean Room

* Air Control-HEPA
e Contamination Control — Material &

* Material Control — Cleanable Material

* Operation Control- Flow & SOP

 Validation
 Q/C and Q/A
e Product Control

FSKi=HI-HEPA
szl - YEIRRE
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Pharmaceutical Industry
Architectural Approach

The documents reviewed included regulations from the following
countries:

« United States (FDA)

« European Union (EMEA)

« UK (MHRA)

« lreland (IMB)

 Australia (TGA & EMEA)

 Brazil (Anvisa)

 Argentina (Anmat)

« Canada (Canada Health)

« China (SFDA, MOH & AQSIQ)

« Japan (PMDA)

« Korea (MIC)

 India(DCGI)

 .Russia (NP

«  World Health Organization (WHO) Annex 4

« . International Conference on Harmonization (ICH) Q7Awm.

.. Mexico(NOM-059-SSA1).
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Clean Room Class Ratings
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Lower Classification (CNC)

Lower Classification (Grad C)

Most Strictly

Classification
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Lower Classification (CNC)

Lower Classification (Grad

Most Strictly
AlL Classification A/L

C)

Street Level
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CLCAN ARCA 210 CFH
007 INVG

o BIOCONTAINGD
BIOCONTAINCD BIDCONTAINED

CLEAN AREA | 007 INVG CLEAN AREA /l -ocz mvc

A AIRLOCK
007 VG | | -eo7 mve
mn—cus.mtn CORRY

anz VG
DOR

002 INVG D 2 mvs
NON-CLASSIFIED CORRIDOR < NON-CLASSIFIED CORRIDOR

THE PRESSURC BUBBLE AIRLOCK
AIR DISTRIBUTION

b) Non-unidirectional airflow - 02 VG 002 MG
1~ SIFIED CORRIDOR NON-CLASSIFIED CORRIDOR

« FERETFSH . S——— e —

POTENT COMPOUND

POTENT cmun
cLEAN

THE POTENT COMPOUND AIRLOCK
AIR DISTRIBUTION

THE POTENT COMPOUND AIRLOCK

BIOCONTAINED

~002 INVG

082 IN
NON-CLASSIFIED CORRIDOR

THE PRESSURE SINK AIRLOCK

AIR DISTRIBUTION




SEL S AR AN 355 19+ =2 58 BT B R A

 Wall - GWB, CMU, Clean Panel,
Partition

« Wall Finishing — Low VOC
Epoxy, Latex, Reinforced Epoxy

* Floor — Low VOC Epoxy
Flooring, Sheet Vinyl, Acid
Brick, Sealed Conc

* Ceiling- GWB, Clean Panel,
Mylar Acoustical, Exposed

» Cove- Epoxy, Vinyl, Stainless
Steel

 Connection — Stainless Steel

 Joints.-.Silicon.Sealant,
Stainless Steel Clip

* Equipments
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Clean Room Wall Sections and Low
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Typical Clean Room detalls

Bl AEFE

THREE SIDES
/_ CLEAN ROCM WALL
PANEL

=l ok
T ERE

FLUSHDOCR
FRAME

R TR

CLEAN ROOM
WALL PANEL
T ERE

,— CLEAN ROOMWALL
PANEL

w3l Uk

SILICON JOINT SEAL
RiEat ]
Z ADJUSTABLE EPOXY

FLOOR PLINTH

WARS RS

RESINUGUS CGVED
LOCORING ]

EEELIE

FLUSH DOCR FRAME
SR TR

DOOR SEAL THREE
SIDES

wEl ik

EAN ROOM WALL PANEL
T ERE
SIT-ON SKIRTING
EE
FLOOR TEE
/7} WEIVEE

RUBEER/\/INYL FLOORING
T S

T

STAINLESS STEEL

LIFT-OFF HINGE
1 HMLERIE

CLEAN ROOMDOOR
PANEL
= E

CLEAN ROOM J

DOOR PANEL !

DOOR HEAD SECTION—TH DOOR JAMB PLAN PANEL BASE SECTION
R

17 L AE 1:5
/ 8mm TEMPERED
SAFETY GLASS
AL L L
PROPRIETARY
/ GLAZING TAPE
R E

SILICONE SEAL
=z

Lad |

PANEL BASE SECTION
R 2 i 1:5

25 x 7omm

PVC COATED
GALY STEEL
ANGLE TRIM

25 < T3l ¥
FAERE L

o

SILICONE SEAL
+%=

PROPRIETARY

GLAZING TAPE
U

lss:a

CLEAN ROOM

WALL PANEL
T

BLACK EDGED

MARGIN TO \

GLUT RANEL
GLASS

itz

ﬁYgTOUNGE SMOOTH WHITE PV
COLD WELD (TYP.)
e O
JUNCTION DETAIL
DEPENDENT ON

\ PVC COLD
WELD

T AR

&mm TEMPERED l;yg‘TOUNGE

CLEAN ROOM

WALL PANEL
RS

9

SMOOTH WHITE PVC COLD WELD
BT L
PVC COVING & ALUMINUM

COVE HOLDER
O

i s

CLEAN ROOCM
WALL PANEL

T ERE

SILICONE SEALANT
e A7
CLEAN RCOM
WALL PANEL

T ERE .

L 555 !

WINDOW JAMB PLAN

sl I

ll

WALL INTERFACE PLAN

5

SAFETY GLASS
ATEAHIL S A
BLACK EDGED
MARGIN TO
GLASS

Mk

Oz

1:5
SMOOTH WHITE PYC COLD WELD

W T

EEc IRl E
PYVC COVING & ALUMINUM
COVE HOLDER

TV TS L

CLEAN ROOM
WALL PANEL
T ERE

SILICONE SEALANT

REL A7
CLEAN ROCM

WALL PANEL

TERE

CLEAN ROCM
WALL PANEL

RS

WINDOW SILL SECTION

LOCATION
BT TR R e

SFDA PROOF
S\L\CONE SEALANT

PANEL CORNER TRIM PLAN

WhlE 1S

@ WALL INTERFACE PLAN

1:5

25 x 50mm PVC
COATED GALY
STEEL 'U' TRIM

I3 < Ehw PYOSE R T ki
CLEAN ROOM

WALL PANEL
THERE

GYMBOARD
GYMECARD

WALL INTERFACE PLAN

1:5




Floor Material —iiE$44l

Mipolam Biocontrol

The Cleanroom flooring
Commercial flooring - Cleanroom flooring

Cleanroom certified: for use in ISO4 and GMP Class-A cleanrooms
BREINE : Bl ECERPSRAEE~RESEN CAN T REEH
Heavy Traffic resistance: forklifts...

i - X5

Outstanding Chemical resistance

ML an tEEENF

Ceiling Material = Armstrong Clean Room Ceiling System
I - fIBEERIRERS
15/16” Co-Extruded Clean Room
15/16” Clean Room FL, or VL Tiles
W/.Gasket.sealer.and.Clip.—.Final.SEDA approved Silicone
Cleanroom certified: for use in 1ISO4 and GMP Class-A cleanrooms
mR=INE : EfRtECER A SmREE~RESEN CAN T REEMH
Excellent Sound Block CAC (35-40)
(CE=gEs =]

Durable-Washable, Scrub able, Soil-resistant

WA, |k, B, Bhe



http://www.gerflor.com/products/professionals/floor/cove-former.html
http://www.gerflor.com/products/professionals/floor/cove-former.html
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* Fire zone related to clean room 0. & o S pte s A )

area

- Definition of storage and FiEEFeENEX S S =EREm
Warehouse

* Egress Corridor-1 hr. fire rated WEEEEER - LUNBIBEN BRI E A

 Fire stop

- Fire Extinguisher BEGREIRSE S =R

* Fire rated door

» Sprinkler head seal RAKBXERE

B IR E R R AR SR =R

EESLBEI SR ERRI

chawm:
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BIO:
This is a conversion

project from existing high
bay warehouse to a two
story high, 500 Liter
disposable bioreactor
manufacturing involved
Cell bank, Upstream,
Inoculums, Downstream,
media/buffer prep, wash
room and Fill Finish
w/Isolator. — Completion
1Q 2015

= AV 25

XENREHERCEARER , 500H—

REEVI RMERHIE S R AR , Libs ,

'%*FFJE  Fibg , RITER R | TEERIEIRYYE

RIRE | #E%nﬁﬁﬁ#%lﬂm% -B—FE
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Case-Study

BIO-PHARMA-CASE STUDY
LA 2




Advanced Technology Res

335,000 S.F., 3-stories grass roots laboratory and pilot plant facility
which made up 4 separate wings for cancer research center,
comprising administration block, ATP, CCR and BDP pilot plan and
laboratory. Focusing on all phases of pilot plan and QA/QC labs from
schematic design to completely construction document.

Pilot Plan is multiple scale from 10L to 1,000 L
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Bio-pharm Clean Room Design
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