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British standard 5295 1976
Federal standard 209 D.

21 CFR Part 210 -

21 CFR Part 211 -

21 CFR Part 212 -

Current good manufacturing practice
in manufacture, processing, packing,
or holding of druge general.
Current good manufacturing practice
for finished pharmaceuticals.
Current good manufacturing practice
in the manufacture, processing,
packing or holding or large volume

parenterals for human use.

NIH guideline for research involving recumbinant DNA

molecules.(NIH guideline)

Biosafety in microbiological and biomedical laboratories.

WHO Biosafety manual.

3A - Sanitary standard.

Sanitary design of food processing equipment.



) #
#
#
1.1 #
1
1.1.1
(Quality standard and water treatment)
1.1.2 (Water system
design concept)
1.2 (Classes and quality
standara)
# (
# #
(Source) (Treatment)

(Quality) £ (Use)

4
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a
a
Klink, A.E.1 a
a 3 3 a The
Pharmacopia, GMP’s FDA LVP-GMP* (Large volume
parenterals-Good manufacturing practices)
a Deionized
water Distilled water
a
14
1.3 a
42 CFR P1t.72 a tf tf
(Municipal drinking water) 8 (Code of

Federal Regulation)

a 1

IArthur E. Klink "sterile Water,"in Fermentation

and Biochemical Engineering Handbook, ed Henry C. vogel
(Noyes Publication,1983),p. 363-386.
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Different Water Classes and Quality Standards
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Mg?/ery 5%5 fagr Y arine%%n emtobe hot recirculation or drainage

ﬁ

14 #
Arthur E. Klink,"sterile Water,"in
Fermentation and Biochemical Engineering
Handbook, ed. Henry C. vogel (Park Ridge,
N.J  Noyes Publication,1983),p. 369
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Mineral removal USP XX( 851)
Chloride,
Sulfate, Ammonia,Calcium

(No added chemical substance)

Microbiological Control FDA

(Residual chlorine)

Total microbial removal

1WNIVERS) 1, 10
50 (Viable particles)
Pyrogen test USP XX
902

1.4

1 (Well water)



206

15 (
Arthur E. Klink, "sterile Water,"in
Fermentation and Biochemical Engineering
Handbook, ed. Henry C. vogel (Park Ridge,
N.J.: Noyes Publication,1983),p.371

Level Name

I Well water

|l Drinking water (this class includes
chlorinated deionized water)

I Purified water (USP) used for critical
bulk batch applications

Y Water for final rinse and formulation
(water for injection,WFI,USP) in

parenteral areas

Cleaning and initial rinse operations in pareateral
areas will be performed using drinking water with
suitable chemical and microbial qualities.

Sterile product cooling will be performed by using
drinking water for suitablechemical and microbial
quality or by use of water for final rinse and

formulation(WFI)
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2 (Drinking water)
(42 CFR, Pt. 72)

(Bulk chemical processing)

3 (Purified water)

(No added chemical substance)

(Bulk batch application and non parenteral
product formulation)

(water for initial rinse)

Deionizer

ultrafiltration (UF) , (Storage tank)i

29
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Ust

D-l UF STORAGE +—
POINTS

Level Il Water- UItraflltr?]tlon Treatment, U/F unit would he
sterlllzed as required %a erHnate (ﬁ) means. Storage tank ﬁnd is-
tribytion system wouldbe sa as require garB ot water.or che cﬁl
reatment E%g Agpgro na ushmg Reprinted by permission 0

arenteral socldtion!

-
JACKETED o2
EQUIPMEN AN
—
STEAM
STEANM
TO JACKET
o~ -\]
F.
<2.2.

g AP HEARAI SEO) HEE £ PR
asrgl0 (l:zgt On?aregu ar asls epnnted y permission o the arenteral Drug

29 « (Purified water)
Arthur E. Klink,"sterile Water,"in
Fermentation and Biochemical Engineering
Handbook, ed. Henry C. vogel (Park Ridge,
N.J.: Noyes Publication,1983),pe 373



and water for final

1.4.1
daily)

1.4.2

n n

31

209

a(Water for injection, WEFI

rinse)

80 C

(Water is discarded
(Piping system and use point)
(Daily flushing) 30
(Monitored)

( 80 °c)
(Interlocked)



210

— —

ILLATI OTORAGE
SUPPLY WATER DISTILLATION o

FORDIFIRETNP DISTRIBUTION

30

Arthur E. Klink,"sterile Water,"in
Fermentation and Biochemical Engineering
Handbook, ed. Henry ¢. vogel (Park Ridge,
N.J.: Noyes Publication,1983),p. 374
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HOT DISTILLED

VALVEs To &g

VACKETED
STORAGE

STEAM TO
JACWET

31

Arthur E. Klink "sterile Water,"in
Fermentation and Biochemical Engineering
Handbook, ed. Henry c. vogel (Park Ridge,
N.J.: Noyes Publication,1983),p.374



1.5.

1.5.1

32

1.5.1.1
1.5.1.2

(Dead legs)

1.5.1.3

sHUR

(Quality Control)

(Final rinse)

212

(Batching)

(Flow through)

33
(Dead legs)T«
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DISTILLATION
EQUIPMENT

NE ¥ TANE % TNK “3

32

Arthur E. Klink,"sterile Water,"in
Fermentation and Biochemical Engineering
Handbook, ed. Henry ¢. vogel (Park Ridge,
N.J.: Noyes Publication,1983),p.374
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-
DISTILLATION
EQUIPMENT

— | sTorRAGE
TANK

33

Arthur E. Klink,"sterile Water,"in
Fermentation and Biochemical Engineering
Handbook, ed. Henry c. vogel (Park Ridge,
N.J.: Noyes Publication,1983),p.375
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1.6

1.6.1
(Production of WFI)

Reverse 0oSmosis

1.6,/ logk

1.6.1.1.1 Single-stage distillation
1.6.1.1.2 Multieffect distillation
1.6.1.1.3 Vapor-recompression Distillation

1.6.1.2

1.6.1.2.1
Stainless 316 L
1.6.1.2.2

(Sterile filter on all vents)
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1.6.1.2.3

1.6.1.2.4 a

(Cooling waterH

1.6.2 (Storage of WFI)
1.6.2.1
80°c (Concept) 2
1.6.2.1.1 (Batch storage)
1.6.2.1.2 (Flow through)
1.6.2.2 3

(Storage tank)

1.6.2.2.1. (Heat transfer)
a 80 °c
a Steam-
heated dimple jackets a
' a a
a a
(chlorides)
(Stress-corrosion) Stainless
1.6.2.2.2 (Design pressure)
3 (Steam sterilized)

30 psig
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1.6.2.3 <Material of construction)
(Highly corrosive)
(Low-carbon grade)

1.6.2.4 (Vent system)
(Sterile filter)aw ~ 0.22 um
\i

Steam jacket

1.6.2.5 (Instrumentation)

$
(Stagnant area)fl

1.6.2.5.1 (Level indicator)
Flush type diaphram level
transmitter (Dead pocket)
1.6.2.5.2 (Temperature-

recording controller)
Jacket 80 C
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(Alarm) 80 °c
1.6.2.5.3 (Pressure gage)
(Vent filter)? 34 I
1.6.3 (Distribution system)
1.6.3.1. ,
(Dead legs)
6
1.6.3.2
|
1.6.3.3
1.7.
WFI 2
1.7.1 (Series distribution)?

WFI
35
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ATM

VENT
pSY

5TEAM  JACYETED
VENT FILTERED

SR MGE
VESSEL
MIN s
/ P
AT Lﬁ——%-g—k[—{ 2
STEAM . X steERIlZaTON

L4

To
JICYET

To DIST?QUHOH HEACER

@—N —_ CONDENSATE 2EMOWAL
‘ & Fead STEAN sTElUZaTIioN

Steam sterilization of storage vessel.

34 (

Arthur E. Klink,"sterile Water,"in
Fermentation and Biochemical Engineering
Handhook, ed. Henry c. vogel (Park Ridge,
N.J.: Noyes Publication,1983),p.381



WATEQ
FoRr

INJECTION

RETURN To
STORAGE

USER
Vv

WATER FOR.
INUECTION

FROM

STORAGE
SUPPLY

MAN SLUPFLY WEDDER

N

USER

BSER
I

Series distribution configuration

35

Arthur E. Klink "sterile Water,"in

»

220

i
d3sn

Fermentation and Biochemical Engineering

Handbook

ed. Henry c. voge

(Park Ridge,
N.J.: Noyes Publication,1983),p.382
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(Flow-halancing)
1.7.2 11 ‘(Paralled 'distrib»utiAonﬁ1

d
36 )

(Flow balancing)

(Hybrid distribution) 37
1.8. 1
Barrer,P.J. 1 )
4
1.8.1 (General purpose water)
A
2

1IPeter J. Barrer,"Crucial Factor for Design of a
Pilot plant," Biotechnology (October 1983): 661-666.
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Arthur E. Klink, "sterile Water,"in

222

Fermentation and Biochemical Engineering
Handbook, ed. Henry c. vogel (Park Ridge,
N.J.: Noyes Publication,1983),p.383

WA (ER
FoOQ@
INJECTION | 4

MAIN  RETUQN HEADER

RQETURY TO I 7
STORAGE

USER UoER| USER
y } 1 J N

WATER FOR
INJECTION

=

: o

—f 5

MAIN  SUPPLY  HEADER

Parailel-cJislributiun configurailO
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37 !
Arthur E. Klink,"sterile Water,"in
Fermentation and Biochemical Engineering
Handbook, ed. Henry C. vogel (Park Ridge,
N.J.. Noyes Publication,1983),p.384
| WATER
FOR MAIN RETURN HEADER
WNUECTION ™ .
RETURN To 9 w kg
STORAGE
s i &]w T}W;“
SUD HEACER
Jealir] ool e
.WATEQ FOR.
INJECTION
SUPPLY
FROM 7 TR ?ff_"J
STORAGE MAIN  SUPPLY HEADER

Hybrid-distribution configuration.



1.8.2

1.8.3

1.8.3.1
1.8.3.2
0 °F (-18 °C)

*1

224

(In-process water)

(Cooling water)

39°F (4°c)
Ethylene glycol

(Multiple-temperature for cooling)

Cascaded cooling

loop



1.8.4

1.9,

1.9.1

1.9.1.1
1.9.1.2
1.9.1.3

225

«

(Boiler feed water)

(Drinking water)
(Purified water)

(Water for injection)
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( 3) |

(Water consumption)

1.9.2

1.9.2.1
1.9.2.2
1.9.2.3

1.10.

1.10.1 $
1.10.2 A (Final rinse)
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(clean steam)

(Heating source)

2.1 '

2.1.1 (Sterilization) 2

2.1.1.1 (Media sterile)

2/ 10 %

(Manufacturing equipment,Distribution

pipes In lines item and Instruments sterilization)

2.1.2 , (Process heati

(HVAC system) '

2.2
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2.2.1 (Feed water)
2 (Evaporation
process)
2.2.1.1
(Volatile constituents) ,
2.2.1.2
(Solid content)
(Impurities)
(Feed water)
3 (Volatile
organic) Activated Carbon
2.2.2
(WFI)

(WFI)
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(Droplets) (Feed water)
(Primary steam) (Heating
source)
(Woven mesh demisting pads)
Baffle
2.3
2.3.1
316 L
2.3.2
(Primary steam)
2.3.3 (Demisty pad)
y p
(Steam trap)
2.4

(Steam
generator)
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( (Peak rate)

= |
2.4.1, (Media sterilization)
2.4.2 (Fermenter sterilization)
2.4.3.
(Kill tank)

45 psig 135°¢
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Lewis, H.F.3

16

Edward Roeloffs* (Specification)

17

3Syska & Hennessy, Inc. "Services, "in Laboratory
planning for chemistry and chemical rngineering,ed.
Harry F. Lewis(New York:Reinhold Publishing Corporation,

1967),p.47
AEdward Roeloff ,"Electrical Specification for

Pharmaceutical manufacturing equipment,” Pharmaceutical
Technology (January 1985):32-37.



Nericd resath
PremeceLtical prockcts ressarch

Foodlprocks ressath

LABORATORY LOAD DATA TABULATION
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16

!
Syska 1L Hennessy, Inc. "Services, "in Laboratory
planning for chemistry and chemical engineering,ed.

Harry F. Lewis(New York:Reinhold Publishing Corporation,
1967),p .47
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17

Edward Roeloffs,"Electrical Specification
for Pharmaceutical manufacturing equipment,
"Pharmaceutical Technology(January 1985):
32-37.
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M. Kauls

(Clean room)

Federal
standard No0.209 D

500 (Artricle 500 of the National
Electrical Code, NEC) 2 (Divsion 2)

(High risk explosive)
Soderberg6
(Low intersive energyHlI
T
(Recovery process)
(Phase change)

SM.Kaul,"Electrical Design in clean Rooms,"
Pharmaceutical Technology (December 1985):40-46

°Allan ¢. Soderberg, "Fermentation Design,” in
Fermentation and Biochemical Engineering Handbook,ed.
Henry ¢. VogeKPark Ridge,N.J.: Noyes Publication, 1983),

pp.77-117
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3.1, # (Energy for agitation
system)

3.2 # (Energy for aeration
system)

;o #
’ (Agitation)

3-5 / 1

(Bearing) 50-75 %

3
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4 19
17 atf
4.1
(Process
waste) (Non-toxic waste)
! 1?7 17 '
(Domestic waste)
17
4.1.1
4.1.1.1
(Liquid and solid wastes from recovery processes)
431.1..2
(Liquid wastes from extraction and purification processes)
4.1.1.3.
17 (Liquid and solid wastes from recovery
processes)
4.1.1.4. (waste cooling
water)
4.1.2
4.1.2.1.

(Floor and equipment washings)



sanitary

SA

2317

4.1.2.2. I
(Laboratory wastes,

and miscellaneaus wastes)
4.1.3
4.1.3.1 (Hydraulic load)
4.1.3.2
4.1.3.3
(Industrial characteristics)
(High dissolved and colloided solids),
(Varying PH), BOD
: (Toxic),
?
18
5
A
4.1.3.4
4.1.3.4.1 (Physical treatment)
4.1.3.4.2 (Chemical treatment)
4.1.3.4.3 (Biological treatment)

38



Waste
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18
Wesley . Eckenfelder,Jr."Biological

Treatment of Pharmaceutical Wastes"
Biotechnology and bioengineering,
vol.1V (1962) pp.171-180

BODs (mg/l) SS(mg/l) pH Nitrogen(mg/l)

1,500-1900 500-1,000 1-11
20,000 10 9.3 1,200
8,000-13,000 - X —

B-1,B-2,B-12
Steptomysin,Lysin,Suifaquinazoline,Nicarbazin
Glycamide
Terramyecin
(Broth)

(Residul sugar)
(Trace of antibiotic)
Pennicilin
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PRI AHY SECONDARY FINAL
(PHYSICAL) (BIOLOGICAL) (CHEMICAL)
SEWAGE
- Solids M Took CHEMICAL
COMMINUTE DIGESTER FLOCCULATION
Sldd
. i4n¢ | ,
GRIT FILTER =
LERATION I T
S LES Liquid
PRIMARY SECONDARY|Liquid
SETTLING | SETTLING CHLORINATE
~. Altarnate Poih I
‘ TRICKXLING
FILTER l {'
Sollds SR | o
Disposal I Disposal

Major steps in sewage treatment.

38
Nandor Porges,"Newer Aspects of waste
treatment ", Advance in Applied Microbiology
VOl 2 (1960) p.1-29
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4.2

(Aerosal)

(Down-steam processing)

o

4.2.1

and 1.1

(Decontamination of air from the work environmental)

(Ventillation)
(HEPA filter)
(Heat sterilization)
4.2.1.2

(HEPA filter)

(In situ steam



sterilization) (Incinerator)
4.2.2
4.2.3
tank) ifa (kill tank)
128 O¢ ¢ 253.9  KPA
30

39

241

800 ‘¢

(Holding

~ ']
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39
R.T.Acton and J.D.Lynn,"Description and
Operation of a Large-Scale,Mammalian Cell,
Suspension Culture Facility,"in Advance in
Biochemical Engineering, ed. T.K.Ghose,
A .Fiechter,N.Blakebrough(Spinger-Verlag )
vol.7 p.85-110
Fan incinerator
Hood
exhaust
L |
W\
Air hancler
Roof Layout
- Im I Incinerator p———————= Gas
JFTENTY
\
Culture
Ground Culture Process Vessels
Floor

Harvest

Supernation l—

Liquid

Under Ground J

Steam

Separation L

Gas

i|
i

Liquid To Waste Treatment

dystem
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5
5.1
5.1.1
(Aerobic fermentation)
5.1.2 '

(Liquid transfer by compressed air)

5.2
5.2.1
100 0.5
100 !
5.2.2
(Oil-free
compressor)
5.2.3
(Dehumidified)

3-A accepted practies for supplying
air under pressure in contact with milk, milk products

and product surfaces”



5.3 #annunifiavkuvaviaiavainadaia

! = 0.2-2 N
= 50 psig

25-35 °C

Oil free shaft seal.

Packed seal

Mechanical seal

finit8 < 10 Hp

TR.T.Hatch,"Gas Compression",In Comprehensive
Biotechnology, ed.Murray Moo-Young(Pergamon press,1985)
vol 2, p. 273-277

8¢ f . 289
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6. ifaral , 3} "7
mai'
1. 0.5 psi/l100 ft.
50-150 psig
2. A i t 0.5 psi/f100 ft.
(Instrument air)
# 100 psig
3. 7 #) 2.0 psi
(Fermenter air)
50 psig
4. Scheduled 1 a 6-10 ft/sec
40 steel plate
5. a A a 2.5 ftlsec
{ ¢ ¢ a I
mairin 0 3-A standard fia

"Permanantly installed sanitary product-pipeline and

cleaning system"

9Allan ¢. Soderberg,"Fermentation Design,"In
Fermentation and Biochemical Handbook, ed Henry ¢, Vogel
(Noyes Publications,1983) p.77-118.



) 1 ]
(Tank
and vessels) (In process piping system)
(Pump) (Valve) ,
(Hygenic design)
"Hygienic

Design of Food Plant:a guide to good practice with

particular reference to the design of tanks, pumps, and

pipework", The Food Manufacturers Federation and
Food Machinery Association. ! Food
Processing 1964 1965

1978



77 (tank and vessel system)

40

(Agitators?
(Mixer) (Port)

(Cleaning in place)

(Piping Circuit)

2.1
2.2
2.3
2.4
2.5

247



onriection

TgARTTIOREICET

40 qana0§zuuﬁquazﬁauaaojnﬁﬁﬁmﬁﬁaQEnw1aanuuunﬁvqn§nvmsﬁﬁ
Joint Technical Committee,FMF/FMa,"HYgienic design
of food plant (1967)," in Hygienic design & operation
of food plant,ed. Ronald Jowitt (Westport,Connecticut;
The AVI Publishing Company,Inc.,1980),p.242



3.1.

(Function)

(In place chemical cleaning)

3.1.1 |

3.1.2
3.1.3
3.1.4
3.1.5

(hook-on type)

3.1.6
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3.1.7

3.1.8 '

3.1.9 (Sealed)
(Glands and bearing)

(Agitator)
Mechanical rotary seal
3.1.10

3.1.11

(Cleaning in placeHw

3.1.12 (Agitator system)
(Top entry)

£f

3.2 (Fabrication)
3.2.1

3.2.2 ifaw
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(Slag)
3.2.3 Stainless
3.2.4
(Butt welded)
3.2.5 # (Mild steel)
3.3 (Installation)
3.3.1
8
3.3.2 (Sensor)
(Service)
3.4 (Material of construction)

SL316
SL 304 Aluminium



?
41 42
4
4.1 a (Pipe connection)
(Butt welding)
(Fitting)
(Fitting)
-
a (Fitting)
4.2 (Gaskets and joints)
4.3 (Fastening)
(Threads)

(Bolt) (t)

252
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Joint Technical Committee,FMF/FMa,

"Hygienic design of food plant(1967)," in
Hygienic design & operation of food plant,
ed. Ronald Jowitt (Westport,Connecticut
The AVI Publishing Company,Inc.,1980),p.251

RETRACTABLE SPRAY BALL FOR
INTERNAL CLEANING
CONTINUQUS WELDING OFFSET MINGES TO PREVENT
THROUGHOUT — CONTAMINANTS DROPPING INTO
- TANK WHEN LD 1S RAISED
° HOOK-ON TYPE HINGE
> PROBE CONNECTION (EXTERMAL THREAD)

TOP STIRRER MOUNTING MUST BE
FITTED WITH AERO TYPE NUTS

\\
ZHRAN

WELO ONE SIDE ONLY N
F METAL IS THIN Wi
ENOUGH TO aLLOW

CLEAN UP OF l
PENETRATION

/
-

= T~
527:-!:’ \

I DuULL PCOLISHED
| wisa

/
571773 “'710075"06
/)

\BU" WELDED JOWTS - WELD BOTH
SIOES THEN GROUND FLUSH - NO
UNDERCUTTING

N

SPINNER
ATTACHED
TO STIRRER
SHAFT.

vao NECK TO! / // y

BE SHROUDED BY '
SPNNER TO PREVENT

~
~

FOREIGN wnsu(\\ =
ENTERING VESSEL. [

FLUSH FINISHED|
PIPE CONNECTION

ALTERNATIVE TOP &
STIRRER MOUNTING

~TUBULAR SUPPORT

STAINLESS STEEL
TROUSERED LEGS

ALTERNATIVE SUPPORT ARRANGEMENT
ADJUSTABLE FEET & SPHERICAL™ END.

ALTERNATIVE ~ OUTLET

1{ 3 w T MGON ARC
NOTE - ALL WELDING TO BE ARGO A AANGEMENT

- Tark cisign featies.
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42
Joint Technical Committee, FMF/FMa,
"Hygienic design of food plant(1967)," in
Hygienic design & operation of food plant,
ed. Ronald Jowitt (Westport,Connecticut:
The AVI Publishing Company,Inc.,1980),p.286

examples of bad tank design

-

PRODUCT WHICH CANNOT

BEDRAINED —
\erzprzrezn \/ M

EXAMPLES OF GOOD TANK DESUSN

—Tank desigrs.
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4.4 (Connection to tanks)
(Fitting)
4.5
«
(Fitting)
4.6 (Tu pieces)

(Necked out)
(Side branch weld)

4.7 (Reducting pieces)

(Self-draining)

4.8 (Installation)

(Self-draining) 1 10

4.9



4.10

material)

Polypropulene nylon

(Food qulaity rubber)

butadiene/styrene silicon rubber

43

(Food grade

chloroprene

256
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43
Joint Technical Committee, FMF/FMa,
"Hygienic design of food plant(1967)," in
Hygienic design & operation of food plant,

ed. Ronald Jowitt (Westport,Connecticut:
The AVI Publishing Company,Inc.,1980),
pp.267-281

INTERNATIONAL  SANITARY

STANDARD 1SS

INTERNATIONAL DAIRY
FEDERATION 1D F

RNG JONT TYPE
RLT Bs 184
VAOD




RaR

43 (@)

73

1

LSS, Type.

258

& - ' ' '
u.a’amnﬁmsm‘:aanuuuuas’mnwtﬂauaanauuuaw |

o
9O BEND- ENDS MALE AND NUT. 45°BEND-ENOS MALE AND NUT.

&7
N . SR |
| -
TE ALENSME
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AING JONT TYE \
RIT Bs 1% i =
) }

AMERICAN 3A (D\E \UNT

GROUND SEAT Bsm

SWEDISH DESIGN CLAMP ——  SANDVIK PROPRIETARY TYPE
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Peristaltic

Fluid diaphragm

Diaphragm

Air-lift

Ejector:
Steam- operate
Air-operate

Open impeller kinetic:
Propeller (axial flow)
Centrifugal

Cloced impeller kinetic:
Centrifugal
Screw (axial flow)

Rotary positive displacement:
Single rotor flexible lobe
Screw in flexible stator
Double rotor lobe

Various gear types:
Sliding vane
Worm and wheel

Reciprocating:

external valves

Single plunger

internal valves

(

Multi- plunger (external valves
Single plunger (
(

)
)
)
Multi- plunger (internal valves)
Single acting piston (external valves)

Double-acting piston (external valves)



261
Single acting piston (internal valves)

Double-acting piston (internal valves)

(Fabrication)

5.1

5.1.1

(Dead spaces)
(Turbulence-promoting)
5.1.2 (Cleaning-in-

place)

5.1.3
(Joint and

seal)
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5.1.4
(Male thread)
60 8
5.1.5
(Clearance)
(Self-draining)
5.1.6 (Clamp rings)
(Bolt)

(Pump bodies)
5.1.7 Positive pump

5.1.8 '

(Electrical overload protecting)
(Excess-pressure switched relays)

5.1.9 (Bearing and housing)
(Sealed) !

(Self-lubrication)
5.1.10 Mechanical sealed



263
5.1.11

5.1.12
(Hosing)

5.2 (Location and

ancillaries)

5.2.1
(Drive)

5.2.2
4
5.2.3

(Self-Tubrication)
5.2.4 (Supporting framework)

(Sealed)
5.2.5



264
5.3 #

(Gasket, sealed and bushes)

nylon Teflon

44

6.1

6.1.1. Glandless valves
6.1.1.1 Pinch cock (Mechanically or fluid operated)
6.1.1.2 Diaphagm
6.1.1.3 Diaphragm sealed (between the product and

activating mechanism)

6.1.2 Butterfly valves.

6.1.3 Plug cocks, including ball type

6.1.4 Standard globe, needle and valve
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44
Joint Technical Committee, FMF/FMA,

"Hygienic design of food plant(1967)in
Hygienic design & operation of food plant
ed. Ronald Jowitt (Westport,connecticut:

The AVI Publishing Company, I n ¢ 1980)p.256

ROTATING SEAL STATIONARY SEAL
FACE FACE

PUMP
CHAMBER
DSPHERE

- Mechanical seal in food pump at entry of driving shaft through
wall of pump chamber.
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it ciign

’Fl\_:—_’l’_]r’/' :I

Ta

L'/' Djﬁj

DEAD VOLUME UNSWEPT THIS VOLUME SWEPT
BY FLUID FLOW BY FLUID FLOW

]

~

/I

Mified ciign

i
%_e'd
ey ]““ _

LY

- Hygienic cksion of purvpinproved by repositoning outet brarch
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Pulg valve
Gate
valve
(Sealing mechanism)
6.2
6.2.1 Diaphragm
6.2.1 Lip seal
6.2.3 0 ring
6.2.4 Packed gland
6.3
6.3.1 Stop and regulating valve
6.3.1.1 Glandless vales
(Cleaning-in-place) Pinch cock valve

Diaphragm valves



(cleaning-in-place)

(Automatic operation)

6.3.1.2 Butterfly valve

Pinch valve

6.3.1.3 Plug cock valve

Plug

Plug

268

Ball valve



6.4

6.3.1.4

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

6.4.6

6.4.7

Globe, needle and gate valves

269
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6.4.8 ( # Diaphragm

6.4.9

6.4.10 )

45
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45 !
Joint Technical Committee, FMF/FMA,
"Hygienic design of food plant(1967),"in
Hygienic design & operation of food plant
ed. Ronald Jowitt (Westport,connecticut:
The AVI Publishing Company, I n ¢ 1980)pp.260-264

r-——-"\ — 4 p Lo~
- Mechanically-operated pinch cock.




272

| i~ i Nk
— Diaphragm valve.

/
A

- Butterfly valve (for in-place cleaning).

— Butterfly valve.
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— Global valve (not recommended )

213



Q> -~

- Tank outlet valve.

274



45 ()

\: ..\\ N

~ Graduated flow control valve.

— Relief valve spring-loaded. .
\alve Sorif asis

té‘iiversion

215



1.1
1.1.1
Productivity

1.1.2

1.1.3

1.2

1.2.1

(Loss)

(Fermentation capacity)

(Broths



1.2.1.1

217

19

(Large scale product)

10-100 /

(Chemical bulk product) (Food product)
(Antibiotic)

1.2.1.2

1.2.1.3

(Antibody)

1.3

(Over all yield)

(Medium scale product)
/

(Cell- Metabolite product)

(Small scale product)
0.001-0.1 /

(Vaccine)

10~3 102

10,000

(Number of step)
46



19
Bernard Atkinson and Ferda Mavituna,
Biochemical engineering and Biotechnology

Handbook,(New York:Stockton Press., 6 1985)

p. 894

Product Concentration
(gl-1)

Acetone/butanol/ethanol mixture 18-20

Antibiotics by established process

(e.g.,penicilin G) 10-30

Enzymes(e.g.,serum protease) 2-5

Ethanol 70-120

Lipids 10-30

Organic acids(e.g.,citric acid lactic acid) 40-100

Riboflavin 10-15

Single-cell proteins

(e.g.,yeast where entire dry biomass is product) 30-50
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46

John M. west and John T. Snell,"Bioprocess

facility design",Pharmaceutical Technology

(August 1987):24-29

Overall yield (%)

Number ol sleps

The effect of the number of recovery-purification steps ond step yield on the
overall yield of0 biosynthesis process



5
80%
80%
5 10
10%
|
cell fermentation)
7-10
1.4
10,000

(Working Volume)
100

280

1
90%
60% 30%
1
30%
3
(Microbial
(Broth)
(Fermentor)
1,000 Seed fermentor

Seed fermentor



' Main fermentor

or animal cell culture) sterility
100
1.5 *
1.5.1
1.5.1.1

(Microbial fermentation)
( 1)
1.5.1.2
(Desired product)
' 10
ol .3
95%
Wwhdad
10
1.5.2

1,000

281
(Plant

Containment

0.02 /

100 (0.95)1
59.87%
60%

10 x 100
0.02 X 60
833
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2 al '
2.1 4
(Load)
(Peak rate)
2.1.1 (Media sterilization)
2.1.2 (Fermentor sterilization)
2.1.3
(Kill tank)
2.2 (Steam load calculation)
2.2.1
2.2.1.1
2.2.1.1.1

(Direct steam injection)

2.2.1.1.2 20%
(20% wt.sucrose Solution)
(Testing media)
2.2.1.1.3
2.2.1.1.4



1 (One batch operation) 1

2.2.1.2

2.2.1.1.5

2.2.1.2.1

f m Kg/min

135 ‘¢ 45 psigin

20 %

2.2.1.2.2
Kg/min
2.2.1.2.3

2.2.1.2.4
1,080 Kolffi3
1 PRt S RB

0.907 KcallKg

2.2.1.2.6
45 psig 651.2 KcallKg

h2ludiig
30 °c

2.2.1.2.8
121 °¢c

2.2.1.2.9

621.2 KcallKg
2.2.1.3

283

135 °c

651.2-30 KcallKyg



hst
621.2 St
621.2 St
st/mt
#y |
# 1
# m165.6 Kg
2.2.2 #
el
fi ( [«
(Specifice volume)
«
A 25 %
«
45 p

« ! 'l

284

(mt+st)Cp (T-Tq)
(mt+st) (0.907) (121-30)
(mt+st) 82.54
0.153
t 0.153 Kg 1 Kg
11 1,081 Kg
£/
0 fl
1
#
# (Head space)
#
= 140.25 = 1.25
sig = 9.401 I R
= 0.59
= 1.25/0.59
= 2.13
2.13/1.25 # 1
1.72 £l



«

2.2.2.2

285

fi
) ) f
2.2.2.2.1 = 20°
2.2.2.2.2 # = 121°
2.2.2.2.3 01 )
1 2
= 2.15
= 0.86
= 2.5

(Sepecific gravity) 7.9
0.12 Kcal/lKg °c
45 psig
61.2 KcallKg
2.2.2.2.4
) =7(0.86) (2.15) (2.5x10"3)
2 (*(0.86)2/4x(12.5x10-3))
= 0.01743 2
= 7.9x103x0.01743 Kg
= 137.7 Kg
) 30° 121°c
137.7x0.12x(121-30)
1,503.684 Kcal
1,503.684/621.2 Kg
2.42 Kg
) = 24201377 . . )
= 0.0176 .. [ .

o
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2.2.2.3 £ fi
fifi 121°c 30
2.2.2.3.1 » Sli
2.2.2.3.1.1
fifx ! 08 '}
2.2.2.3.1.2

(No insulatory)

2.2.2.3.1.3 2
ff [
2.2.2.3.1.4 t
= 8.784 Kcal/hr-°C-m2
2.2.2.3.1.5 T=30°C
T
A = NI X 0.86x2.15) + 27T (0.86)2/4
= 6.97 2
Q = UA (T-Tq)
Qr = 8.784 X 6.97(121-30)
= 5571.43 Kcallhr
= 5,571.43/621.2 : /
= 8.97 . /
30 A = 8.97/2
= 4.484
m  flflafi flfiufl = 8.97/6.97

= 1.287 Kg staeia/m2-hr (holding)

2.2.3 !



(Kill tank)

(Well insulation)

30

2.3

287

2.2.3.1 #

2.2.3.1.1 #

« « 45 psig 135 ‘¢

) (Steam sparging)
2.2.3.1.2 ‘ 20%

2.2.3.1.4 1 # [ 121 °c

2.2.3.2

m
) (Media sterilization)

135 °¢

331.2 o

172

£ 00176 . . di

v 1287 . )-4
@)
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2.4 # 8. ! »\
(One batch operation) # |(
« « (Working volume) =1
b« (Total Volume) = 1.25
= 2.5
0
(D) = 0.86
#V = 2.15
oot =21
= 1371.7
= 6.97 «
121 °c # 30 fi
# 135 °c 45 psig # 340.24
[ i « |
#3 (Purified water)
0L #
# # 3 , [
[ # 3 « (WFI)
# 4
3.1 [ ' (WFI)
1 . # #4
# fi ## 4 #



3.2

3.3

#

1

moli

3.34

IVIn

0.340

2

289
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4.1.

(Aertion rate)
(Microbial fermentation) 0.2-2 WM (Volumes of

air per volume of fermenter per minute)

1 - 0.2-2
4.2 (Total pressure head)
(Pressure loss) (Piping and valves),
(Filter), (Sparger),

(Hydrostatic head of fermentation broth)
(Exhaust filter)
(Pilot scale)
(Discharge pressure)

50 psig

4.3 (Power of compression)

Isentropic compression

Hp
HP = (Horse power)

0.00436.2Z.Q7P1(KIK-1) ¢ (P2/P1) 1)



=
I

291
Compressibility constant,for ideal gas = 1
Input air flow rate = 2 m3/min

70.63 ft3/min

14.7 Psi absolute
50+14.7 = 64.7 psi absolute

Input pressure

Output pressure
Cp/Cv = 1.39
Specific heat of air at constant pressure and

constant volume

HP= 0.00436(70.63) (14.7) (1.39/0.39) ( (64.7/14.7)0+283-1)

4.4

Nisen
NAsen

wisen

wa

fi

= §.41

(Operating efficiency)

MNsen/™a

The isentropic efficiency, minimun = 80 %

Isentropic work of compression = 8.41 Hp

Actual works of compression

U a = 8.41/0.8 = 10.51 Hp
f 10
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5.

(Electrical load)

5.1

(Low intersive energy)
(Recovery
process)
(Phase change) 213
5.1.1 (Energy for agitation
system)
1 1,000
(5 [ ) 5 X 1,000 = 5,000
50%

5,000/0.5 = 10,000
10 KW.
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5.1.2 (Energy for
aeration)
1o 2 VWM.
10 Hp 7.5 KW
5.2 ‘ ’
5.2.1 (Sterilization)
5.2.2 (Fermenter)
5.2.3 (Centrifuge)
5.2.4 (Membrane separator)
5.2.5 (Chromatography)
, 10

10 + 7.5 =175 KW

= 175 X 3/2 KW
= 21 KW
1 . (Recovery process)

21



47

(Work flow)

48

294



Ingredient
Substrate
Raw materiel

Procebsi:g
Equipnment

Container

Non-eseptic
Precessing
rea

295

Clean-up
Area

Aseptic
Processing
Ares

47

Bio-hzzaxrd
Processing

Area

Packizg
and

Pinish

Storage

herehouse




Corridor
Service

Work place q

work place

YN\

Corricor
-0 0n00 Service
S
8D Office  Support
(] i s > ok place

QO
O Support - Support D

ar4__, Y VLo senvice

Corridor - [ Corridor

48

«



1.1

1.2

1.2.1

1.2.1.1

1.2, 1.2

1.2.1.3

1.2.2

1.2.2.1

1.2 2.2

1.2.2.3



1.3

1.3.1

1.3.2

1.3.3

1.3.4

298



2.1

2.2

299



«

FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY

tf



FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY
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nil



303



304

(Laboratory)

(Processes)

............. (Desk top scale)
............. (Pilot scale)

............. (Production scale)



305

................ (Bulk chemical)

................ ( (Food and food products)
................ (Drugs)

................ , (Medical products)

................ (Agriculture products)



306
111

fH

1.2

1.3

(Function)



1.4

2.1

2.2

(Guildelines)

307



2.3

FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY

308



309

«

««



..Bench scale unit

.oemi scale unit

...Development pilot plant
.Control pilot plant
..semi-commercial unit (proto type)

(Bulk chemicals)
(Food and food product)
(Drug)
(Medical products)
(Ageicultun products)
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1.1

(Zone)

1.2

1.3

—_—

(Flow)

1.4



1.5

1.6

1.7

~—

312

(Support space)

(Central distribution)

(Paralled distribution)

2 (Mixed mode distribution)

(Physical partition)



313

1.8 (Mechanical service
distribution)
() Enclosed shaft space
() Accessible shaft space

() Interstitial space

1.9
(Back siphone)
() MY,
1.10
() Gnl
.11



2.1

2.2

2.3

314

(General process area)

() Regional Labaratory type

< ) Center Balcony type

() Modular type

() Multi - story typy

() Individual small buildiug type
() Open (Barn) type

() Open air type

() Make do type

() o () 200-400
() 800

2.3.1 (Floor)

2.3.1.1



2.3.1.2

2.3.1.3

2.3. 1.4

2.3.1.5

2.3.1.6

«

315

(Self drainage)

)
)
« i

)

I
)

I

) 1000 . ./
) 1000-3000
) 3000

.

I
()

Dock level
()

« 7
()
.
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2.3.2 (Wall)
2.3.2.1
() ()
2.3.2.2
() ()
2.3.2.3 (Glazed ceramic)
L5
) ()
2.3.2.4 (Ledge)
45
() ()
2.3.2.5



317

2.3.2.6
() ()
2.3.3 (Roof and ceiling)
2.3.3. 1 (Flat roof)
(/) () 1
2.3.3.2
tY) ()
2.3.3.3
(Steam) #
() ()
2.3.3.4
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2.3.3.5

()

f

()

()
2.3.3.6

() ()
2.3.3.1

() ()
2.3.3.8

50



2.3.4

2.3.4.1

2.3.4.2

2.3.4.3

2.3.4.4

(Door and window)

319

(Air curtains)

electrocuting device)

(

)

(

(Insect

)



3.1

3.2

3.3

3.4

—_— I/ —  —~

(Component)

320

fa (Sterile area)

fa
100,000
100,000
10,000
1,000
100

fa (Sterile area)
(Isolated)

fa

(Equipment)



3.5

321

contaminant area,service area,process area,

working area

3.6

3.1

3.7.1

) ’ ()

(Type of clean room)

) Conventional clean room,non laminar flow

() Tunnel clean type, bay system

() Spot clean type, clean booth

() Clean tube type



322
3.8 Fed. std. 209 D
NASA standard, (NXB 5340, 2 1967 80)

3.9
(2)
()
(2)
(% )
(3. 2
(Pa)
1
/ (Air lock)
(% » 'z )



323

HEPA filter

3.10

3.10.1

() Asbestos cement calcium silicate
board, (ceramic finished)

() Asbestos cement calcium silicate
board, (resin processed decorative
sheet)

( ) Asbestos cement calcium silicate
board,(PVC or epoxy paint)

() Plaster board,(coating finish)

() Steel partition

() Sandwich panel

() ————
3.10.2

() (Mortaring) Epoxy resin

3-20
() (Coating) Epoxy resin

1-2
() Urethane



3.11

3.11.1

3.11.2

3.11.3

3.11.4

PVC
2.5
)
)
304
) (

324

(Junction boxes)



4.1

4.2

(Containment area)

(Isolated)

W

325



4.3

4.4

4.5

4.6

4.7

HEPA filter $
(In sito steam sterilization)

(Incinerator)

() ()
(Kill tank)
() (_J
4
(Sealed)w
() ()

326



4.8

4.9

4.10

4.11

4.12

(

) 100
) 10,000
) Cross flow
)
)
)
0.22 [(in

321
() 1,000

() 100,000

() Down flow

Ultrafiltration



328

(Basic equipments)

(Tank and vessel), (Pumps),
(Process piping), (Valve), (Motor and
drives) (Sanitary design)

onitary design of food processing
equipment”

() ()

Sanitary design



3.1
3.1.1

3.1.2

3.1.3

3.1.4

3.1.5

329
(Essential)

(Upsstream station)
(Mixing) -



330

3.2 (Bioconversion)
3.2.1 | Standard stirrs tank
fermenter
3.2.2 Standard stirrs

tank fermenter

3.2.3

3.3 (Down stream processing)

3.3.1 (cell disruption)



331
3.3.2 (Mechanical method)

3.3.2.1 Ultracentrifugation

3.3.2.2 Conventional filtration

3.3.3 ( Memhbrane Method)

3.3.3.1 Microfiltration

3.3.3.2 Ultrafiltration

3.3.3.3 Reverse osmosis



332
3.3.3.4 Electrodialysis

3.3.4 Liquid-gas-solid extraction

method

3.3.4.1 Adsorption

3.3.4.2 Chromatography

3.3.4.3 Solvent extraction

3.3.5 ' (Heat treatment
method)

3.3.5.1 Distillation



333
3.3.5.2 Evaporation

3.3.5.3 Drying system

3.3.6
Electric /magnetic method
< (Sanitary
design) (Process equipment)
4.1
(Clean-in-place,
4.2

tainless



334
4.3 h

(Self steam sterilization)

4.4

4.5 (portable)

skid-mount-unit



1.1

1.2

1.3

1.4
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(Drinking water)

(Purified water)

1 (Water for injection,WFI)

(WFI)

80 °C

(WFI)

3-A standard



1.5

2.1

2.2

2.3

3.1

3.2

iti.

1.5.1
1.5.2

*|
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(Cooling water)

39°F  (4°¢>

Ethylenl  0°F (-18 °c)

Casaaded cooling loop



3.3

5.1

5.2

3317

(Total load) .. Kw

(Fermenter load)....Kw

(General waste treatment

system)

5.3

5.4

(Biohazadous

waste treatment system)



6.1

6.2

6.3

6.4

0.22 [Im

T
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€02

n (Vacuum)



5 . 2499

2523

2532 {(
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