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Facilities and equipment shall be placed, designed, built and
maintained according to the operations that will take place.

The design goal is minimizing mistakes, allowing for effective
cleaning and maintenance, preventing cross contaminations, and

dust and dirtiness accumulation as well as any adverse effect in
products quality
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Introduction

Personnel

Validated processes

Procedures
Starting materials
Equipment
Packing materials
Premises

Environment

N7
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Several factors contribute to the
quality of products:

1. Starting & packaging
materials

2. Validated Processes

3. Personnel

4, Procedures

5. Equipment

6. Facility Design & Quality

7. Production Environment

If any of the named factors is not
adequate, products will be under
quality
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Classically it is said that contamination is linked to 5 parametres
that have to be controlled (5 "M’s")

Men Material Raw Materials

\ \ \ “Clean”
/ / Product

Media Methods
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PERSONNEL: Particles release increases PERSONNEL: Number of
with activity microorganisms in human body
AREA AMOUNT
e . . ( . Hair 1-2 million/cm?
: »ﬁ Underarm 2-3 million/cm?
‘ | Forearm 100-5000 /cm?
D Back 300 /cm?
A Ol S Front 200.000 /cm?
Feces 100.000 million/g
Urine 1000 /ml
i Nose (secretion) 1-10 million/ml
. 94 Ear (earwax) 10-100 million/g
5.000.000 | 7.500.000 10.000000 | 15/30.000.000

e | y, _
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When designhing a new facility

e How shall we start?
— Is it a green field project?
— Are we talking of a revamping?
- What pharmaceutical forms will be handled?
— Which products?

e What steps shall we cover?
- Getting information
— From concept to detailed
- What about the future?
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e What are GMP and other guidelines asking for?

— Which are the markets where the products will be sold?
— Are changes in the regulation expected?
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Facility Design
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Feasibility Studies
Concept Design
Basic Engineering

Engineering el Design

Consultancﬂ

Total
Life Cycle
Solutions

L]

Third Party Quality Audits
Regulatory Affairs
Operational Excellence

Quality Systems

Construction & project management
Design / Built & turnkey delivery
General contractor services
Mechanical / process / cleanroom
contracting

Validation Commissioning / validation

Process equipment installation and
=

= Services e

%VMP preparation
GMP reviews
1IQ/0Q/PQ/PV
Protocol Preparation & Execution

Cleaning Validation
Computer Systems Validation
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INPUTS OUTPUTS
l

J OUTPUTS

INPUTS

‘ OUTPUTS

INPUTS

OUTPUTS

OUTPUTS
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CONCEPTUAL ENGINEERING (Standard Documents)

Based on a URS:

e Description of production processes

e QOverview of facilities

e Production capacity of the plant

e Pharma/Industrial applicable regulations

e In collaboration with Client
e Lay out of the plant
e Flow of personnel, materials and waste
e Block diagram
e Preliminary list of production equipment /utilities
e Budget estimated = 30%
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Dd S| _ | BASIC ENGINEERING (Standard Documents)
» e Define production equipment, Make and Model

e Estimate capacities of utilities

e Freeze the lay out, with the technical areas

e Freeze the URS

e Distribute points of use in lay out

e Carry out P&ID basic utilities

e Execute routing facilities without dimensions.

e Make architecture facilities

e Room data sheet

e Make a schedule of project implementation

e Budget estimated = 20%

This step may be omitted and go directly to detail engineering, but

it is advisable as it helps on definitions

Facility Design: Steps to Follow \(
Telstar
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Detailed
Engineering

DETAILED ENGINEERING
e Develop technical and functional specifications
e Design the P&ID
e Develop routing facilities with dimensions
e Make isometrics of critical facilities
e Make Bill of Quantities of facilities
e Develop instrumentation lists
e Project schedule more reliable
e Final quotation of the execution
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CONSTRUCTIVE ENGINEERING
e Review Concept design documents to confirm suitability:
o Lay out of the plant
o Flow of personnel, materials and waste
o Block diagram
o Preliminary list of production equipment /utilities

e Review Detail Engineering documents to confirm suitability:
Technical and functional specifications with calculations

Design the P&ID

Routing facilities with dimensions

Isometrics of critical facilities

Bill of Quantities of facilities

Instrumentation lists

e Develop missing documents or modify any change
e Project schedule updated
e [ast quotation of the execution

This step is not always done; it is advi
con Y

Constructive
Engineering

O O O O O O
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e Remembering many of the questions we made

- Is it a green field project?

— Are we talking of a revamping?

- What pharmaceutical forms will be handled?

- What about the future?

— Which are the markets where the products will be sold?

e We need to develop the Basis of Design
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Basis of design
e Site layout

In case of green field project, drawing showing the site layout with roads,
perimeter walls and all ancillary buildings requested > SMP

Service Building
Amenity Building Production Unit 03
Production Unit 01 Production Unit 02

Hj
Il

1

ETP

Ooom e ° o @
LJ
PROPO!
GENERAL PRODUCTION BUILDING
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Basis of design

e Product list

Type of product (sterile/non sterile), activity (Potent products), production
process applicable

The list of the products to be manufactured in the facility - information
provided by the client >dedicated/multipurpose

Process Description - Process flow dlagram depicting the production process
in schematic form e ]

Batch sizes r—?@ !h-}:@,{% ! rt-?rﬁ,

Volume requirement and Assumption: Analysis of x-year sales forecasts in
order to determine the required installed and future capacities. 2> Capacity
Study if needed

The required capaC|ty of the facility is analyzed s
quantity o

=Y
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Basis of design
e Product list

Process Description - Process flow diagram depicting the production process
in schematic form

Pa rPEB PC PD PE FF P PH
I SOLVENTS I—l-I:.n.n.lnmr. IZ'
I WF1 I—leptlur. IZI
I AP RAW MATERLAL I—blmptlur. II'
I EXCIFIEMT RAMW Mn.'I'ERLALI—b-I:AMPtmr. III
I GLASS VIALS I—l-I:AMPtmr. III
I STOFPERS I—llmnmr. I L3 I
== ] =]
I FLIF-OFF CAPS I—blmnlnnl—pl o ,.: ::: I a I
L= |
| aaeis NN ppvomyen SN gy 7]
[ rvcaurous o Ly S |
I LEAFLETS I—D-Imulur.l_pl - aI IEI
&
]
] o [=]
i —
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e Product list
Capacity Study if needed

Time
Qperation of 2 lines 1000 ml - 24hs - with 1 campain change Workers {min) 1st to 2nd hr 2nd to 3rd hr Jrd to 4th hr dhr to Sth} Tth to 8 th hr 8th to 9th hr/ 14th to 15th
CIP Reactor #1 20 ] |
CIP Storage tank #1 0
Preparation-Filters check, packaging material, room cleaning, sterile clothes #2 30 E :
Entry and gowning of personnel All 30
Filling reactor #3
Filling reactor # 120 acto Reactor 1
Testing and adjusting #3844 10
Cooling down 40° to 25 °C Automatic 25 [ ]
Filtering & Traspassing to storage tank 0
Adjusting filing machine (only first batch) #5 #7 20 [
Bag formation + Filling machine 1 #5 #7 184 Filling Machine 1 -Batch 3 Filling Machine 1 -Batcl
Bag formation + Filling machine 2 #8 #10 184
Autoclave loading/unloading #9 #11 15 Lo
Sterilization cicle 1 Automatic 90 |
Sterilization cycle 2 Automatic 90
Cooling before inspection Automatic Overnight
Batch produced the day before -Inspection & Leakage - 10 seg/bag - 6 Workers| #1210 # 17 83 Inspection | Inspection {on l Inspection | l
Owverwrapping fwith machine -1 workers #18 60 Overwraooine Overwrzooine P D‘*"‘”’a”)
Manual Packaging (Box formation, notice insertion, box Labelling, sealing)-2 workers #19 to #20 b5 Packing | Packing | king -l Packii ) ) |
Pallet-2 workers #21 to #22 53 Pallat 1 Pallar | Pallar | P * |
Transport to warehouse - 2 warkers #23 to #24 35 | warehouse | warehouse | warehouse | warshause
End of campaing CIP/SIP Reactor & Storage tanks #1 90 CIP/SIP Reactor 4 I CIP/SIP Reactar 1 |
End of campaing - CIP/SIP Filling machine #2 90 | CIPﬁIPFIH-mng;in“ CIP/SIP Fllling machine
Mounting filling machine parts /Change of product or format #5 #10 30
Sterilization cycle (Machine parts & Clothes) #2 60 ‘
Warehouse - 6 workers #25 #30
TOTAL 30 6h
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Basis of design
e Design Philosophy
The approach taken by designer to conceptual design (vertical vs horizontal).
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Basis of design
e Design Philosophy
Mixed model

Starting information needed

11 | | I |
[l i
| S 0
- 10, PRODUCTION|FLOOR } Il
I L FLOOF I
=] .

Telstar



d vm

Developing Countries Vaccine
Manufacturers Network

Starting information needed \(
Telstar

Basis of design
e Area requirements
Production, warehouse, QC lab, R&D area

Special room needs: Offices, praying area, toilettes, canteen, areas to rest,
laundry, ...

e Manpower requirements

Estimate of manpower required for the production process differentiating men
& women

Operating times and shifts
o Utilities availability
Type and distance
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Basis of design
e GMP requirements
Countries where products will be sold

The list of the relevant regulatory standards and reference documents to which
the design must comply

e Machinery requirements
Existing/New
Capacities

o Utilities requirements

e Containment strategy

e Any other requirement from client: Type of clean room material, HVAC, brand
names, Corporate policies to comply with,.....
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[OUTDOOR ENVIRON MENT)

GMP MANUFACTURING
ENVIRONMENT

e 0 g
ANCILLIARY AREAS % %
s
PRODUCT PERSONNEL ENVIRONMENT \ \g ;
PROTECTION PROTECTION PROTECTION CLEANROOM%\\ 3 %
) )
1d 14
W] m
o a
Contamination Prevent contact Avoid dust /\ . \
(Contron WIth dUSt dISCha rge MATERIAL TRANSPORT > <) uUCT TRANSP ”
Cross-contamination Prevent contact Avoid fume
Control with fumes discharge

Correct temper-
ature & humidity

Acceptable comfort
conditions

Avoid effluent
discharge

}

» SYSTEMS <

SYSTEM VALIDATION

Shell-like containment control concept




d vm

Developing Countries Vaccine
Manufacturers Network

Utilities, architecture and lay out \(
Telstar

Segregation
o It is the first step to reach a good design:
— GMP vs non GMP areas
— Differentiated areas for certain products
— Each product in its lowest requested cleanliness level
— Flows crossing prevention
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Architecture
e It is defined:
— Structure
— Inner Partitions
— Sanitation
— Coverings
— Flooring
— Carpentry
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Critical Systems ?lf 1‘ Xt EAI
e It is defined: \ ! |

- HVAC
— Electricity and Lighting

— Clean Steam (CS) / Pure Steam (PS)
— Sterile Compressed Air (SCA)

— Purify Water (PW) & Water For Injection (WFI)
— Waste Treatment/BIOWASTE

- CIP/SIP

— Special Gases

- Vacuum

- SAS

Other Installations

'5:5 11 ’1
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Environment control (HVAC)

The control of the “environment” sourrounding the product can be achieved with
different techniques:

By “classical” clean rooms that protect the product with the cleanest possible
environment

/
pd ] By using ISOLATORS, that set

a phisical barrier between the
product and the environment

J By using techniques in
between like RABS

Ssjuawaliinbal
JuswuoJIAUg Burinioejnuen

@)

o 8

® =

S B

3 3

' 0

O —

Q > | o

3 4| @

n O O
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Manufacture of pharmaceutical products

e Carried out in clean areas with airlocks for personnel and/or for equipment and
materials.

e Clean areas should be maintained to an appropriate cleanliness standard and
supplied with air which has passed through filters of an appropriate efficiency.

e Clean areas are classified according to the environment: Each operation requires
a cleanliness level (minimise particulate or microbial contamination risks).
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Environment classification

as built at rest In operation

8l air air

R R byl NERRRR

<
<
<
<«

bl
T
Lyl

11t

1111




d vm

Developing Countries Vaccine
Manufacturers Network

Utilities, architecture and lay out \(
Telstar

Environment classification (EU GMP Annex 1)

e Grade A: The local zone for high risk operations.

Normally such conditions are provided by a laminar air flow work station, that
should provide a homogeneous air speed at the working position in a range of:

0.36 - 0.54 m/s
The maintenance of laminarity should be demonstrated and validated.

e Grade B: For aseptic preparation and filling, this is the background environment
for the grade A zone.

e Grade C and D: Clean areas for carrying out less critical stages in the
manufacture of sterile products.




d vm

Developing Countries Vaccine
Manufacturers Network

Utilities, architecture and lay out \(
Telstar

Sterile Operations

Grade Examples of operations for terminally sterilized products
A Filling of products, when unusually at risk
C Preparation of solutions, when unusually at risk. Filling of products
D Preparation of solutions and components for subsequent filling

Grade Examples of operations for aseptic preparations
A Aseptic preparation and filling
C Preparation of solutions to be filtered
D Handling of components after washing
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Non Critical Systems

o It is defined:
— Electricity and Lighting
— Industrial Steam
— Compressed Air
— Cooling Water
— Sanitary Cold-Hot water
- Waste Handling
— Fire Protection System
— Data and Voice network
— Access Control
— Industrial Gases
— Vacuum Network
— Other Installations
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Drawings

The following ones are developed:
Civil and Architecture Drawings

Plot Plan
Building layouts
Lateral Views
Sections Views

N7

&

Istar
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Drawings
The following ones are developed:

e Process Drawings s=
[

— Process Flow Diagrams =
(PFD’S). 2=

— Production area layout

— Room Classification and
Pressure Distribution Layouts

— Personnel (all type) and
Material (any material) Flows

— Basic Equipment Layouts

Dispensing of API Dry Mixing Granulation-Wet

and Raw Materials Sifting of APl and (API + Mixing Granulation-

N — Granulation-Drying Sizing Blending
(Bispensipeiocott Raw aterials Excipients) (BapidiMices (Fluid Bed P ) (Sieve and Multi Bin Blende
with weighing (Vibratory Sifter) (Rapid Mixer Granulator and Paste UICIDeCI0CES50f] (Siev Mill) G (Bi r)

balances) Granulator) Kettle)
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Drawings
The following ones are developed:
e PFD

o Utilities drawings
- HVAC Diagrams
— Electrical Diagrams
— Steam Diagrams
— Purify Water and Water for Injections Diagrams
— Compressed Air Diagrams
— Fire Protection Diagrams
- CIP/SIP, BIOWASTE, etc.
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Equipment
e Choice of equipment & technology
Fit for purpose equipment & technology are determined based on level of

technology, budget and quality requirements
 Machinery requirements
Existing/New

Capacities
e List of major equipment complete with proposed equipment quantity, capacity,
description, sizing and example of make

e Delivery dates constraint
e Any other special features
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AUTOMATIC LOADING SYSTEMS
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MODULAR FACILITIES

Last industry trends

Source KP
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Stainless Steel Facility Single-Use Facility
SINGLE USE FACI LITI ES Construction Time 16 months 14 months

Total Facility Area 12,153 ft? 745 ft?
Total Process Area 6,372 ft? 6,781 ft?

Class C area 1,109 ft? 667 fit?

Class D area 5231 ft? 3,315t

CNC area 0 ft? 2,745 ft?
Piping Length 2,854 ft? 886 ft?
Total Equipment Cost €17.3 million €15.0 million
Process Equipment Cost €4 million €3 million

Source GE

’.
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Conclusion
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Facilities and equipment shall be placed, designed, built and maintained according
to the operations that will take place.

To desigh we need to develop the Basis of Design: Knowing what will be done in
the factory and for whom

Make it simple, agree on a concept design, freeze it and develop the other
engineering steps by using the new available tools

Think about future needs, but don't forget that it has to be used before reaching
this future: step by step
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Questions

Thanks a lot

To get more information read:https://b2bcentral.co.za/issues/2022/pcr/july/ (p. 37).

Part I: https://ispe.org/pharmaceutical-engineering/conceptual-design-key-challenge-
production-efficiency-part-i
Part II: https://ispe.org/pharmaceutical-engineering/conceptual-design-key-challenge-

production-efficiency-part-ii _
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