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Per-Åke Olsson
− Introduction of speaker

Per-Åke Olsson
Global Industry Manager, Pharma & Biotech, Alfa Laval

Alfa Laval AB, 2002- (Lund, Shanghai, Lund)
Astra Zeneca R&D Lund, Sweden, 1997-2002
NiMe Hydrid AB, Mönsterås, Sweden, 1993-1997

Member of the Pharmaceutical Technology Europe editorial advisory board between 2006 and 2008, and has been a 
speaker and chairman at several BioPharma conferences and seminars in Asia, America and Europe

MSc, Mechanical Engineering, University of Lund, Sweden 1987-1993 
eMBA, University of Warwick, UK 2000-2004

telephone: +46 722 171 226
email: perake.olsson@alfalaval.com.
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Amir Jahangiri
− Introduction of speaker

Amir Jahangiri
Global Product Mgt, BU FHT
Pharmaceutical HEX; Pharma-line and Pharma-X , Pharma-line Point of Use , Alfa Laval

Alfa Laval AB, 2018- (Lund)
PolyPeptide Group , Sweden, 2012-2017
Novozymes , Sweden, 2011-2012

Experienced in Lean production and six sigma in pharma industry. Responsible for development of heat exchangers 
for WFI /PW application. 

BSc, Chemical Engineering, Petroleum University , Iran 1991-1996 
MBA, Industrial Management Institute , Iran 2004-2006
Food and Drug program , Folk University , Sweden 2010-2011

telephone: +46 722 231 087
email: amir.jahangiri@alfalaval.com.
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Patrik Arvidsson

Patrik Arvidsson
Senior Specialist Pharma 
Industry responsible heat exchangers, Biotech & Pharmaceutical, Alfa Laval

Alfa Laval, 1998-

Responsible for development of heat exchangers to Pharma. Expert in heat transfer and pharma 
demands, and has been a speaker at several BioPharm conferences and seminars in Asia, America 
and Europe.

MSc, Chemical Engineering, Food and pharma engineering, University of Lund, Sweden 1990-1995 
Tech. Lic. University of Lund, Sweden 1995-1998. 

patrik.arvidsson@alfalaval.com

− Introduction of speaker
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Agenda
− What will be covered

Part 1:
• Introduction to water storage & distribution loops
• What are the challenges and what does the guidance say about heat exchanger for 

water storage & distribution loop?
−FDA guide to inspection
− ISPE
−ASME BPE

Part 2:
• How Pharma-line S&T and Pharma-line Point of Use fulfil the guidance and solve 

the challenges
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USP water specification

WFI PW

Conductivity µS/cm @ 25 °C* 1,3 1,3
TOC, ppb < 500 < 500 
Microbial, cfu/100ml 10 10 000**
Endotoxin, max 0,25 EU/ml Not spec.

* Conductivity levels depending on measured temperature

** Purified water specified as 100 cfu/ml
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Storage & distribution loop

Storage & 
Distribution

Water 
Generation

Feed water Pre treatment Final treatment

Ambient or cold water systems Hot water systems

Examples from ISPE Baseline Guide Vol 4: Water & Steam Systems 3rd Edition, 2019 8 |
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Challenges & Guidance’s for Heat exchangers
− Pharmaceutical water systems
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Challenges:
1. Cross contamination
2. Sanitization
3. Velocity
4. Surface finish
5. Welding
6. Passivation
7. Rouging
8. Installation & operation
9. Service & maintenance

Guidance’s:
• US FDA, Inspection guides

https://www.fda.gov/inspections-compliance-enforcement-and-criminal-
investigations/inspection-references/inspection-guides

• ASME BPE – 2019 
• ISPE Baseline Guide Volume 4, 

Water and Steam Systems, Third edition, 2019

https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/inspection-references/inspection-guides
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1. Cross contamination
− ISPE & FDA
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Two ways to control:
• Over pressure (Plate or single tube sheet heat 

exchangers)
• Double tube sheet S&T or Tube-in-tube heat 

exchangers

Recommendations:
• Hygienic applications:

− Double tube sheet S&T or Tube-in-tube
• Pretreatment or non-hygienic:

− Plate or single tube sheet S&T

ISPE Vol 4
• 8.3.4.2 Heat Exchangers – Design 

Considerations

US FDA Inspection Guides
• GUIDE TO INSPECTIONS OF HIGH PURITY 

WATER SYSTEMS
• HEAT EXCHANGERS TO AVOID 

CONTAMINATION
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2. Sanitization & Bacteria control
− ISPE & FDA
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It is recognized that hot (65 - 80oC) systems are self sanitizing

Sanitization:
• S&T, no need for special arrangement
• Gasketed plate, heat sanitization ok, chemical sanitization 

requires additional rinse

Drainability:
• S&T heat exchangers, Drainability with slope or for U-tubes 

with weep holes at the low point
• Plate heat exchangers, not drainable (Gasketed can be 

disassembled for drainability)

non-recirculating water systems be drained daily and water not be allowed to sit in the system.
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2. Sanitization & Bacteria control
− Bacteria found in pharmaceutical water systems
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Growth rate vs temperature for five environmental classes of prokaryotes 

Psychrophile

Mesophile

Moderate 
thermophile

Extreme
thermophilic
bacterium

Extreme
thermophilic

archaeon
Bacterium Optimum (°C)

/Upper (°C)

Escherichia coli 37/45

Staphylococcus aureus 30-37/45

Pseudomonas maltophilia 35/41

Pseudomonas aeruginosa 37/42

Pseudomonas fluorescens 25-30/39

Listeria monocytogenes 30-37/45

Campylobacter jejuni 37-42/45

Clostridium perfringens 37/50

Shigella spp. 35-37/47

Belong to Mesophile class
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1 & 2. ASME BPE - SD-3.6 Heat Exchanger Equipment
− Design for Cross contamination and Sanitization
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• Easy to clean
• Inspectable
• Bending process
• Sample
• Free of liquid penetrant indications
• Double tube sheet (Figure SD- 3.6.1-1)
• Orientation/Drainability
• Thermal and Mechanical calculations (Operation 

& SIP)
• Design pressure: Process side ≥ Utility side
• Cleaning & Steaming
• Gaskets and Seals
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3. Velocity
− ISPE

Boundary layer

Re <4 000 – Laminar flow
Low shear forces

Re >4 000 – Turbulent flow
Higher shear forces

Velocity Boundary layer
0,9 m/s (3 ft/s) 120 μm
2,4 m/s (8 ft/s) 50 μm
Very high velocity 10-20 μm

• Turbulent flow, 
Reynolds > 4000
(Biofilm)
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4. Surface finish
− ISPE & ASME BPE
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• Ra 0,3-0,8 μm (10-30 μinch)
• Mechanically or Electro polished
• Polishing rests
• Passivation
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MJ-1 Purpose & Scope
MJ-2 Materials
MJ-2 Joint design and preparation
MJ-4 Procedure qualifications
MJ-6 Performance qualifications
MJ-7 Examination, inspection, and testing
MJ-8 Acceptance criteria
MJ-9 Joining of polymeric materials
MJ-10 Documentation requirements
MJ-11 Passivation

− ASME BPE, Chapter 5, Part MJ Materials joining
5. Welding

08/11/2021 | © Alfa Laval 16 |
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• Cracks
• Lack of fusion
• Incomplete penetration
• Porosity
• Inclusions
• Undercut
• Groove weld concavity
• Fillet weld concavity
• Discoloration (HAZ)
• Discoloration (weld bead)

− ASME BPE MJ-8 Acceptance critera
5. Welding

08/11/2021 | © Alfa Laval 17 |

• Oxide island
• Reinforcement
• Tack welds
• Arc strikes
• Overlap
• Weld bead width
• Minimum fillet weld size
• Misalignment
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Welding, Inspection, and Examination Qualification Documentation 
(1) Welding Procedure Specifications/Parameters (WPS/P)
(2) Procedure Qualification Records (PQRs)
(3) Welder Performance Qualifications (WPQs) – manual weld
(4) Welding Operator Performance Qualifications (WOPQs) – automatic weld
(5) Examiner qualifications
(6) documentation of approval of the above by the owner/user’s 
representative prior to welding
(7) Inspector qualifications
(8) documentation of the approval of (7) by the owner/user prior to welding

Weld Documentation 
(1) weld maps
(2) weld logs
(3) weld examination and inspection logs
(4) coupon logs

− ASME BPE MJ-10 Documentation requirements
5. Welding

08/11/2021 | © Alfa Laval 18 |
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• Re-passivation (ISPE)
• Passivated before being placed in service (ASME BPE)
• Passivation of electropolished surfaces is not required unless the surface has been 

altered  (ASME BPE)
• ASME BPE Nonmandatory Appendix E, Passivation procedure qualification

− ISPE & ASME BPE
6. Passivation

08/11/2021 | © Alfa Laval 19 |
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ISPE - whether or not the presence of rouge may be detrimental to the drug products. 
Refers to FDA, USP and ASME BPE

FDA - surfaces shall not be reactive, additive, or absorptive so as to alter the safety, 
identity, strength, quality, or purity of the drug product beyond the official or other 
established requirements.

USP - does not address design or material criteria directly, but rather indirectly by 
defining limits for the components that ultimately will enter the human body. 
USP 788 & 789 Particulate matter in injections and ophthalmic solutions

− ISPE, ASME BPE, FDA, & USP
7. Rouging

08/11/2021 | © Alfa Laval 20 |

≥ 10 μm ≥ 25 μm
788 Injections 25 per mL 3 per mL
789 Opthalmic 50 per mL 5 per mL
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• D-1 General
• D-2 Considerations for reducing rouge formation

− Alloy selection/composition
− Polishing
− Passivation
− Welding
− Product form and fabrication

• D-3 Evaluation methods to measure rouge
• D-4 Methods to remediate the presence of rouge 

in a system

− ASME BPE Nonmandatory appendix D, Rouge and stainless steel
7 Rouging

08/11/2021 | © Alfa Laval 21 |
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• Slope

• Space for inspection and service

• Pressure relief devices

• Over pressure

• Thermal shocks

• No drain of utility side

− ISPE, FDA & ASME BPE
8. Installation & operation

08/11/2021 | © Alfa Laval 22 |

Ambient or cold system Hot system
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• Periodic disassembly and inspection

• Pressure testing

• Documentation

• Original spare parts

− ISPE & FDA
9. Service & maintenance

08/11/2021 | © Alfa Laval 23 |
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− With Alfa Laval Pharma-line S&T and Pharma-line Point of Use 
Part 2: Guidance fulfilment and challenge solving
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− With Alfa Laval Pharma-line S&T
Part 2: Guidance fulfilment and challenge solving
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Cross contamination and sanitization  
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• Double tubesheet design

• Tube expansion

• U-bend design 

• Weld

• Weep hole / Drain slot

• Slope 
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U-bend 
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Nominal tube O.D. Minimum Bend Radius 

8 22

10 23

14 36

In Alfa Laval Pharma-line we are going beyond 
ASME BPE recommendation for bending radius
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U-bend
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In Alfa Laval Pharma-line we are going beyond the 
ASME BPE recommendation for bending radius 

Bad bending makes SCC
(Stress Corrosion Cracking)
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MJ-8.1 The weld shall not have any discontinuities 
such as cracks, voids, porosity, or joint 
misalignment that will promote contamination of 
the process fluid.

• Careful welding
• No grinding

08/11/2021 29 |

Weld

| © Alfa Laval

• Grinding to correct bad welds
causes weak construction and porosity 
• Bad welding causes roughing

X
| © Alfa Laval
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Weld Documentation

| © Alfa Laval

Weld log, WPQR, WPQ, WOPQ, WPS, Weld map

| © Alfa Laval
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Weep hole / Drain slot

31 |

Pass rib drain slot in bonnet 

ASME BPE 2019 Chapter 2 : Design 
•SD-3.6.1 G : Construction 
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Slope  
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Pharma-line S 

Pharma-line P
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Slope  
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Pharma-line S 

Pharma-line P

Inlet slope 
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Velocity

Pharma-line S&T are sized for turbulent flow

Tubeside Incremental Monitor Page 1
Released to the following HTRI Member Company:
  Alfa Laval
  Alfa Laval

Xist 8.0.1  2021-11-04  15:30  SN: 00571-500098257           SI Units  

9615012521 BEU14-16-3
Rating - Horizontal Multipass Flow Small BEU Shell With Single-Segmental Baffles
Point number (--) 1 2 3 4 5 6
Tube Pass (--) 1 1 1 1 1 1
Local Reynolds (--) 26815 26826 25608 24722 23881 23082
Vapor Reynolds (--) 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000
Liquid Reynolds (--) 27614 26826 25608 24722 23881 23082

  Page 6
      

   
   

                  SI Units  

 
          

 35 36
 2 2
 11673 11668
 0,0000 0,0000
 11673 11543…..
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Surface finish
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Comprehensive documentation  
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Certificate of design-examination, approved drawings and calculations 
List of welders + Weld procedure  + Welder qualification 
Material certificates for pressure and product referred parts, 3.1 Certificate
Component certificates
Liquid Penetrant Test Report and procedure
Surface treatment test report + Ra values (if demand)
Dimension control report
Pressure test certificate (signed by Notified body)
Identification (technical sign)
CE-Documents
Installation, Operation and maintenance manual
Quality System certificates (ISO9000:2000, ASME)
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Alfa Laval support
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• Selection & Sizing
• Installation
• Operation
• Service & Maintenance
• Inspection
• Cleaning
• Etc.
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− Pharma-line Point of Use 
Part 2: Guidance fulfilment and challenge solving

08/11/2021 | © Alfa Laval 38 |
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Cross contamination and sanitization  
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• No internal welds

• U-bend design

• Mounting vertical

• Drain in lower points

• No dead leg, L/D < 2 

• High Reynold number > 4000

• Self-sanitization in standby mode
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Pharma-line Point of Use
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Video
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Contacts
− For questions or support

Uday Prabhakar, Senior Inside Sales Engineer, Alfa Laval Dubai
Mobile : +971 56 996 2256
uday.prabhakar@alfalaval.com

Adnan Raza, Sales and Partner Sales Manager, Alfa Laval Dubai
Mobile: +971 56 407 2797
adnan.raza@alfalaval.com

Agus R. Adisuwondo, Regional Pharma Manager - SEA, Alfa Laval Indonesia
Mobile: +62 8111 351 0301 
agus.adisuwondo@alfalaval.com

mailto:uday.prabhakar@alfalaval.com
mailto:adnan.raza@alfalaval.com
mailto:agus.adisuwondo@alfalaval.com
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