
HOT vs COLD
WFI Production Storage and Distribution

▪ PDA Israel

▪ Pharmaceutical Facilities, Utilities, and Equipment Israel

▪ Israel, 04 July 2024

▪ Shlomo Sackstein

▪ Biopuremax



Biopuremax Profile

Biopuremax has over 30 years of experience in the design, 
supply, installation, validation and operation of high quality 
Biopharmaceutical water systems.

Biopuremax specialty is water systems - Purified Water (PW) 
and Water-for-Injection (WFI) systems, with cutting edge 
water production technologies.

Developed the revolutionary Biopuremax process of media 
and chemical free RO pretreatment.



BULK 
WATER
TYPES
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Bulk Water Types 

➢ Drinking water (non compendial) – Industrial, Food and Beverage

➢ Process water (non compendial) – Chemicals, API, topical cosmetics

➢ Purified water (PW) – high-end cosmetics, Oral Solid Dose, topical applications.

➢ Water For Injection (WFI) – eye drops, vaccines, L/SVP, general injectables.



EP Monograph Specifications USP-EP Purified Water 

➢ Conductivity   <4.3 µS/cm@20°C (USP 1.3µS/cm@25°C)

➢ TOC    <500 ppb

➢ Endotoxin   <NA IU/ml

➢ Bacteria  <100 cfu/ml 

➢ Nitrates (EP)  < 0.2 ppm 

➢ Aluminum (EP)  < 10 ppb for dialysis only

➢ Heavy metals (EP) < 0.1 ppm not needed if Conductivity OK

5



EP Monograph Specifications USP-EP Water for Injection

➢ Conductivity   <1.1 µS/cm@20°C (USP 1.3µS/cm@25°C)

➢ TOC    <500 ppb

➢ Endotoxin   <0.25 IU/ml

➢ Bacteria  <10 cfu/100 ml 

➢ Nitrates (EP)  < 0.2 ppm 

➢ Aluminum (EP)  < 10 ppb

➢ Heavy metals (EP) < 0.1 ppm not needed if Conductivity OK
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WFI 
PRODUCTION

SYSTEMS



European WFI Production Methods Since 2017

▪ Distillation Multi Effect (ME)

▪ Distillation Vapor Compression (VC)

▪ Double Pass RO

▪ Single Pass RO with Ultrafiltration (UF)



Distillation Multi Effect (ME)



Distillation Multi Effect (ME)



▪ First column heating with steam at 165-175ºC

▪ Every column feeds the next with two streams

▪ Uncondensed WFI is condensed gradually in each column

▪ Final stage WFI production 95-97ºC

Distillation Multi Effect (ME)



Distillation Vapor Compression (VC)



Distillation Vapor Compression (VC)



▪ Evaporation at 103-105°C

▪ Compression in a centrifugal fan/compressor unit at 120-130°C

▪ Condensation in the main evaporation column

▪ Preheating of the feed water

Distillation Vapor Compression (VC)



Single/Double Pass RO



Double Pass RO (ESR-HOD-DPRO-CDI)



Single Pass (ESR-HOD-SPRO-CDI-UF)



▪ Double passage through RO membranes

▪ Hot Water Sanitization (HWS)

▪ Final Stage: Continues Electrical Deionization CEDI

▪ SS piping and housing (must be heat resistant)

Double Pass RO (RO-RO)



WFI Production Methods

Type Feed Water Pretreatment Final Temp.

Distillation ME High Quality RO Reverse Osmosis, 
Softener/ESR, ACF/HOD

99°C

Distillation VC Low Quality Softened Softener/ESR, ACF/HOD 30-85°C

Double Pass RO Softener/ESR, ACF/HOD - 20-25°C

Single Pass RO + UF Softener/ESR, ACF/HOD - 20-25°C



WFI Production Methods

Type Running Cost Installation Cost Utility

WFI>200 Kg/hr

Distillation ME Very High Very High Industrial Steam

Distillation VC Medium High Electrical or Steam

Double Pass RO Low Low Electrical

Single Pass RO, UF Very Low Very Low Electrical



WFI Production Methods

Type Advantage Disadvantage Comments

Distillation ME Can Supply PS 
Backup

High Power Consumption Needs RO Feed Water

Distillation VC Low Quality 
Feed

Expensive to Purchase More maintenance 
than ME

Double Pass RO Low CapEx
Low OpEx

Possible Bacteria 
Breakthrough

Must be Hot Water 
Sanitizable

Single Pass RO + UF Low CapEx
Low OpEx

Possible Bacteria 
Breakthrough

Must be Hot Water 
Sanitizable



WFI Production Methods

▪ Need two membrane stages for reliability

▪ RO systems must be Hot Water Sanitized

▪ Control of micro, TOC, conductivity at every stage

▪ Possibility of RO Cleaning (scale removal) with chemicals

▪ Removal of bacteria before the RO to keep it clean



ISO 22519 – 
Membrane Based Generation 

of WFI



ISO 22519 Cold WFI Generation

▪ Published 2023

▪ Participation of: 

United States, France, Austria, India, 

Japan, Korea,  Netherlands, Canada, 

Sweden, Spain, Israel 

▪ Chairman: Shlomo Sackstein



ISO Cold WFI Standard

▪ For new systems ONLY.

▪ Covers principles of membrane-based WFI generation systems.

▪ Process design, construction, operation and maintenance of 

membrane-based WFI generation systems.

▪ Control of membrane-based WFI generation system parameters.



ISO Cold WFI Standard

ISO does not include:

▪ Validation. 

▪ Thermal distillation. 



ISO Cold WFI Standard
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Feed Water:

▪ If incoming feed water does not comply with drinking water 

requirements, add systems to improve the feed water parameters.

▪ A minimum of two membrane barriers for microbiological and 

endotoxin reduction:

— RO-RO;

— RO-UF; 



ISO Cold WFI Standard

Minimum instrumentation needed:

▪ Conductivity instruments after all RO and 

CEDI/EDI steps;

▪ Conductivity instruments needed for final 

product measurement;

▪ TOC sample points or TOC online 

instrumentation for final product monitoring.



ISO Cold WFI Standard

TOC online 

instrumentation for 

final product 

monitoring



ISO Cold WFI Standard

Sanitization:

▪ Sanitization of pretreatment and generation. 

▪ Sanitization with heat and possibly with chemicals.

Sampling minimum requirements:

▪ Sample valves upstream and downstream of all unit operations;

▪ Hygienic sample valves and connection setup shall be used 

downstream of the final RO stage. 



ISO Cold WFI Standard

Control minimum requirements: 

▪ Necessary alarms for product quality and system operation;

▪ Recorded history of critical parameter data;

▪ Recorded history of critical alarms;

▪ Programmable logic controller (PLC), distributed control system 

(DCS) or equivalent with human machine interface (HMI) 



ISO Cold WFI Standard - Important notes

▪ Sampling is not needed to measure conductivity if online 

instrument installed.

▪ Sampling is not needed to measure TOC if online instrument 

installed.

▪ Very important to have supervisory control and data acquisition 

(SCADA) systems.

▪ TOC online instrumentation for final WFI generation monitoring.



PW/WFI 
STORAGE
SYSTEMS



PW/WFI Storage Methods

PW/WFI Ozonated Storage



PW/WFI Hot/Cold Storage

PW/WFI Storage Methods



PW/WFI Storage Methods

Option Sanitization Usage Comments

Heat (80°C-90°C) Self-Sanitizing Cooled before use Energy intensive

Ambient (20°C-24°C) Weekly Heat 

(80°C-90°C)

No cooling needed Option: Super 

Heated Water

Ambient (20°C-24°C) Ozonation (O3) UV for O3 Destruct O3 vent, O3 room 

alarm



Option Reliability Utilities Comments

Heat (80-90°C) Very High Heating and Cooling Energy intensive

Ambient (20-24°C) Low Heating and Cooling Possible 

Sanitization Twice 

Weekly

Ozone (20-24°C) Very High Cooling Only

(No insulation)

Low Cooling Usage

PW/WFI Storage Methods



PW/WFI Loop Recirculation Speed

Validation

Make sure flow is 

turbulent to 

assure 

homogenous 

temperatures.

Reynolds >6000

Piping

Loop speed is 

important to 

keep biofilm 

under control.

Speed > 1 m/s

Validation 

Make sure 

speed is above 

minimum at all 

times, including 

during  

consumption.

Piping 

Loop speed 

is irrelevant.

 



PW/WFI Conductivity measurement

Validation

Make sure ONLINE 

conductivity is below 

1.3μS/cm at 25°C. 

No Sample Needed.

Sample

Take offline samples 

and send to the 

laboratory as soon 

as possible.

Validation 

In the Lab. make 

sure conductivity is 

below 1.3μS/cm at 

25°C.

Sample 

USP dictates 

there must be 

an online 

conductivity 

instrument.



PW/WFI TOC measurement

Validation

Make sure 

ONLINE TOC is 

below 500 ppb. 

Sample

Always take offline 

samples and send 

to the laboratory as 

soon as possible.

Validation 

In the Lab. make 

sure TOC sample 

is below 500 ppb.

Sample 

USP-EP: 

Sample TOC

OR

measure TOC 

ONLINE.



PW/WFI Surface finish on tanks/piping

Validation

Validate all surface 

specifications, 

including Electro 

Polish.

Piping

Surface finish is 

irrelevant to biofilm 

buildup. 

Use the basic.

Validation 

Check pipe and 

accessories 

material 

certifications and 

basic surface 

finish.

Piping 

A smooth 

water contact 

surface is vital 

to retarding 

biobuildup.



PW/WFI Hot WFI Generation

Validation

Validate Multi 

Effect or Vapor 

Compression stills  

only.

System

RO membrane-

based system with 

RO-RO or RO-UF 

configuration.

Validation 

Hot water 

Sanitization is 

mandatory.

Biocontrol  in 

pretreatment.

System 

Thermal 

based 

distillation is 

needed for 

WFI 

generation.



PW/WFI Storage

Validation

Make sure WFI 

biological 

specifications are 

met. 

Tank Storage

The tank must 

have a minimum 

temperature above 

65°C

Validation 

Make sure graphs 

of tank 

temperature do not 

drop below 

minimum Set 

Point.

Tank Storage 

Store water 

above 65°C or 

below 25°C.



▪ Shlomo Sackstein

▪ shlomo@biopuremax.com

▪ +972-54-4951150

THANK YOU
www.biopuremax.com
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