


• Membrane Filtration started in 1994. 
• Began at Filtration Engineering and currently with Tetra Pak.
• Chemical & Electrical Engineering backgrounds. 
• Expert in all areas of Membrane Filtration; Engineering, Commissioning, 

Automation, Development, Pilot Testing, Trouble shooting, and Optimization. 

Gary Schoeller
Business Development Manager

Tetra Pak Filtration Solutions



AGENDA
• Membrane Filtration and General Dairy Applications

• Membrane Filtration Core Technologies
• Dairy Applications:

• RO Overview
• NF Overview
• UF Overview
• MF Overview

• Adding Value with Membrane Filtration
• Milk Application – MPC/MPI
• Whey Application – MFR/WPI



Membrane filtration core technologies with dairy constituents
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NanofiltrationUltrafiltration Reverse Osmosis

Bacteria

Fat

Casein

Whey Protein

Lactose

Minerals

Water

Microfiltration
Larger Pore

MF
Microfiltration 
Smaller Pore

MF UF NF RO

0.5 - 10 mm

1 – 2.5 Bar (15-36)

In
cr

ea
si

ng
 S

iz
e 

of
 C

on
st

itu
en

t

Decreasing pore size and Increasing operating pressure

multivalent monovalent

M
em

br
an

e 
su

rf
ac

e

M
em

br
an

e 
su

rf
ac

e

M
em

br
an

e 
su

rf
ac

e

M
em

br
an

e 
su

rf
ac

e

M
em

br
an

e 
su

rf
ac

e

1K to 50K 150 - 800 <50100K to 800K



Dairy Applications Membrane Filtration RO Overview
Whey

Sweet Whey – 22-30%TS
Acid Whey – 18-22%TS

Milk 
Skim Milk – 24-36%TS

Whole Milk – 30-36%TS

Lower
transportation 

costs

Buttermilk
Sweet Buttermilk – 28-32%TS

UF Permeate
Sweet UF Perm– 20-27%TS
Acid UF Perm – 17-20%TS

White Water
Skim Milk – 3-10x CF

RO / NF Permeate
RO Permeate– 10-20x CF

NF Permeate 6-15x CF

Evaporator 
Condensate

Evap Cond– 10-20x CF

Increased Dryer 
Capacity

Evaporator 
Elimination or 
Decreased Size

Product 
Recovery

Water Reuse 
Recovery

Optimized 
Waste Water



Dairy Applications Membrane Filtration NF Overview
Whey

Sweet Whey  22-30%TS
Acid Whey   18-22%TS

Salt Whey   90% Salt Reduction

Milk 
Skim Milk   24-36%TS

Whole Milk  30-36%TS
30-40% Deimineralization

Lower
transportation 

costs

Milk Derivatives
MPC70  28-30%TS
MPC80  24-26%TS
MPC85  23-24%TS
MPI90   22-23%TS
MCC      16-18%TS

Chemical
Caustic Reclaim

Increased Dryer 
Capacity

Evaporator 
Elimination or 
Decreased Size

Chemical 
Recovery Deminerization Optimized 

Waste Water

Whey Derivatives
WPC35  38-47%TS
WPC80  36-40%TS
WPI90   33-36%TS
MFR      23-26%TS

UF Permeate
Sweet UF Perm– 23-28%TS
Acid UF Perm – 18-21%TS



Dairy Applications Membrane Filtration UF Overview
Whey

Sweet Whey - WPC35 to WPC80
Acid Whey – WPC35 to WPC60

Milk
Skim Milk – MPC42 to MPI90

Skim / Whole Milk – Protein Standardizing 1.5-4X
Various Milk Drinks

Higher Product
Yields

Milk Derivatives
MPC70  34-37%TS
MPC80  28-31%TS
MPC85  27-30%TS
MPI90   26-29%TS 
MCC      25-30%TS  

Increased Dryer 
Capacity

Evaporator 
Elimination or 
Decreased Size

Fractionation of
Products

Clarification of 
Products

High Value
Products

Whey Derivatives
High Fat - WPC35 to WPC70

MF Permeate – WPI90
MFR  30-36%TS

Cheese Brine
Clarification, Micro Removal

Cheese & Fermented Products
White Cheese (Feta, Domiati, Queso Fresco)

Greek yogurt, Skyr, Quark, Cream Cheese

Whey and Milk
Lactoferrin - Clarification, Concentration

UF Permeate
De-calcification



Dairy Applications Membrane Filtration MF Overview

Whey
Sweet Whey  - Bacteria removal

Milk
ESL – Extended Shelf Life

Bacterial removal

Higher Product
Yields

Milk Derivatives
MCC, MCI

Native Whey Protein

Product Quality Innovation Fractionation of
Products

Clarification of 
Products

High Value
Products

Whey Derivatives
WPC35-60 – Fat Removal (WPI)

Cheese Brine
Clarification, Micro removal

Fermented Products
Greek yogurt, Skyr, Quark



Milk and Whey Applications
Adding value with membrane filtration

Membrane Filtration Applications Complexity 

Water removal / 
Concentration

- Volume reduction by water removal
- Reduced transportation costs

Standardization
- Maximum utilization of raw materials
- Uniform product quality
- Improved processing economy
- Increased yield 

Fractionation
- High-performance premium 

proteins for maximized profitability, MPI, WPI, 
MCC, MCI

- New products and possibilities

Protein concentration - Higher yield and profitability
- Customized processes and products

Further refinement - Pure protein fraction – infant formulas 
- Products for sports and senior nutrition
- Lactoferrin

Pre-concentration - Improved production efficiency
- Water reuse
- Reduced environmental footprint

Bacterial removal - Improved milk quality
- Extended product shelf life

Lactose / mineral 
reduction

- Value-added secondary product stream
- Possibility to tailor product composition
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• MPC60, MPC70, MPC80, MPC85, and MPI90
Skim Milk - MPC / MPI Production (Basic Process Flow)

Pasteurized 
Skim Milk
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MPC60 – Milk Protein Concentrate 60% Protein As Is. 
MPC70 – Milk Protein Concentrate 70% Protein As Is. 
MPC80 – Milk Protein Concentrate 80% Protein As Is. 
MPC85 – Milk Protein Concentrate 85% Protein Dry Basis. 
MPI90 – Milk Protein Isolate 90% Protein Dry Basis, less than 5% lactose dry basis. 



Sweet Whey – WPI90 Production (Basic Process Flow)
Pasteurized 
Sweet Whey
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P

MFR– Microfiltration Retentate High Fat and 50-70% Protein Dry Basis. 
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• MFR and WPI90
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From MF
MF Permeate

Ultrafiltration
(UF)

WPI90– Whey Protein Isolate 90% Protein Dry Basis 

R
R
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Sweet Whey – WPI90 Production (Basic Process Flow) 
– Continued.. • MFR and WPI90
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