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Agenda

 Arla Foods Ingredients (AFl) Overview

e Technology & Design Team

« What is whey?

« Membranes For Dairy Processing

e AFI Felinfach Factory Balance

« Common Problems and Modes of Failure
e Opportunities



Arla Foods Ingredients (AFI) Overview
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Arla Foods group structure

Human Resources

Global Industry
Sales and Planning

Marketing &
Innovation

Europe Zone

A democratic dairy cooperative

Executive Management Team

7,624 owners

SRR

Agriculture,
Sustainability and
Communication

Finance, Legal,

IT & Strategy

Supply Chain

International Zone

Subsidiaries

Arla Foods Ingredients Group P/S
100% owned by Arla
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Our production units

j Arla Foods

Arla Foods Ingredients
Taw Valley

United Kingdom

ARINCO
Videbaek

Ingredient
Felinfach
United Kingdom




Arla Foods Ingredients across the world

O sales offices
= 1. New Jerse
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TECHNOLOGY & DESIGN S
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What is Whey?
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Milk

Fat 3.80%

Protein 3.40%

Lactose 4.90%

Ash 0.70%

TS% 12.80%

\4
Milk

Fat 3.80%

Casein 2.65%

Whey 0.75%

Lactose 4.90%

Ash 0.70%

TS% 12.80%

Whey Cheese

Fat 0.06% Fat 33.00%
Casein 0.00% Casein 33.00%
Whey 0.75% Moisture 33.00%
Lactose 4.90%
Ash 0.70%
TS% 6.41%




Our ingredients value chain from
100kg of Milk

Arla & Partners

Filtration processes

L Cheese
progess |
) | i

e  WPC80/ WPI
<lkg @

\
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Composition of whey

 Whey is made up a number of components dissolved, or dispersed, in water
 Components have differences in shape and size (molecular, ionic or particulate size)
 Whey can be separated into it’s various components through membrane filtration

Lactose Protein Fat (0.05%)

(4.8%) (0.75%)

Molecular Mass : Molecular Mass : Molecular Mass : Molecular Mass : Molecular Mass :

18 ~50-250 342 10-150 kDa >100 kDa
Size : 107mm Size : 10— 107mm Size : 10— 107mm Size : 10> - 10®°mm Size : 102-103mm
o © MONOVALENTIONS @ MULTIVALENT IONS @  sverss. o acios & rrorens rousaccunnines ‘”MUL”ES""“C"“S’BWM
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Membranes for
dairy processing
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embrane Technology to Separate Whey Components

Particle size, um 0,0001 0,001 0,01 0,1 1,0 10 100
Molecular weight, D 100 1 000 10 000 100 000 500 000
Particle characteristic  lonic Molecular Macro-molecular Cellular + micro-particulate
lons Whey proteins Fat globules Yeast, moulds
Milk system Salts Casein micelles Bacteria
components
Lactose/derivate Vitamins Whey protein aggregates, cheese fines

RO UF Traditional filtration
Separation
process NF MF
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embrane Technology to Separate Whey Components

MICROFILTRATION ULTRAFILTRATION NANOFILTRATION REVERSE OSMOSIS
Rejected Rejected Rejected Rejected
Suspended Solids Macramolecules Amina Acids Salts
Micellar Protein Protein/Enzymes Multivalent Salts
Bacteria Starch Polysaccharides
Fat
T
i . - i s
GRS i
FPermeate Permeate Permeate Permeate
Protein/Enzymes Amina Acids Manovalent Salts Water
Amino Acids Sugars Manosaccharides
Sugars Salts Waler
Salts Water
Water

The type of filtration Credit: Solecta
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Spiral Wound Membrane Element Construction

Filtration Surface

Open Structure
of Cast
Membrane

Polyester
Backing

Permeate
Spacer, soaked
in glue

500 pym

SEM of a glue seam
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Membranes in AFIl - Spiral Wound

e Spiral wound polymeric membranes are
the most commonly used in the Dairy
Industry (>95% of installed membrane
area)

 The most economical way of maximising
active membrane surface area

arla foods ingredients

powering nutrition together %




Membrane Plant Configuration

Membrane elements Joined together in Held in place with

installed into stainless @ series (1 to 5 elements ATDs (Anti-Telescoping
steel pressure vessels per housing) Devices)
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Membrane Plant — typical layout
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AFI Felinfach
Factory Balance
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AFIl Felinfach Mass/Energy Balance

79,000 mT of Whey Solids
16,000 mT of Whey Protein Energy Water

Water Recovery

Permeate solids Wastewater Treatment
to BioGas 3600 mT
29,000 mT
Protein Products Lactose Co Products
WPI / WPC80 Protien Powder Lactose Powder Fat Filled Milk Replacer Base Powder

11,000 mT 18,000 mT 30,000 mT
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Common Problems
& Modes of Failure
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Membrane Problems & Failures

Membrane
Adhesion / Glue Adhesion Creasing
Delamination

Blistering

(in glue line)

Permeate tube
damage /
cracking

Irreversible

Telescoping Smiling Fouling




Membrane Problems & Failures

Blisfering
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Membrane Problems & Failures

Membrane Adhesion / Delamination R




Membrane Problems & Failures

Glue Adhesion
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Membrane Problems & Failures

Creasing =™




Membrane Problems & Failures

Telescoping




Membrane Problems & Failures




Membrane Problems & Failures
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Opportunities
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AFI Felinfach Opportunities

Less Energy Less Water

More Whey Green Energy More Recovery

Water Recovery

|

Reduced Waste

New Technology

Permeate solids
to BioGas

Move to Food Good People

!

Protein Products Lactose Co Products
Efficiency Efficiency Value Add
Capacity Capacity NPD

NPD
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What we’ve discussed

 Arla Foods Ingredients (AFl) Overview

e Technology & Design Team

« What is whey?

« Membranes For Dairy Processing

e AFI Felinfach Factory Balance

« Common Problems and Modes of Failure
e Opportunities



Thank You

Any Questions?
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