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Fig. 2: Conventional or dead end filtration versus cross flow

The driving pressure is the trans-membrane pressure
(TMP), which is the pressure difference between the
mean pressure on the retentate side (high) and the
mean pressure on the permeate side (low or zero).

All Membrane Filtration processes are cross-

flow filtration processes (feed flow parallel to the
membrane surface, also called tangential flow). This
is because a high velocity and shear rate across the
membrane surface is essential to prevent build-up
of retained materials that reduces run times and flux,
and may also alter separation characteristics. High
cross-flow velocities are especially important in UF
(Ultrafiltration) and MF (Microfiltration) Systems.

Fig. 2 shows a comparison between conventional
filtration (dead end filtration) and cross-flow
membrane filtration.

In a conventional filtration, a slurry is separated into a
liquid and a more solid concentrated phase. Typically
a filter cake builds up and eventually the filtration
stops (or slows down) due to resistance in the cake
layer leading to lower capacity.

filtration Cross-flow Membrane Filtration differs from
conventional filtration in two ways: First of all,
separation/concentration is performed at molecular
level, whereas conventional filtration is typically
performed with slurries consisting of liquid and solid
particles.
/
S%anning electron microscope ‘ Optical microscope Visible to naked eye
H lonic range Molecular range lrlacror;c;I:culTr Micro particle range Macro particle range
f T f f T T
Micron (log scale) pm 0.0|01 0.(?1 0. I1 1.0 10 100 100D
1 1 1
Molecular weight MW 200 20,000 100,000 500,000
40-100 MW 150,000 MW
lons Immuno-|
100308 MW globulins| 2'6um
. 31,000 MW Fat
Salts Rennet| globules)]
nzym 0.1-0.3ym 5.25
. . . Casein -25um
Relative size 50-200 MW 18,000- micelles Yeast,
of common NPN 36,000 MW mould
materials g
lacto-
342 MW globulin|
actosd 1-5|.|m
66,000 MW
Bacteria
14,000 MW BSA
Alpha- 10pm
lactal-|( | Eoma tic
-bumin| cells
. Reverse Osmosi Ultrafiltration 1 ;
Separat|on <0.0011m / <100 MW 0.002-0.05um / 1,000-200,000 MW COnV%nt onal fll*ratlon
process Nanofiltration Microfiltration
\ 0.002um / 100-1,000 M! 0.05-5um / >200,000 MW

Fig. 3: The filtration spectrum for milk components
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Secondly, the term “cross-flow” refers to the fact that
the “filter cake” is continuously removed by applying
cross-flow over the membrane surface.

This minimises capacity decrease and extends
production time.

Filtration spectrum for milk components

So, how can we separate at molecular level?

Fig. 3 illustrates this with the “filtration spectrum” of
milk.

Milk contains four main groups of components

in terms of size (Bacteria + fat globules, Casein
micelles, whey proteins, lactose + NPN + minerals). If
we visualise a membrane as a sieve, it is obvious that
we should be able to separate these molecules into
the various sizes of the components — that is if we
have a membrane with “holes in the sieve” of a well-
defined size.

Successful separation is therefore dependent on both
membrane characteristics and the difference in size of
the molecules in the liquid.

Membrane Processes

Concentration

In true concentration all total solids are retained since
only water can pass through the membrane (as in
evaporation and drying processes).

Example: RO.

Fractionation

Changing the chemical composition by concentrating
some components, while others remain unchanged.
Example: NF, UF and MF.

Clarification

Changing a turbid liquid into a clear solution by
removing all suspended and turbid particles.
Example: NF, UF and MF.

Sterilisation

Removing all microorganisms from a liquid.
Example: MF.

The various membrane processes are discussed in
the following with reference to Figs. 4 to 7.

Reverse Osmosis

In Reverse Osmosis practically all total solids
components are rejected by the membrane, allowing
only water to pass through.

Since practically all ions (apart from H+ and OH-)
are also rejected by the membrane, the osmotic
pressure in the retentate will increase, requiring high-
pressure pumps to overcome the osmotic pressure.
The amount of permeate produced is often referred

Fig. 4 Reverse omosis

w
L] 0 .
=
e 0 L

Fig. 5 Nanofiltration

Fig. 6 Ultrafiltration

Fig. 7 Microfiltration
@ RO Particles, micro-organisms, suspended solids
@ Large dissolved molecules
= Small dissolved molecules
Salts

K Water J

to as “recovery”. 90% recovery means that 90% of
the feed is recovered as permeate (equal to 10x
concentration).

Low molecular components such as organic acids
and NPN components are not fully rejected by the
membrane, especially when they are uncharged
(non-ionic), typically in acidic environments. This

is the reason why COD levels in the permeate are
higher when processing acidic products (e.g. lactic
acid whey) compared to sweet products (e.g. sweet
whey). The maximum achievable solids by RO are

in the range of 17 to 25% solids for whey and UF
permeates.

The term RO Polishing (RO-P) is used for RO
processing of RO or NF permeate streams or
condensate from evaporators. RO-P is based on
an ordinary RO system that is used to polish water

12
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streams by removing small substances in order to
generate high-quality water from milk products also
known as ‘cow water’.

Nanofiltration

NF is very similar to the RO process. NF membranes,
however, are slightly more open than in conventional
RO. NF allows passage of monovalent ions such as
Na+, K+ and Cl-, whereas divalent ions like Mg++
and Ca++ are almost completely rejected by the
membrane. In this way the NF process demineralises
the feed, typically by 30 to 40%. The degree of
demineralisation is the percentage removal of
minerals (or ash) from the permeate.

Ultrafiltration

UF has many applications. Basically, however, it

is a process for concentration of protein (and milk
fat). In the dairy ingredients industry UF is used

for concentration of whey proteins from whey into
Whey Protein Concentrate (WPC) products, or for
concentrating milk proteins from skim milk into MPC
products.

The protein content can be concentrated to up

to approx. 30% protein, and in many cases the
retentate can be spray-dried directly without an
evaporation step. Diafiltration is necessary for higher
purity products such as WPC 80 (80% protein in

the powder or in the solids). In Diafiltration, water is
added to the retentate to increase “washing out” of
dissolved substances such as lactose and minerals to
the permeate.

UF of whey for the production of WPC retentates (a
fat removal step is essential for producing WPI):

Microfiltration

Basically, there are two microfiltration processes:
Bacteria removal/"cold sterilisation” (MF) and
fractionation (also called microfiltration fractionation —
MFF or the APV Pro-Frac™ process).

Bacteria removal (MF)

In “cold sterilisation” using ceramic membranes with
0.8 to 1.4 micron pore size, it is possible to achieve

a 3.0 to 4.0 log reduction of total plate counts. Feed
liquids that can be processed are skim milk, whey and
WPC. Whole milk cannot be microfiltered due to the
presence of milk fat globules that can block the MF
pores. Since only bacteria are removed, this means

in theory that no fractionation takes place. However,
aggregated protein particles/micelles and large fat
globules may be partially rejected by the membrane.

With MF it is possible to produce ESL milk with shelf
life of up to 28 days at 5°C, or to combine MF with
HHT/UHT processes, where the UHT thermal load

can be reduced (since MF remove HRS spores) to
make new types of market milk products. For cheese
milk, MF is used to remove Clostridia spores, so that
nitrate addition to the cheese milk can be avoided.
For raw milk cheese (of non-pasteurised milk), MF
operating at <40°C removes critical pathogenic
bacteria such as Listeria and Salmonella with a
reduction of approximately 3 to 3.5 log.

Cheese brine can also be clarified and sanitised.
However, SW/organic membranes are often used
instead of ceramics for this application. Cheese
brines may often contain large yeast and mould
counts, but the content can be reduced to <10/ml using
MF without changing the chemical composition of the
brine (which does happen during pasteurisation).

Fractionation - Pro-Frac™

In the protein fractionation processes using ceramic
or organic membranes with 0.1 to 0.5 micron pore
size, large proteins (casein micelles) are separated
from the small soluble proteins (whey proteins). In this
way it is possible to concentrate the micelles for use
in the production of cheese, fermented products and
modified MPC powder. It may be possible to produce
caseinate only using membranes.

The whey from Pro-Frac™ is a ‘virgin’ whey also called
ideal whey. It has a very high value due to the fact that
it has not been exposed to starter cultures or rennet
as in the case of classic cheese whey. Ideal whey is
very attractive to the ingredients industry as high value
WPI due to its superior functional properties.

Similar membranes are used in the whey-defatting
process to remove all fat and aggregated whey
proteins from whey or WPC products to produce
WHPI products with less than 1% fat in the powder.
Since the pore size is very small for fractionation
processes, the permeate is theoretically sterile.

Pre-treatments

Pre-treatment membranes (especially SW elements)
are sensitive to suspended particles and cleaning can
be difficult if these particles are not removed before
the feed enters the membrane filtration plant. A whey
clarification step is thus necessary to remove cheese
fines, and a separator is necessary to remove whey
fat. The feed should also be pasteurised to prevent
high bacteria counts in the retentate.

A bag filter or metal strainer can also be installed to
protect membranes from large particles in the feed.

Calcium phosphate precipitation may occur when
concentrating dairy liquids. This phenomenon can be
prevented by lowering the pH (pH adjustment to 5.9
to 6.0), reducing temperature, and avoiding high VCF.

22001-03-06-2010-GB
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Fig. 8: Various membranes used for dairy applications

Capacity, run time and fouling

A membrane is always exposed to fouling. This will
lower the permeate flux and thus plant capacity. In
RO/NF processes fouling may be compensated by
gradually increasing the pressure (TMP) to ensure
constant plant capacity. This is more difficult for

UF membranes, since raising the feed pressure will
increase the flux for a short period only, after which it
drops back again to the level obtained before the feed
pressure was raised. A UF plant may start up at 20

to 50% higher capacity than the average capacity it
was designed for. Usually average capacity is reached
after 3 to 4 hours and flux decrease will be less
significant during the remaining production time.

Overflowing of initial surplus permeate into the

feed tank or putting in some loops can be used to
compensate for fouling and reduced plant capacity,
and thus achieve constant capacity. Microfiltration
plants are usually operated at a constant capacity as
the TMP is minimised to avoid fouling.

Run times are usually 10 hours for warm processes
(50°C) and 20 hours for cold processes (10°C). Run
times are limited by fouling, bacteria concentrations
(or even growth) or/and compaction of the boundary
layer (e.g. protein gel layer or fat, which may alter
separation characteristics).

Pore size (nm) 05-2

( Retentate \

Pressure vessel

End cap with
permeate outlet

Membrane element

ATD - anti-telescoping device
stainless steel

k Feed )
Fig. 9: The Spiral wound module with the spiral-wound elements
divided by anti-telescoping devices made in stainless steel.

Membrane elements and module design

Membranes are either made of polymers (organic)

or ceramics (inorganic). Organic membranes are
typically in the form of a spiral-wound element, and
ceramic membranes are typically in the form of tubular
elements.

Organic membranes

Spiral-wound elements are most often used, since
they are cheapest per square metre, compact, easy to
replace and comply with standardised dimensions.

However, they are not suitable for liquids containing
large quantities of suspended particles. These can get
trapped inside the element construction (spacer net),
or in very viscous products.

The elements are 3.8” (4"), 6.3" (6") or 8.0" (8") in
diameter and 38" or 40" long. An element designated
“3840" means diameter 3.8" and length 40". A further
defining attribute is the height of the spacer net,
which is measured in “mil” (1/1000 of an inch). If the
viscosity of the liquid increases — e.g. during protein
concentration — the spacer height must be selected
accordingly (see Figs. 8 and 9).

MwcCoO <100 100 - 500

Typical pressure (bar) 30 - 40 20 - 30

Typical temperature (°C) 10-30 10-30

Applications Concentration

0-60 800 - 1,400
5,000 - 20,000
3-8 0.1-0.8 0.1-0.8
10 or 50 50 50
) o Protein Protein fractionation | Bacteria removal
Demineralisation/ e e R
concentration (WPC/MPC) Whey fat removal
(WPD) ESL milk

Table 4: Characteristics of membrane process parameters and applications for the individual membrane processes
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Fig. 10: UF membrane

SW Module and loop configurations:

SW elements are operated with a pressure drop of
0.8 to 1.2 bar per element (for 8” elements max. 1.0
bar). To avoid telescoping of the spiral, an ATD (Anti-
telescopic device) must be placed at the end and
between the elements. SW elements can be mounted
in series inside a housing (also called a pressure
vessel or module). Spacer height, flux curves, pump
performances and pressure drops determine the
configuration of a SW plant.

Plate and frame (P&F), module 37 (M37) is the

only P&F module still in use and only used for
high-viscosity products such as cream cheese
(Philadelphia type). This module can go high in protein
% (more than 299%), when operated with a positive
pump up to 12 bar. The cross flow rate should be 25
I/plate/min.

Inorganic Membranes (Ceramics):

Unlike the polymeric membranes (especially RO/

NF and UF), the ceramic material is very resistant to
heat and chemicals. Ceramic membranes will last for
typically 5-10 years or more. However, they are much
more expensive and generally require more pumping
energy. Their ceramic nature makes them sensitive

to mechanical vibrations (should always be installed
vertically) and thermal shock.

Tubular membranes:

Ceramic membranes are tubular with the feed
circulating inside tubular channels. The diameter
of these channels is 3, 4 or 6 mm and is selected
according to the viscosity of the product. The main
application for ceramics is MF, since the ceramic
element can be operated with permeate back-
pressure in order to achieve a low TMP, which is
crucial for successful results.

22001-03-06-2010-GB

Fig. 11: RO membrane

The standard element is the Gradient Pressure
(GP) element in which the permeate back pressure/
resistance is integrated inside the membrane
structure.

Membrane materials

A number of materials can be used for the
manufacture of membranes. Organic polymers and
ceramic materials are used particularly in the food
and beverage industries. These industries need to
use materials that are food compliant and able to
withstand the conditions needed to maintain hygienic
food production. This often means relatively tough
cleaning and sanitising conditions.

Polymers are high molecular weight compounds built
up from monomers. Monomers are in different basic
types and furthermore combined (polymerised) in a
number of ways to enable different membrane material
functionalities. The “woven” structure of the polymers
can be adapted to provide a membrane pore structure
that allows some molecules to pass while retaining
others. The pore size of a specific membrane can be
controlled through the choice of polymer and certain
physical/chemical characteristics during production of
the membrane.

Membranes are often made of several layers. They
can, for example, consist of a thick porous support
layer and a denser layer on top to give the membrane
certain attributes. RO and NF membranes can feature
a third, very thin top layer.

Fig. 10 shows a close-up of a UF membrane. It shows
that the membrane has actual pores in a “sponge” like
structure.

Fig. 11 shows an RO membrane. Basically the
membrane is a UF membrane with a very dense top
layer.
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Fig. 12: Batch mode operation of a membrane system
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Typical membrane polymers in the sanitary
industry are:

= Polysulfone (or polyethersulfone) (PS/PES) are the most
common types of UF membranes. They are also widely
used as support membranes for NF and RO membranes
and have a relatively high chemical resistance, combined
with good thermal properties

= Polyvinylidene (PVDF) is typically used for MF
membranes. It has very good chemical and thermal
properties

= Polyamide (PA) is typically used as top layer membrane
for RO. PA is not so resistant — especially against
oxidising agents such as chlorine

Ceramic membranes

Aluminum oxide, titanium oxide and zirconium oxide
are the most common materials used for ceramic
membranes. Most ceramic membranes are made for
MF and based on sintered aluminium oxide.

These inorganic membranes have extremely good
chemical and thermal resistance.

Characterisation of membranes

One of the things that is important when a membrane
is chosen for a specific purpose, is the “cut off” value
of the membrane. Certain materials (such as PS) can
be made with various pore sizes.

They are therefore characterised by their cut off value
stated by the membrane supplier. This gives a good
indication for choosing a membrane for a specific
application.

In the dairy industry, a typical cut-off value for UF

is 10,000 Dalton. This is due to the fact that whey
proteins are typically larger than this, whereas lactose
minerals etc. are much smaller. This means that, in
principle, the membrane retains all the whey protein.
All molecules smaller than 10,000 Dalton can pass
the membrane freely (for example lactose with a
molecular weight of approx 350).

However, there will always be a certain pore size
distribution that results in some rejection of lactose

Water Retentate

Membrane module

S Permeate

— ’

Membrane

Fig. 13: Continuous mode of operation of a membrane system

for example, and some passage of whey protein.

For MF membranes, the cut-off value is more often
defined as the physical size of the pores.

RO membranes — and to some extent NF membranes
— have no actual pores in the active membrane.

In these membrane types membrane “cut off” is more
commonly defined as rejection of a specific salt
(typically NaCl in the case of RO, and MgCI2 in the
case of NF).

NF membranes can also be characterised in terms of
percentage rejection of an organic compound such as
lactose.

Given the fact that not all membrane suppliers use
the same characterisation method, it is not always
possible to compare two membranes directly based
on their cut-off values.

SPX sources membranes from the major international
membrane suppliers, and works closely with them to
develop new and improved membranes. However, all
membrane types sold by SPX must pass a validation
test in our Innovation Centre to ensure that the
membrane fulfills our performance requirements.

In addition, the membrane is tested on a larger
commercial scale before being released for sale by
SPX.

SPX is an application specialist and our choice

of membranes will be based on our extensive
experience. The physical quality and optimal
performance of the membrane for a given application
will always have priority over the acquisition price.

General System design in brief

There are basically two main designs or modes of
operation of industrial scale membrane systems:

= Single pass or continuous operation
= Multi pass or batch operation

In a batch process (see Fig.12) the feed stream is
concentrated over a tank e.g. protein standardisation
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in the raw milk silo. Once the stream is slightly
concentrated in the membrane plant, it returns to
the tank and mixes with the rest before once more
proceeding to the membrane plant.

The process stops when the correct concentration is
achieved in the feed tank.

In a continuous plant the feed stream, e.g. milk or
whey, enters the base line via the feed pump and
proceeds via the loop booster pumps to the loops
where it will be re-circulated a number of times. As
the permeate continuously leaves the system from
each loop, the retentate (concentrate) becomes more
and more concentrated until it reaches its final level
of concentration, which is controlled by the retentate
valve through which it continuously leaves the
membrane plant.

A batch is the most efficient way of using the
membrane area. However practical issues, such as
the volume that needs to processed as well as the
concentration level and logistics, will determine the
most suitable mode of operation. The continuous
process is by far the most used mode of operation in
the dairy industry (see Fig. 13).

Figs. 14 and 15 show the flow layout of a RO/NF and
UF system respectively.

There are two main differences between the two
systems. These are basically the differences between
low and high pressure systems. RO/NF is operated
at high pressure up to a total system pressure of 40
bar in the case of RO and typically 25 bar for NF,
compared to 3 to 8 bar in UF. This means that RO/NF
systems require high-pressure feed pumps to provide
the necessary feed pressure to the base line.

Another difference is the balance tanks. UF often
employs a double balance tank enabling controlled
overflow from the permeate tank to the feed tank.

In an RO/NF system, capacity is easily regulated
through pressure. In a UF/MF system, the low feed
pressure (typically 1-3 bar) calls for more ways to
control capacity, as the pressure regulation range is
more limited. The double balance tank design enables
permeate flow back into the plant, if the capacity of
the plant is too high.

The booster pumps inside the plant (in the “loops”)
are used for re-circulating the feed at a higher rate
than is possible by the feed flow alone, thereby
obtaining improved cross-flow.

The APV SepStream System design

APV SepStream membrane skids are available in
4 RO/NF versions and 4 UF versions as shown
in Table 5. The version figures refers to the

approximate capacity for specific whey processing,
i.e. from approximately 5,000 I/h to 20,000 I/h when
concentrating sweet whey from 6 to 18% TS, and
the same capacity range for the UF systems when
concentrating sweet whey to WPC 35 (whey protein
concentrate with 35% protein TS).

Capacity will vary, however, depending on product
compositions, inputs and outputs, and operation
parameters. SPX application specialists will guide and
support you in choosing the optimum APV SepStream
version to suit your specific needs.

Examples of the pre-engineered UF and RO skids
can be seen in the 3D drawings in Fig. 16 for the APV
SepStream-RO/NF10 skid, and in Fig. 17 for the
APV SepStream-UF10 skid.

The APV SepStream UF Systems

The APV SepStream UF Systems are fully skid-
mounted on a stainless steel frame complete with
automation panel and waterproof, skid-mounted IP 66
frequency converters. The Plug & Produce units are
fully cabled and electronically tested in our workshop
prior to delivery.

Fig. 17 shows the main sections of the APV
SepStream-UF10 skid.

The feed systems

The feed product e.g. cheese whey enters the
enclosed feed tank (1) with automatic level control
and is then taken by the feed pump into the base
line via a stainless steel security filter to stop any
impurities from entering the membranes. The
pressure in the base line is boosted to 2 to 3 bar
and controlled by the frequency converter on the
feed pump. The base line also features a tubular heat
exchanger to heat the CIP chemicals during the CIP
process.

The recirculation loops

When the product enters the recirculation loop, the
pressure is boosted by the recirculation booster pump
to 6 bar. The cross-flow over the membrane causes
separation and concentration of the feed product

into a permeate stream that leaves the plant via the
permeate outlet flow transmitters on its way to the
permeate tank.

APV SepStream - UF5 | APV SepStream - RO/NF5

APV SepStream - UF10 | APV SepStream - RO/NF10

APV SepStream - UF15 | APV SepStream - RO/NF15

APV SepStream - UF20 | APV SepStream - RO/NF20

Table 5: APV SepStream versions
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Fig. 17: APV SepStream UF10 skid
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The retentate stream (the concentrate) is recirculated
a number of times over the membranes and passes
on to the next loop for further separation and
concentration before leaving the plant through the
retentate system.

In the recirculation loop a tubular cooler ensures a
consistent pre-set temperature during production and
CIP. The flow, pressure and temperature in the system
are automatically regulated and controlled by the
automation system.

The retentate system

The retentate leaves the UF plant trough the retentate
valve (3). The concentration ratio is automatically
controlled as a ratio between the permeate and the
retentate outlet. Ratio control indirectly controls the
protein level of the retentate, e.g. WPC 35 obtained
by a VCF of approximately 5.

The permeate system

The permeate leaves the individual membrane
modules trough a collection pipe for the individual
loops and passes a flow transmitter (4) for each
individual loops from where it is lead to the permeate
collection tank. The level in the permeate tank is
automatically controlled and the permeate is pumped
from the permeate tank to the permeate storage tank

(4).
Automation solution

The APV SepStream control system is a semi-
automatic solution combining automatic functions
with some manual ones. The splash-proof control
panel on the Membrane Filtration plant skid is made of
stainless steel.

The control panel contains a Siemens CPU with
ET200 digital/analog input/output-cards for the items
on the skid and a Profibus connection to the skid-
mounted Frequency Converters.

The plant is operated from a Siemens touch operator
panel mounted in the door of the control panel.

The control system contains automatic CIP programs
with seven identical steps. Each step consists of
preheating, manual dosing of a CIP agent, circulation
with the CIP agent including cooling, and a flush.

The control system includes PID regulators and On/
Off-regulators. Each regulator is shown on the screen.
The regulators are controlled by the operator or the
PLC logic.

The APV SepStream Automation Solution has built-in
safety features in the form of alarms to ensure high
operational security and optimum plant performance.

Motor controls: All pumps are equipped with splash-
proof Frequency Converters placed on the skid.

4 1\
Local —1
Operator] f=—==# i
Panel WSS
PLC Field Bus || Frequency Converters
External m (Profibus)
Network
(Profibus)
Field 10
Modules
Control Panel
S J

Fig. 18: Control system architecture

Optional functions:

= Automatic CIP dosing (instead of manual dosing). The
selected agent is dosed at each step in the CIP program
by a pre-set flow amount controlled by a maximum
dosing time alarm.

= Communication link via Profibus to an external control
system. This enables remote control of the plant and
plant data collection from an external control system.

= Additional operator SCADA system consisting of a
Wonderware Intouch PC for operator room placement.
This enables remote operation, easy plant overview,
surveillance and plant data collection incl. trend
curve screens for easy production optimisation and
troubleshooting

The APV SepStream RO/NF system

The APV SepStream RO/NF systems are fully skid-
mounted on a stainless steel frame complete with
automation panel and waterproof, skid-mounted IP 66
frequency converters. The Plug & Produce units are
fully cabled and electronically tested in our workshop
prior to delivery.

The RO/NF-10 skid consists of following main
sections (see Fig. 16):

The feed systems

The feed product e.g. cheese whey enters the
enclosed feed tank with automatic level control and
is than taken by the feed pump into the base line via
a stainless steel security filter. This ensures that no
impurities enter the membranes. The feed proceeds
via a flow transmitter that measures the feed inlet.

The pressure in the base line is boosted by the high
pressure pumps to 36 bar for RO of whey and 25
bar for NF of whey and controlled by the frequency
converters on the feed pumps. The base line also
features a tubular heat exchanger to heat the CIP
chemicals during the CIP process.
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The recirculation loops

When the product enters the first recirculation loop,
the pressure is boosted by the recirculation booster
pump to approximately 40 bars for RO or 29 bars for
NF.

The cross-flow over the membrane causes separation
and concentration of the feed product into a permeate
stream that leaves the plant via the permeate outlet
flow transmitters before proceeding to the permeate
tank.

The retentate stream (the concentrate) is recirculated
a number of times over the membranes and passes
on to the next loop(s) for further separation and
concentration before leaving the plant via the
retentate system.

In the recirculation loop a tubular cooler ensures a
consistent pre-set temperature during production and
CIPR.

The flow, pressure and temperature in the system
are automatically regulated and controlled by the
automation system.

The retentate system

The retentate leaves the RO/NF plant through

the retentate valve and the concentration ratio is
automatically controlled as a ratio between the

feed inlet and the permeate outlet. The ratio control
indirectly controls the TS level obtained by a VCF of
approximately 3 when concentrating from 6% TS in
the feed (whey) to 18% TS in the retentate.

The permeate system

The permeate leaves the individual membrane
modules through a loop collection pipe and passes a
flow transmitter for each individual loop from where it
is led to the permeate collection tank. The level in the
permeate collection tank is automatically controlled.

PARAMETER

Iron (Fe) mg/l

ORGANIC MEMBRANE | ORGANIC MEMBRANE | CERAMIC MEMBRANE

The permeate is pumped from the permeate collection
tank to the permeate storage tank.

Optionally the permeate can be led to a drain or
collected by means of a flow split without using a
permeate collection tank and pump. However, it is
important to keep the counter pressure below 0,8 bar
when using this option.

Automation system for the RO/NF system

The automation solution for the RO/NF is basically
the same as described for the UF skids, except for a
different pressure level and ratio control based on the
ratio between the feed and the permeate outlet.

CIP system and procedure

The CIP procedure for APV SepStream RO and UF
Systems using organic membranes requires special
cleaning chemicals such as P3-Ultrasil from Ecolab,
Divos from Johnson, or Ro-Dan from Novodan in
order to ensure proper cleaning with removal of

all fouling materials from the membranes. This is
necessary to ensure a high microbiological standard
as well as optimal membrane filtration performance.

SPX has very extensive experience of membrane
system cleaning in connection with the production of
various dairy products. Thorough descriptions of CIP
procedures are part of the plant documentation of all
delivered systems.

CIP water quality is also very important for optimum
CIP and to avoid damage to membranes.

The water used should be within the specifications
shown in Table 6.

If the silica content is less than 5 mg/l, higher levels of
iron (max. 0.2 mg/l) and manganese (max. 0.05 mg/l)
may be acceptable in some cases. Water hardness
higher than 15°dH may be acceptable, but the CIP

Anganese (Mn) mg/I

Aluminium (Al) mg/I

Silica (SiO2) mg/l

Chlorine (CI2/HOCI) mg/|

German Hardness °dH

Fouling index SDI

Turbidity NTU

Total plate count 22°C per ml
Total plate count 37°C per ml

Coliforms per 100 ml

<0.02 <0.02 <0.05
<0.05 <0.1 <0.1

<15 <15 <15
<0.1 <5* <5*

<15 <15 <15
<3 <3 <3

<1 <1 <1
<1000 <1000 <1000
<10 <10 <10

<1 <1 <1

*) The chlorine content should be max 5 mg/l in order to avoid development of chlorous gas when cleaning with acid.

Table 6. Water quality guidelines
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procedure will have to be modified accordingly
(higher dosage concentrations, extra addition of
EDTA/NTA, etc.). The chlorine content should be max
5 mg/l in order to avoid development of chlorous gas
when cleaning with acid.

The APV SepStream Systems are designed with built-
in CIP facilities including automatic CIP programs.

After flushing the CIP chemicals are added manually
into the feed tank and the systems will run the pre-set
CIP program automatically. Optionally the skids can
be delivered with an automatic CIP chemical dosing
system.

Application of the APV SepStream
Systems

As mentioned in the introduction, APV SepStream

UF and RO/NF systems are highly flexible in terms of
application options. This section deals with a series of
applications starting with membrane whey processing
followed by milk processing and environmental
solutions such as white water recovery, process water
reclaim, treatment and reuse.

Membrane whey processing

Some whey appllications are fairly sophisticated and
require large volumes of whey to be feasible. There
are also many application opportunities, however,

for smaller and medium scale producers who would
rather realise these instead of pre-concentrating the
whey using UF or RO/NF and selling WPC 35/60 or
whey RO/NF concentrate to larger whey processors.
See Fig. 19.

Whey is the by-product resulting from traditional
cheese making and casein manufacture. Of the total
volume of milk entering a given process, 80 to 90%
will leave the process as whey containing about
50% of the total solids of the original milk. There are

two main types of whey: sweet whey (also known as
cheese whey or rennet whey), and acid whey.

Sweet whey is a by-product from the manufacture

of hard, semi-hard and soft cheese as well as rennet
casein and has a pH between 5.9 and 6.3. Acid
whey is a by-product from the manufacture of casein
using acids for milk protein coagulation and has a pH
between 4.3 and 4.6

Acid whey also results from the production of cottage
cheese and fresh cultured cheese such as quark,
cream cheese and Tvorog etc. In this kind of whey the
acid is obtained from lactic fermentation and is thus
often called lactic acid whey. The pH in lactic acid
whey obtained by acidification with mesophilic starter
cultures is typically 4.5.

A substantial part of the whey protein is precipitated
and retained in the curd in the production of quark
and cream cheese with separators using thermo
quark technology, i.e. high heating the milk prior to
acidification to 95°C for 5 minutes.

This results in a higher yield in quark production,

but leaves a poor quality lactic whey for further
processing. The total protein content in thermo quark
whey is typically 0.45 to 0.50%. However, the main
part, or 0.35%, consists of non-protein nitrogen
(NPN) that cannot be recovered in a UF process as
the small protein components will pass through the
membrane and into the permeate.

Whey is a very complex mixture of a great many
constituents, some of which occur in very small
concentrations. Some constituents can be highly
valuable in their isolated form, even if they represent
only very limited value when they are mixed with the
rest of the whey solids. The main solids in whey are
soluble protein, lactose, and minerals and vitamins.

Table 7 compares the composition of milk with that
of sweet and traditional lactic acid whey as well

as UF permeate which is the by-product for UF
concentration of whey.

OMPO % A ACID DM EA
otal prote 3.40 0.80 0.80 0.17
0S€ 4.75 4.50 3.62 4.40

d 0.20 0.15 0.85 0.15

otal A 0.75 0.50 0.67 0.50
4.20 0.50* 0.06 0.00

* 0,05% fat after separation or prior to the membrane process equal to 6.00% TS in the feed

** based on WPC 35

Table 7: Example of composition of milk, sweet and acid whey, and UF permeate
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Fig. 19: Applications of whey based ingredients

For many years whey was looked upon as a
troublesome waste product and was frequently
dumped into the sea, sprayed on fields or returned to
farms as animal feed. This situation has now changed
with the introduction of new and more efficient
separation technologies.

Nowadays evaporation and spray drying are used to
make whey powder, and crystallisation of evaporated
whey are used to make lactose. It was, however,

the introduction of new separation processes such

as membrane filtration, ion exchange and electro-
dialysis that offered the wide range of opportunities
for producing a wide range of new products based on
whey. These include functional food ingredients with
added value, and products for the pharmaceutical and
nutraceutical industries

The following focuses on production of WPC 35

or 60, and RO/NF concentration of whey and UF
permeate, and addresses the options open to small
and medium scale cheese producers for adding value
to whey.

Pre-treatment of whey prior to membrane
filtration

Irrespective of whether UF, RO or NF membrane
processing is used, pre-treatment of the whey prior
to membrane filtration is very important for membrane

Infant
formulas

Whe

ticals |ngr ased

ents ceuticals

Bakery
products

Follow-on
Slimming/
clinical foods

Beverage/
Athletes’
boosters

Health
foods

Nutricial drugs

Pharma-

Tablets/
inhalers
eat/fish
convenience
products Ham/

minced meat

\ Emulsions/
dressings

system performance as well as microbacteriological
quality.

Fig. 20 shows the pre-treatment prior to the
membrane filtration of sweet whey.

Pre-treatment of sweet cheese whey:

* Removal of casein fines and other sediments sufficient
to give 0.10% or less sediment by centrifugation at 50°C
and 1500 rpm for 5 minutes in a Gerber centrifuge.

= Fat removal (<0.06%).

Pasteurisation: 72°C/15 sec. with max. delta T in heat
exchanger: 2°C.

= In pasteurisation at temperatures above 80°C a
flux decrease may be observed. Milk pasteurisation
temperatures can also have this effect.

= Inclusion of air must be avoided.

= Safety filtration in a 50 micron back filter system is
recommended to ensure removal of the fine casein
particles

Optional pre-treatment for specific processes with
high solids level and high protein level:

= pH adjustment (pH 5.9 to 6.0)

Pre-treatment of lactic acid cheese whey

* Removal of casein fines and other sediments sufficient
give 0.10% or less sediment by centrifugation at 50°C
and 1,500 rpm for 5 minutes in a Gerber centrifuge

22001-03-06-2010-GB
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Sweet whey
Copsn Thes Removal of <0.10% sediment
cheese fines
Separation for <0.05% fat
Whey cream fat removal
Pasteurisation at 72°C for 15 sec.
Storage at 8 to 10°C
Permeate Membrane filtra-  EENCPEIERS
tion UF, RO or NF
I
at 8 to 10°C
or cooled to 4 to 5°C for transportation

J

Fig. 20: Pre-treatment prior to membrane filtration of sweet whey

= Safety filtration in back filter systems is required to
ensure removal of the very fine casein particles that are
typically found in lactic acid cheese whey

= Fat removal (<0.06%)

» Pasteurisation: 55°C/15 sec. with max. delta T in heat
exchanger: 2°C

= Inclusion of air must be avoided
Remarks to the pre-treatment of whey

Removal of casein fines and fat is important for the
performance of the membrane plants in order to avoid
fouling i.e. build up of a layer on the membranes that
will significantly reduce filtration efficiency. In the
worst case fouling can block the membranes and may
necessitate membrane replacement.

A whey strainer or clarifier can be used to remove
casein fines after the whey leaves the cheese vat and
the cheese press at approximately 32 to 38°C.

Lactic acid whey requires a bag filter system to
ensure removal of the very fine casein particles that
are typically found in lactic acid cheese whey. This

kind of filter is also recommended for all kinds of
whey. In particular, if the strainer or clarifier are not
performing 100% satisfactorily, the bag filter acts as
a safety net. It will also always improve membrane
system performance by reducing fouling, resulting in a
higher flux rate.

The whey is then cooled to 8 to10°C or less
depending on storage time in order to avoid
acidification.

Whey separation for removal of fat will typically
take place at between 50 and 55°C upstream from
pasteurisation.

It is important to pasteurise at temperatures below
80°C in order to avoid membrane capacity decrease.
High milk pasteurisation temperatures can also have
this effect. The max. delta T in the heat exchanger
should again be 2°C in order to avoid precipitation of
the whey proteins and a resulting capacity drop.

Pasteurisation can be omitted for high quality whey
that is cooled immediately after it leaves the cheese
vat and is processed within a few hours. WPC or RO/
NF concentrated whey should be pasteurised prior to
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shipment if they are not to be used internally.

If used internally for Microparticulation (MP), the whey
will be pasteurised during this process.

UF production of WPC 35 and 60

The pre-treated whey is pumped at a temperature
between 8 and 10°C from the storage tank to the
UF system for concentration to the desired level of
protein solids (TOP/TS). As mentioned under the
systems description, the level of TOP/TS is pre-set
and automatically controlled in the form of a ratio
control to ensure the right TOP/TS level.

Table 8 shows a typical mass balance and volume
overview for WPC 35/60 and also WPC 80 (as a
comparison).

While a higher capacity can be obtained at higher
temperature, a low temperature will ensure a

better microbiological quality of the WPC and is
recommended in particular if the whey is not to be
pasteurised. The temperature will increase during
production as a result of the heat generated by the
booster pumps. Cooling may not be necessary,
however, as a temperature increase of approximately
2°C might be acceptable, enabling you to save the
cooling energy.

The retentate is collected in a storage tank at
approximately 10°C ready for internal use. It can
also be pasteurised, further processed using
microparticulation, and/or cooled to <5°C for
transportation.

The permeate is also collected for possible further
RO or NF processing.

Lactic acid whey from Cottage cheese or Tvorog,

for example, can also be processed to WPC 35 or
WPC 60 using the same UF system. A production
temperature of 50°C might be the optimal choice

for Lactic acid whey for performance reasons and
because it is less critical from a microbiological point
of view due to its low pH level.

Application of WPC 35 and 60

WPC 35 is often referred to as a skim milk True protein 9.32 0.02
replacer as it has the same consistency as 020 | 039 | oss | 104 0.16

gklm mllk. It_ can.be used in many applications Total protein 0.80 236 | 1017 | 10.33 018

in which skim milk powder is typically used.

WPC 50 or 60 have a higher protein content Lactose 450 | 485 | 443 | 1.1 4.50

and are often used in protein-boosted lines Lactic acid 015 | 016 | 0.14 | 0.04 0.15

such as nutritional products etc. Total Ash 050 | 0.60 | 0.77 | 0.46 0.50
WPC 36 or 60 can be sent on to milk powder 050 | 030 | 096 | 2.07 0.00
manufacturers for evaporation and drying or to GRS 645 | 925 | 1545 | 23.00 5.33
other dairies and food manufacturers for use 19.5 WPC 35 160.0 m®
as a direct ingredient. Alternatively they can be [RAES 200m? | 40m® | " [58m® | WPC 60 187.5 m*
further processed to make WPC 80 or other WPC'80 2180 m

high-value added products.

COMPONENTS | SWEET

* Based on WPC 60

Typical dairy and food applications for WPC

= As liquid products used for:

- Yoghurt, desserts and fermented dairy products
- Fresh cheese
- Skim milk replacer in ice cream
- Re-incorporated in cheese
- Nutritional milk drinks
= As powder product used for

- All above mentioned products
- Biscuits, crackers and snacks and confectionaries
- Dressings and sauces
- Protein fortified nutritional products
- Infant formulas
= Microparticulation of WPC for boosting functionalities

- For utilisation and improvement of functional
properties in above products

RO or NF concentration of sweet whey
and UF permeate

The pre-treated whey is pumped at a temperature
between 8 and 10°C from the storage tank to the
RO/NF system for concentration to the desired level
of solids (TS). As mentioned under the systems
description, the level of TS is assured by pre-setting
and automatic ratio control.

pH adjustment will be required at higher TS levels as
follows:

* RO/NF of whey at 8 to 10°C to higher TS than 18%

* RO/NF of UF permeate at 8 to 10°C to higher TS than
13%

The purpose of pH adjustment is to avoid calcium
phosphate precipitation leading to fouling and
capacity drop. Adjustment of the pH level to between
5.9 and 6.0 can be achieved in different types of
whey by dosing with various types of acids or CO,,.
Guidelines and recommendations as well as any
necessary additional equipment and automation are
available from SPX.

SWEET UF
WHEY PERMEATE*

** Including diafiltration water

Table 8: Example of composition of sweet and whey/permeate products
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Fig. 21: APV LeanCreme™ process - cheese manufacturing

Microparticulation - APV LeanCreme™
technology

A few years ago, SPX Flow Technology launched
the APV LeanCreme™ process, one of its most
successful solutions ever, to meet the increasing
demand from consumers for highly functional, low-
fat foods. The process is based on the APV Shear
Agglomerator (ASA), a groundbreaking technology
that combines heat denaturation of the protein
content with the formation of micro protein particles
under controlled high shear.

The synergy between heat and shear brings a new
functional dimension to whey protein concentrates.

The resulting product — named APV LeanCreme™
after the preparation process —has the same high
nutritional quality as whey protein concentrate
combined with an enhanced functionality. This makes
it the ideal starting ingredient for a wide range of
innovative and proprietary low fat recipes such as
low-fat cheeses, fermented milk products, desserts,
yogurt drinks, ice creams and spreads.

Whey proteins are also very healthy and a cheaper
protein source compared to casein. This makes
the combination of added value functionalities and
lower cost raw material in APV LeanCreme™ a very
attractive solution with a very short payback time of
well below one year.

- 4

Pre-treatments

Whey ¥

815 kg Permeate Ultrafiltration at 10°C

<+~

185 kg Retentate: WPC35

Possible storage at 6 to 8°C

Microparticulation

!

185 kg LeanCreme product

Fig. 22: APV LeanCreme™ process - dairy drinks manufacturing

Process features

The APV Shear Agglomerator (ASA) is a ground
breaking scraped surface heat exchanger designed
specifically to create the unique functionality of APV
LeanCreme™ microparticulated whey protein

= Single step microparticulation of whey proteins
with combined heating and shear in the ASA

= Precise control of degree of denaturation and
particle size distribution

= Up to 8 hours of running time before cleaning

* Low fouling

= High consistency and reproducibility

Process advantages

= Flexible process enabling the use of a wide variety
of types and grades of WPC from WPC 28 to 80,
including evaporated WPC

= Enables customisation of APV LeanCreme™
product for specific customer processes and
special cheese characteristics

= Very short pay-back time

* Unmatched numbers of industrial references

APV LeanCreme™ in cheese
manufacturing

= WPC 60 is recommended for cheese production
= APV LeanCream products can be used for EPC,
pressed, semi-hard and fresh cheeses

26
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Fig. 23: MP500 LeanCreme plant

= The customised APV LeanCreme™ product is

added to the cheese milk before pasteurisation
= Level of addition: 2 to 8% v/v APV LeanCreme™

product, depending on fat content in the cheese
* Impact on cheese making:

- Up to 85% microparticulated whey proteins

trapped in the cheese

- Increased yield

- Increased water-binding properties

- Enhanced cheese sensory properties

- Easy to cut and handle in prepress

- Meltability preserved

APV LeanCreme™ in dairy drinks
manufacturing

APV LeanCreme™ process description

Microparticulated whey proteins can be based on
sweet whey from cheese or lactic whey from cottage
cheese or other fermented products.

After pre-treatment the whey is concentrated in an UF

system to produce WPC. The WPC is then treated
by the APV LeanCreme™ microparticulation process
before being used in the manufacturing of any
drinking yogurts or flavoured milks.

Features and benefits of using
APV LeanCreme™ in drinks

WPC 35 is preferable for drink production.

The LeanCreme™ products can be used for

fermented drinks like yoghurt drinks, flavoured

neutral drinks like chocolate drinks and protein

boosted drinks.

Fermented drinks: The APV LeanCreme™ can

be added to the milk base to be fermented in

fermentation tank or later in the yoghurt process.

Flavoured milk drink: The APV LeanCreme™ can

be mixed with the milk base, flavour and stabiliser

or added later in the process.

Level of addition: up to 100% v/v APV

LeanCreme™ product with no off whey taste.

Impact on flavoured milk drinks:

- Colour and taste similar to flavoured drink based
on semi skimmed milk

- Excellent stability

- Higher nutritional value due to low fat content
and content of whey proteins

Impact on fermented drinks:

- Creamy with low viscosity

- Excellent stability

- Taste: Less acidic, round, mild, less dry
compared to skimmed milk based fermented
drink

- Higher nutritional value due to low fat content
and content of whey proteins

22001-03-06-2010-GB
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LeanCreme based on WPC35

[
LeanCreme based on WPC35

Optionally skimmed milk?

Optionally skimmed milk?
(or concentrated milk)

. Incubation in tank
(or concentrated milk)

Culture® (e.g. pro-biotics) Sugar, stabiliser and cacao®

Sugar, stabiliser and flavour Agitation

Cooling

Pre-heat treatment

Homogenisation

Homogenisation

Pasteurisation

Aseptic filling
Aseptic filling Chocolate drink
i based on Lean-
Creme and possible
Yoghurt drink Skimmed milk
based on Lean-
Creme and possible
skimmed milk
L ¥ \. )
Fig. 24: Example of application to fermented dairy drinks Fig. 25 Example of application to chocolate drinks
{0,
O PO < A RO = A
e prote 0.60 1.82 0.00 1.90 0.00
P 0.20 0.47 0.06 0.42 0.10
otal prote 0.80 2.29 0.06 2.32 0.10
ose 4.49 13.58 0.02 13.96 1.12
d 0.15 0.45 0.00 0.45 0.01
otal A 0.50 1.49 0.01 1.08 0.23
0.06 0.18 0.00 0.19 0.00
otal solid 6.00 18.00 0.10 18.00 0.46

Table 9: Example of composition of sweet whey and whey/permeate concentrates

28 22001-03-06-2010-GB



Fig. 26: APV SepStream RO and UF units

See Table 9 for a typical mass balance and volume
overview.

Saving transport cost with RO/NF
pre-concentration

Many smaller and medium sized cheese producers do
not take advantage of the high value of cheese whey
because of the relative high cost of transportation.
Thus it is often sold to farmers at a very low price that
does not even cover handling costs.

A cheese plant producing about 200,000 |/day of
whey needs to transport 8 truck loads/day and in
many cases this is not feasible over a longer distance.

An RO or NF system enables concentration of the
whey to 12 or 18% TS prior to transportation. At 18%
TS the volume is reduced to one third, amounting to
only three truck loads/day.

Table 10 shows the transport savings calculation. In
some cases it might be an advantage to concentrate
to 20% TS, although the high VCF means that the
energy cost is higher.

The following parameters determine the concentration
level for transport:

= The requirements of the user of the concentrated whey
= The number of full truckloads that can be saved

= The cost of concentration against the transport saving

Several major whey processing companies are
interested in buying pre-concentrated whey.

This not only reduces the transportation cost, but as
RO/NF concentration is far cheaper than evaporation
at the lower concentration degree, this turns out as

a win-win solution for both parties. Also due to the
lower volume, whey processors will have less waste
water to discharge, thus also resolving environmental

issues.

Smaller and medium sized producers can also use the
RO permeate as CIP water or polish it in the same
RO plant to produce high-quality process water.

An increasingly important benefit of pre-concentration
prior to transportation is the significant CO, reduction
and thus enhancement of the green profile of your
company.

Combined concentration and demineralisation by
using NF

NF membranes are more open than RO membranes,
allowing monovalent salts such as sodium,
potassium and chloride to pass through and
enabling a combination of concentration and partial
demineralisation typically to a level of approximately
35% degree of demineralisation.

Demineralised whey is particularly interesting in the
manufacture of infant formula as it lowers the cost

100 KM
TRANS-
PORT
€/DAY

TRANSPORT SAVINGS
BASED ON RO
INVESTMENT

Transport costs for non-
concentrated whey
(eight truckloads)

Transport costs for
concentrated whey
(three truckloads)

Transport cost savings

ROI in months

Table 10: Transport savings by RO/NF concentration as a function
of the transport distance based on 200m? whey (eight truckloads)
being concentrated to 67 m? (three truckloads)
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Fig. 27: Hybrid RO/NF system with RO membranes in the first loops and NF in the last loop, enabling lower-cost RO at high TS level, and
low demineralisation for specific products such as citric acid sweet mozzarella whey

of electro-dialysis or ion exchange processes for the
production of 95% demineralised powder.

Due to a lower feed pressure of 25 bar and a more
open membrane, the capacity and operational

cost favours NF rather than RO. However, the NF
permeate will have a high salt and organic content
compared to RO permeate. Table 11 contains
examples of both RO and NF mass balance.

Higher demineralisation (NF-HD) to a level of 50 to
55% degree of demineralisation can be obtained with
diafiltration.

Diafiltration is a process in which water is added

to the product (concentrate) during the membrane
filtration process at a higher concentration level. This
dilutes the concentrate in order to remove solutes

COMPONENTS | SKIM MPC MPC
IN % MILK 50 60

MILK UF

True protein
NPN

Total protein

PERMEATE**

Lactose

Lactic acid

Total Ash

Fat

Total solids

** UF milk permeate is the highest obtainable UF permeate quality
Can be used for protein standardisation of powder milk to 34%
TOP/SNF

Table 11: Example of RO and NF mass balance

(minerals) that can pass through the membrane and
thus obtain a higher degree of demineralisation.

Diafiltration can take place continuously in the NF
system by injecting water for example in loop 2 or 3
where a certain concentration has taken place and
at a pre-set ratio. Alternatively, diafiltration can take
place in a batch mode operation by adding water at
a certain concentration level in the feed/concentrate
tank.

NF-HD will be most feasible with higher capacity
scale NF systems and requires additional dosing and
control equipment, which are not part of the standard
APV SepStream System.

Hybrid RO/NF solutions

For high RO concentration at 20 to 25% TS a hybrid
RO/NF- HB solution with RO membranes in the

first loop(s) and NF membranes in the last loop is an
option for consideration in medium and high capacity
scale systems. This solution can be applied for
specific products for low demineralisation (NF-LD).

As NF membranes are more open compared to RO
membranes the flux rate is significantly higher for the
NF membranes which is an advantage in terms of

= Lower installed m? membrane area
= Lower power consumption and general operational costs

= Opportunity for low demineralisation of citric acid
Mozzarella whey, for example

Fig. 27 shows the Hybrid RO/NF- HB concept. The
NF permeate can be re-circulated back to the feed
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(" Sweet )

Whey VCF 5 VCF 3.3 VCF 7 Water
[ — |- )= ]
' WPC 35 " Lactose Conc. Minerals |

UF UF' RO RO RO-P RO-P
RETENTATE PERMEATE ETENTATE PERMEATE RETENTATE | PERMEATE

COMPOSITIONS

True protein (o0 | 2.81 0.01 0.03 0.00 0.00 0.00
NPN 0.20 0.36 0.19 0.46 0.06 0.26 0.03
Lactose 4.49 4.71 4.62 15.30 0.02 0.14 0.00
Acid B o5 0.16 0.19 0.62 0.00 0.00 0.00
Soluble ash 0.48 0.50 0.49 1.59 0.02 0.11 0.00
Non-soluble ash 0.02 0.05 0.00 0.00 0.00 0.00 0.00
Fat B oo 0.29 0.00 0.00 0.00 0.00 0.00
Total solids % 6.00 90 5.50 18.00 0.10 0.51 0.00
~COoD [ ppm | 230 23

Quantity 1,000 200 800 240 560 80 480
Water recovery % 85

—/

Fig. 28: UF for WPC 35, RO of the UF Permeate and RO Polishing of the RO Permeate

When using membrane filtration to process milk or
whey, a substantial amount of milk-based water (Cow
Water) is obtained in the form of RO or NF permeate .

tank. In this case the plant operates in a RO mode
with a RO outlet permeate stream as in a normal RO
system, but with an internal re-circulation loop for the

NF permeate. Thus Cow Water becomes a new, added value milk

component and can be reclaimed by RO polishing.
This adds a new dimension of value to the milk and
significantly cuts water and waste costs as well as
adding value to your green profile. See fig. 28.

Alternatively the plant can operate in RO/NF mode
with both an RO permeate outlet stream from the
RO loop and an NF permeate outlet stream. The NF-
LD operation mode enabled a low demineralisation

degree at a level of approximately 15%. The RO permeate from sweet whey or UF permeate

This conceptual solution could be used, for example,
for concentration of Mozzarella whey where the
cheese milk has been acidified with combined citric
acid and lactic starter cultures. This is because

the method will leave more minerals in the whey
compared to ordinary lactic acidification. Thus by
applying the NF-LD operation mode, citric acid sweet
Mozzarella whey can be concentrated to the same

or lower mineral content than ordinary sweet whey.
This mode could be used for any type of whey or UF
permeate, and the obvious advantage is increased
capacity and lower operational costs compared to an
ordinary RO process.

Your SPX membrane specialist can guide you in the
configuration of the best solution for your special
needs as well as advise you about RO Polishing of
RO permeate.

RO Polishing of RO permeate

will typically have a COD level of 170 to 200 ppm,
making it suitable for flushing of membrane plants and
general flushing. The final flush, however, should be
with fresh water.

The RO permeate can be polished by further RO
processing using the same RO system as is used for
whey concentration. This enables a reduction of the
COD level to <20 ppm.

This very high quality demineralised soft water might
be used as:
= Process water for cheese and other products

= Water for cheese cooling before brining and further brine
water

= Water to supply boilers or cooling towers
= Water to supply CIP systems including the final rinses

= Seal water on pumps

Downstream treatment could be necessary,
depending on the use of the water. This could be

22001-03-06-2010-GB
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Fig. 29: UF technology offers standardisation of the protein level with wide limits

pasteurisation or cold disinfection by electrolysis for
process water, and UV light or preservation by Oxonia
(H,0,) for other purposes.

Membrane milk processing and
applications

Protein has become the most valuable constituent of
bovine milk owing to its high nutritional quality and
unique physicochemical and functional properties,
which are exploited to manufacture a diverse range
of dairy products. The protein component of milk can
be manipulated at the production stage by interfering
with milk protein biosynthesis; or, more flexibly, by
post-production technological means.

Technological methods of protein adjustment include
ultrafiltration to separate milk into protein-rich and
protein-free streams, which can then be recombined
at different ratios, or the addition of various dried or
liquid milk-based ingredients such as lactose, milk
protein concentrates, whey protein concentrates,
whey protein isolates or whey protein fractions.

Tables 1 and 2 illustrate the many milk-based
applications for membrane filtration. In this section the
focus will be on separation and concentration of milk
and the opportunities offered by membrane filtration
for applications as well as for the resulting retentate
and permeate streams.

This will include a general overview of using
membrane filtration to add value to milk. The main
focus, however, will be on the options offered by
APV SepStream Systems to lower and medium scale
production units.

Milk solids or protein separation/concentration
comprise typically the following applications:

= UF Protein standardisation — direct standardisation at
low VCF (customised)

= UF protein separation/concentration for indirect
standardisation — MPC 50/60

= UF protein separation/concentration for high protein
MPC and MPI products

= UF protein separation/concentration for ‘UF cheese
types’

* RO concentration for transport savings

= RO pre-concentration prior to evaporation

= RO concentration for yoghurt and other dairy products

*= RO concentration for ice cream, chocolate and other
food/confectionary products

= RO concentration of UF milk permeate

= RO concentration of white water — The APV GoldStream
Process

= RO polishing for reuse of evaporator condensate and
NF/RO permeate

= NF concentration and demineralisation for yoghurt and

32
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Increased protein content for cheese milk

s

Retentate

( Batch standardisation by UF (VCF 1.25) in raw milk silo or milk storage tank

Raw milk
silo
or
pasteurised
milk

storage tank

UF milk permeate is the highest obtainable UF permeate quality
kCan be used for protein standardisation of powder milk to 34% TOP/SNF

Example: 100,000 | milk @ 3.40% TOP
standardised to 4.0% TOP

100 t milk *3.40 = 340.0 kPU
84.5 t milk *4.00 = 287.3 kPU
16.5 t milk *0.01 = 52.7 kPU

* kPU = kilo Protein Units

Permeate

Fig. 30: Batch protein standardisation

other special products

= NF concentration and demineralisation of UF milk
permeate

Pre-treatments of milk prior to membrane
filtration

= Pasteurisation: 72°C/15 sec. with maximum delta T in
heat exchanger: 2°C

= When pasteurising at temperatures above 75°C, a flux
decrease may be observed

= Inclusion of air must be avoided

= For raw milk a safety filtration in back filter systems is
required to ensure removal of impurities

UF Protein standardisation

The protein content of milk varies quite substantially

through the year. Fig. 29 shows a typical variation of
the protein content in raw milk delivered to European
dairies.

UF technology makes it possible to standardise the
protein content at a constant level all year round

at either a higher or lower level than the average,
depending on the product produced

Protein standardisation can be applied for a wide
range of dairy products, including:

= All kind of cheeses from fresh, soft, semi-hard to hard
cheese types

Milk drinks, yoghurt and fermented milk products

Condensed milk, skim milk and whole milk powder
products and ingredients

The benefits of protein standardisation include:

Increased nutritional uniformity of fluid milk products,
condensed milk and milk powder

More accurate valuation of the protein content of milk
and other dairy products by processors

Better control of product behaviour during thermal
processes such as evaporation

Improved consistency, texture, yield and nutritional quality
of cultured dairy products and cheese

Increased opportunities for new product development.

Direct UF protein standardisation

Conceptual possibilities for Protein standardisation
include:

Direct standardisation to the final Total protein content
(TOP), for example from 3.4 to 4.0

Indirect standardisation by making a retentate with, for
example, 6% TOP (MPC 60) and dosing to the final
product

Direct standardisation can take place in a batch mode
operation in the raw milk silo as shown in Fig. 30.

When the silo is filled, e.g. with 100,000 litres of milk,
the TOP is analysed in the laboratory. If the result is,

22001-03-06-2010-GB
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Fig. 31: UF plant and APV CompoMaster for inline protein standardisation

say, 3.4% and the target is 4.0% TOP, the amount
of permeate to be removed to obtain 4.0% TOP is
calculated and keyed in the automation system. The
UF system automatically stops concentration mode
when the pre-set volume of permeate has been
removed.

Alternatively, if a lower protein content than 3.4

is needed, the retentate will be removed and the
permeate returned to the milk silo. If preferred, a
continuous operation can easily be applied by leading
both the retentate and the permeate stream to
individual silos.

The UF system for direct protein standardisation can
also be linked to the milk separator and pasteuriser
line upstream from the separator. In all of these cases
the operation takes place at approximately 5°C and
the UF membranes used will be the so-called UF
pHt membranes, enabling a higher CIP temperature,
which is recommendable both for whole milk and
high-temperature skim milk operation.

The UF system might also be hooked up after the
separator for inline UF separation at 50°C. However,
as the milk has not been pasteurised, this method
risks the development of thermophilic bacteria in
longer runs.

Finally, direct protein standardisation could take place
as an inline process downstream from the pasteuriser
to the storage tank at 5°C. This method is suitable
only if the milk is further pasteurised or thermally
treated.
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In a continuous inline process, protein standardisation
could be combined with fat standardisation using the
APV CompoMaster as well as an inline analyser such
as the ProcessScan to control the protein and fat
content (see Fig. 31).

Indirect UF protein standardisation

Fig. 32 shows an example of preparing a retentate or
milk protein concentrate for indirect standardisation.
This concept is very flexible as a pre-calculated
volume of MPC is made for one day's standardisation
of all relevant products. The basis for MPC is
pasteurised skim milk. The same membrane can be
used as for WPC concentration, which makes this
solution most favourable for smaller and medium scale
productions, using the APV SepStream UF System.

More information will follow about MPC and MPI
grade products, which are of major interest for larger
scale production.

Benefits of protein standardisation for
various dairy products

* In cheese making

- Higher protein > Less rennet consumption and more
curd from cheese vat

- Increased yield > Lower fines and fat loss

- Constant protein > Better control of the cheese
process and constant quantity of curd from cheese
vats

22001-03-06-2010-GB



= Continuous concentration by UF (VCF 2-3)

= For indirect standardisation of cheese milk, yoghurt, desserts, fermented milk products and nutritional

drinks

Example: 50,000 | milk @ 3.40% TOP
standardised to 6.0% TOP

50 t milk *3.40 = 170.0 kPU
34 t MPC60 *6.00 = 115.6 kPU
16 t permeate *0.02 = 54.4 kPU

*kPU = kilo Protein Units

Pasteurise
skim-milk

storage tan

Retentate
etentat:
| MPC
50/60
UF .
ermeat

UF milk permeate is the highest obtainable UF permeate quality
Can be used for protein standardisation of powder milk to 34% TOP/SNF

Fig. 32: UF protein concentration/standardisation

- Constant recipe or process parameter all the year
around > Constant quality

- Reduced acid whey (30 to 40%) from Quark
production by post standardisation to 4.2 to 4.6%
TOP prior to high heat treatment of the milk

* In market milk/fresh milk products

- Higher protein > Enables calcium-enriched milk and
protein boosted milk drinks

- Lower protein > Improved economy in milk production
(Special milk drinks)

- Yoghurt and dessert > Control of consistency and
quality

- New innovative milk drinks and nutritional products

* In milk powder products

- Constant protein content > Constant powder/
ingredients quality

- Lower protein content (34% TOP/SNF according to
EU Directive 2007/61/EC) > Significant financial
benefit

- Higher protein powder ingredients like MPC 50/80 or
tailored milk protein ingredients

22001-03-06-2010-GB

Milk Protein concentrate

Milk protein concentrate (MPC) is skim milk that has
been concentrated by UF to retain most of the protein
(casein and whey proteins) while removing much of
the water and some of the lactose, ash and other
solids.

Milk protein powders vary in protein content from
40% to 92%. Product with less than 88% protein is
called milk protein concentrate. Product with 88% or
higher protein content is called milk protein isolate.
Manufacturers generally label milk protein as a
concentrate (MPC) or isolate (MPI).

MPC is used in a wide range of foods including ice
cream, nutrition bars, processed cheese products and
baked goods. Like SMP (skimmed milk products),
MPC is used as a source of dairy protein in prepared
foods because its bland flavour allows other flavours
to develop fully. It adds opacity to reduced-fat

food formulations; its functional properties include
improved viscosity, mouthfeel, emulsification, water
binding and a favourable nutritional profile.
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Standardisation

Pasteurisation
75 to 78°C, 15 sec.
|

Ultra-filtration 50°C UF permeate

Possibly cooling

UF retentate === and storage
Pasteurisation
78°C, 15 to 30 sec. i
! 2
Cooling 34°C Pasteurisation/
cooling
| }
Packing ) |
Dosing tank

I
Cold storage

Permeate

Queso fresco

N /

Fig. 33: Queso Fresco production by UF

= Fresh cultured cheeses like Quark, Cream Cheese, Skyr,
Tvorog, Fromage Frais, Petite Suisse and also Labneh
and Greek style yoghurt

Lower level MPC types like MPC 50/60 are often
used in house for protein standardisation of cheese,
yoghurt and fermented products etc. or sold for other

dairies or food manufacturers to replace skim milk For all these cheeses the milk is pre-standardised
powders. with fat and concentrated to its final total solids

) . and fat level. Due to the fact that the whey protein
UF permeate from MPC products is very attractive is retained in the cheese, there is a very high return

as it is native — the only type of permeate allowed for on investment compared to conventional processes
protein standardisation of milk powder according to because of the very high yield.

the EU Directive 2007/61/EC.

The pre-engineered APV SepStream skids are not
Cheeses using UF technology specifically designed to produce the high level TS
for Feta, neither are they designed directly for fresh
cultured cheeses, which are based on acidified milk
or cream. However, APV SepStream UF systems
can be used for Queso Fresco types using UF pHt
membranes and by configuring the right spacer size.

UF technology has been used very successfully over
the last three decades for production of various types
of cheeses including:

= Feta and Domiati, also called white cheeses

Fig. 33 shows the UF production method for Queso
Fresco types such as Queso Burgos, and Queso
Quesillo.

= Queso Fresco types cheeses
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RO and NF of milk and milk permeate.

RO of milk is used to save transport costs of milk

for powder or cheese production. It is also used

for market milk, in which case the concentrated

milk is recombined with water to reach the normal
composition. RO is also used for concentration of milk
for products like yoghurt, ice cream and chocolates.

NF is more rarely used for milk, but in some cases it
is used for yoghurt, and infant formula as well as for
nutritionals with lower and undesirable monovalent
minerals: Na, K and CI.

Combining membrane processing such as UF, RO
and NF enables production of protein, calcium
fortified nutritional milk drinks, low carbohydrate
products including lactose-free milk drinks, and for
non-sweet products in combination with enzymatic
treatment in which lactose is broken down by lactase.

Both RO and NF are also used for concentration of
UF permeate. One example is for savings of UF milk
permeate transport costs to powder processors for:

= Protein standardisation of milk for milk concentrate or
powder
= Permeate powder products

= Lactose production of various grades

= Other direct use in the food and confectionary or biotech
industry

Yoghurt using membrane filtration

As the protein in the milk varies through the year

it is necessary to regulate the protein to ensure a
satisfactory viscosity and consistency, and to avoid
whey separation in yoghurt.

UF, RO or NF separation/concentration can be used
as an alternative to adding milk powder, evaporation
and/or adding food stabiliser. This also enables the
production of high-protein and nutritional yoghurt or
fermented products. See Fig. 34.

Advantages of Ultrafiltration

= Removing of minerals and lactose will improve the flavour
of the final products

= Removal of minerals and lactose will improve coagulation
and the texture of the final product

= Removal of lactose reduces the content of lactose and
by that the energy of the product — fewer calories

= The by-product from UF is a “high” valuable virgin
permeate

22001-03-06-2010-GB
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UF- WPC 35/60 Milk

UF- MPC50/60

RO/NF
Concentrate

“LeanCreme
Neutral 35/60

LeanCreme
Lactic 35/60

Stirred Yoghurt or drinks
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Fig. 34: Yoghurt procss using WPC, MPC or LeanCreme

Advantages of reverse osmosis, RO

* No UF permeate by-product

* The RO Permeate can be used as flush water

Advantages of Nanofiltration

= Able to produce "low-sodium” fermented milk products
(baby and infant food fermented products)

= Reduction of the Na and K to Ca will improve
coagulation and final structure of the cultured products.

= Reduction of Na, K and CI will improve the flavour of the
final products

RO white water recovery - GoldStream

The dairy industry is very focused on cost-effective
and sustainable solutions to minimise waste and
maximise utilisation of all process product streams.
These include recovery of all milk components, and
reclaiming and recycling water streams (see Fig. 35).

The key operational drivers for many businesses

are usually based on cost/benefit considerations.
However, demonstrating a “green profile” will be very
important in the future. With a very short payback time
along with full recovery of milk components and water
stream, the APV GoldStream process combines both
financial savings with waste elimination.
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The APV GoldStream solution

The APV GoldStream process is a sustainable
solution for recovery of milk and water. It is an
environmentally friendly technology enabling

effective processing of the collected white water by
concentrating the milk back to its original composition
or higher, depending on the use of the recovered milk.

The APV GoldStream process is a hygienic dairy
process based on proven reverse osmosis (RO)
technology that enables use of the recovered milk for
cheese, yoghurt, ice cream and flavoured milk, but not
for natural milk drink.

APV has developed skidded APV GoldStream RO
Systems for Plug and Play operation and you can find
more detailed information in a separate white paper
about the APV GoldStream Systems.

However you can use the same APV SepStream

RO system as is used for whey and permeate
concentration. The RO permeate can be polished by
further RO processing using the same RO system as
for whey concentration and white water recovery. The
application of the high quality ‘cow water’ (permeate)
is described in the section: RO polishing of RO
permeate. See Fig. 35.

Utilisation of UF Permeate

The quality of UF permeate depends on its origin:
= Skim milk/Whole Milk > Excellent quality (milk permeate)
= Sweet Whey > High quality whey permeate

= Lactic acid whey, for example from cottage cheese and
traditional Tvorog > Excellent quality

= H,SO, or HCI Casein Whey > Good quality (high
solubility)

= Whey from Acid Curd (Thermo Quarg) > Low quality
due to low true protein and high NPN

= UF Permeate from 'ldeal whey’ (protein fractionation) >
Excellent quality

Since permeate is not a well recognised term in the
food industry, it can be labelled in many different ways
such as: Deproteinised whey, dairy product solids,
modified whey, reduced protein whey, or permeate.

Several years ago, whey was a by-product that
needed a higher value application than land spreading
or animal feed. Now, permeate has taken on that

role. Many companies sell their permeate for animal
feed, which has turned out to be a good large-volume
outlet. The focus here, however, will be on food uses
as these are considered to be a higher value target.

A look back over the history of whey utilisation can
provide an insight into how permeate can be used
in food applications. Comparing the composition

of whey and permeate will trigger some ideas on
potential uses for permeate. Most of the whey sold
today is dry sweet whey with a composition of about
129% protein, 73% lactose, 1% fat, 4% moisture,
and 8.5% ash. Most of the permeate sold today is
produced from sweet whey and has a composition
of about 4% protein, 75% lactose, 0.5% fat, 4%
moisture, and 8.5% ash.

The main difference between the two ingredients is
the amount of protein. Permeate contains primarily
non-protein nitrogen compounds like urea, creatine,
creatinine, uric acid, orotic acid, and ammonia.

Commercial products will label this non-protein
nitrogen as true protein.

Functionally, these nitrogen compounds do

not behave like the whey proteins found in dry
sweet whey. For example, whey proteins have
multiple functionalities such as foaming, gelation,
emulsification, water-binding, and high solubility.

Permeate will not provide the same level of
functionality as sweet whey. However, the similarities
in composition are hard to ignore. Historically the
dairy industry has been very good at cannibalising
its own ingredients. It is no accident that the first
commercial whey protein concentrates contained
35% protein (WPC35), the same level found in skim
milk. WPC35 instantly became a skim milk replacer.

It is not surprising that some companies today are
marketing their permeate as a whey replacer. Knowing
that the functionality of the protein will not be the
same between whey and permeate, it is important to
take a look at the remaining components to give some
insight on what permeate could provide to a food
application.

Lactose dictates functionality

Since 75% of permeate is lactose, the functionality of
permeate is really dictated by the lactose content. The
ash level is similar to that of whey, so flavour issues

COMPONENTS FEED
IN

RETENTATE = PERMEATE
WHITE

% WATER MILK WATER

True protein

Lactose

Total Ash

Total solids

Table 12: Example of composition of white water and the milk and
water streams
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Fig. 35: APV GoldStream System and RO polishing as a batch RO process

such as saltiness will not occur at typical use levels
for whey. The ash contains calcium, phosphorus,
and other valuable minerals, which will contribute

to the overall mineral profile of a food product. Fat
content in permeate is very low so there is no added
functionality from the fat.

Use permeate where lactose or whey are used

Technically speaking, one could use permeate in many
applications where lactose or whey are used. A reality
of the food industry is that cost is the most important
factor when determining ingredient use. The more
functionality a food manufacturer can get for the same
cost or equivalent cost, the better.

Some companies list the potential uses of permeate
in their promotional literature. “Whey and lactose
replacer” is commonly listed, along with bakery
products, dry mixes, snack foods, and milk replacer.

A look at the 2003 ADPI Utilisation and Production
Trends report notes that food uses of lactose include
infant formulas, confectionery industry, nutraceuticals,
pharmaceuticals, special dietary use, prepared mixes,
dairy industry, baking industry, and chemicals. Over
65% of the lactose is used for infant formula and
confections. ADPI also lists the food uses for whey.

They include dry blends and prepared mixes, the
baking industry, the confectionery industry, margarine
manufacturers, nutraceuticals, pharmaceuticals,
special dietary uses, soup manufacturers, institutional
uses, and all others.

22001-03-06-2010-GB

The dairy industry uses 39% of the whey, 20% is
used on dry blends and prepared dry mixes and 15%
is used by the baking industry. If you put these two
lists together, there are many potential food uses for
permeate. Breaking some of these categories down,
and discussing specific products and what permeate
could provide in terms of functionality or benefits,
might trigger some new ideas for those who make
permeate and those who are thinking about using it.

Most of the applications listed benefit from the
following characteristics of lactose: contributes to
browning, is a crystallisable sugar, is less sweet than
sucrose, absorbs volatile flavour compounds, attracts
and absorbs synthetic and natural pigments, and

has a low affinity for moisture. In the dairy product
area, applications such as dips, process cheese
food, cheese sauces, and ice cream could include
permeate. As long as usage falls within the standards
of identity for the dairy product, permeate can be a
good source of solids.

Baked products like breads, crackers, cookies,
snacks, and sweet goods will benefit from the
browning contributed by permeate. Browning not
only enhances appearance, but also adds pleasant
caramelised flavours. Retaining moisture is also an
added benefit in baked products. Icings, coatings,
and non-chocolate candies can use permeate

to reduce sweetness, while providing important
crystallisation characteristics. Dry mixes are another
product category that could benefit from permeate.
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In addition, seasoning mixes for meals and sauces,
macaroni and cheese mixes, and seasoning blends for
salty snacks could use permeate to help deliver the
flavours while providing a clean dairy flavour for these
savory applications.

In summary the most common application for UF
permeate:

= Protein standardisation (milk based permeate) of milk for
powders

= Milk for special drinks

= Non-protein soft drinks

= Lactose, edible, refined edible and pharmaceutical grade
* Infant food formulas

= Bakery products and confectionaries

= Neutra- and pharmaceutical products

= All applications where whey products can be used

* Permeate powder

= Animal feed possibly mixed with fat/soya proteins

= Hydrolysis, milk acid, lactulose, ethanol and biogas

E'ﬂ__-.-_
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Fig. 36: APV Pilot Plant

SPX Flow Technology can help you

Before investing in a Membrane solution you might
want to do some test to verify the expected result

The SPX Innovation Centre in Silkeborg, Denmark,
offers state-of-the-art plant equipment enabling you
to conduct trials based on pilot membrane systems
and other relevant pilot equipment.

SPX also offers rentals of membrane Pilot Plants for
testing on your own premises based on your own raw
materials and products. In addition, SPX also offers
the services of experienced technologists to assist

in testing, train your operators, and offer additional
advice and guidance in connection with your specific
applications.

SPX also offers consultancy services to help and
guide customers in the selection and configuration
of solutions for better utilisation of raw materials and
by-products by producing value-added products
and solutions based on membrane technology and
microparticulation. This can also include treatment
and utilisation of the water streams through RO
Polishing of the RO/NF permeate streams.

C mr
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Conclusion

The APV SepStream family of tried and tested
Membrane Systems offers attractive opportunities
for smaller and medium scale production units with
a high degree of flexibility to produce or treat various
products on the same systems. However the APV
SepStream Systems also offers attractive cost-
effective and value-adding solutions for some larger
scale applications such as protein standardisation at
lower levels of concentration.

APV SepStream Systems are based on highly
standardised, pre-engineered and self-contained
skidded Reverse Osmosis (RO), Nanofiltration
filtration (NF) and Ultrafiltration (UF) systems for
multiple application flexibility. The systems are
available in four different sizes/capacities for UF, and
four systems for RO or NF membrane Filtration

The skidded systems are based on proven
components, membranes and control instruments and
uncompromising quality such as stainless steel in AlSI
316 and the highest hygienic standards.

RO processes are based on a very dense membrane,
rejecting virtually all soluble substances except water.

NF processes are a special version of RO allowing
for partial demineralisation. In UF processes, the
membrane is more open in structure and typically
used for protein concentration allowing salts, lactose
and organic acids to pass the membrane while fat is
retained.

The APV SepStream Membrane Filtration Systems
are innovative, cost effective and eco-friendly
separation solutions for a wide range of applications
in the dairy industry, especially in cheese plants,
market milk and fresh dairy product plants, and milk
and whey powder plants.
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RO applications
= Concentration of whey and milk for internal use or for
transport savings

= Concentration of UF permeate for internal use or for
transport savings

= Recovery of white water

= Polishing of RO or NF permeate

NF applications
= Concentration and demineralisation of whey and milk for
internal use or for transport savings

= Concentration and demineralisation of UF permeate for
internal use or for transport savings

UF applications
= Concentration of whey proteins for WPC 35 or WPC 60

* Protein standardisation of cheese milk, milk drinks or
powder milk

= Milk protein concentration (MPC) for yoghurt, desserts,
milk drinks, cheese and powder

Features and benefits of APV SepStream
Systems

= Skidded self-contained systems for Plug and Produce

= Pre-engineered, standard and cost /value attractive
systems

= Multi-flexibly application solutions

= Tried and tested performance

= Uncompromised system quality and process reliability
= Hygienic dairy processing standard

* Reduce water and waste treatment costs

= Support your environmental image

= First class local SPX technology and service support

In addition SPX Flow Technology offers excellent
service for pilot plant testing and application solution
guidance to help customers maximise utilisation of
raw materials and benefit from value-added products
and environmental solution to strengthen their green
profile on top of the significant financial benefits
offered by APV SepStream membrane solutions can
bring you.
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WHERE IDEAS MEET INDUSTRY

Your local contact:

SPX Flow Technology

Pasteursve;

DK-8600 Silkeborg, Denmark

Phone: +45 70 278 278 Fax: +45 70 278 330
www.apv.com

www.spxft.com

For more information about our worldwide locations, approvals, certifications, and local representatives, please visit www.apv.com.
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