























By Jens Thousig Mgller

A spray drying plant for Kaolin in the U.S.




Infant formula: a vital alternative

One of Niro’s biggest markets is the delivery of drying plants
for the production of infant formula. We have delivered plants
to all of the world’s biggest infant formula manufacturers.

Infant formula plant in the East.




By Vagn Westergaard

For those who have never tried it, it looks so easy — this
thing with babies and nursing. In books and movies it’s
often portrayed as though the woman just puts the baby to
the breast, and then everything else happens naturally. But
it’s not always that easy. The woman may lack milk, the
child may be allergic to the breast milk, or a busy life can
make it impossible for the mother always to be physically
available to nurse her child.

That's why it’s always been necessary to find alternatives
that could give infants vital nourishment if their mother was
not able to produce milk herself or had died in childbirth.
During the 19th century, scientists started experimenting
with production of infant formula. Today, the production and
marketing of infant formula is dominated by multinational
companies such as Nestlé, Wyeth, Abbott and Nutricia. They
all use Niro as their supplier of equipment to manufacture
the finished powder.

Manufacturing infant formula

The raw material used is mixed in big tanks to get a compo-
sition of the final product that is as close to breast milk as
possible. Based on regular milk, many different ingredients
are added, such as vitamins, essential amino acids, special
oils, extra sugar and different proteins, either in liquid or
powder form.

After mixing, the product is heat-treated to ensure a low
content of bacteria before it is homogenized, evaporated
and dried.

To design and manufacture an entire process line, Niro works
with many of our sister companies in GEA’s Processing Divi-
sion. Our strength is that we listen to customers concerning
how and in what order they want the different raw materials
mixed. No two infant formulas are exactly the same. When
it comes to evaporation and drying, customers listen to Niro
because our technology is world-leading. The most important
thing for the baby is that it gets the right amount of nutrition,
and that the formula is soluble in water without generating
lumps in the bottom of the baby’s bottle or leaving small,
undissolved particles that block up the holes in the nipple.

As the amount of nutrition in the powder is stated in grams
but often measured with a measuring cup, it is important
that the density of the powder is adjustable in the drying
process so that it is always the same. >



Great emphasis on hygiene

Niro places great emphasis on delivering plants with a high
hygienic standard, which is vital for babies. Bacteria and
contamination control is in focus, and the spray drying
plants live up to stringent health and safety requirements.
The density is primarily regulated by sending all the small
particles formed during the drying process back through
the process, so that they are pasted together with the larger
particles in order to form an agglomerate. But since agglo-
merates are the main cause of undissolved particles, Niro
has to master the agglomeration process. That Niro has
done so is demonstrated by the fact that Niro has about 8o
percent of the world market for sales of plants for formula
production.

About infant formula
Infant formula makes up 45 percent of the market for
food for babies.
The biggest markets for infant formula are India, China
and the Far East.
It is expected that in 2010, Asia will make up half of the
global market for infant formula. _
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Evaporator for milk.




By Vagn Westergaard and Thorvald Ullum

Practical problem cracker

The amazing tool Computational
Fluid Dynamics (CFD) has saved

time, money and headaches for both

Niro and our customers.

For a number of years, a customer in Asia had lived with a
problem that seemed almost impossible to solve. They had
bought a Niro spray drying plant for the manufacture of infant
formula, but there was the problem that wet product stuck
to the walls of the chamber. This meant the loss of a great
deal of the product, a needless waste of time and an in-
creased risk of fire in the chamber.

The employees at Niro in charge of the plant discussed what
could be done. One solution could be to carry out experiments
on this plant to find a possible solution to the problem. This
would have been incredibly expensive and time-consuming
and very annoying for the customer. Instead they chose to
use Computational Fluid Dynamics (CFD). CED gives the user
the opportunity to test possible solutions faster and more
inexpensively by means of a computer instead of real, physical
tests. CFD simulations are carried out at Niro by CFD special-
ists, and the results are evaluated with process technologists
who have extensive practical experience.

With the help of CFD, the problem with the infant formula
plant was solved with great success. A process technologist and
a CFD specialist worked together closely on the remodeling of
the plant, which translated into a financial gain for the cus-
tomer of approximately DKK 3 million a year. In addition,
solving the case has had great significance for the relationship
between the customer and Niro.

With CED it is possible to study the flow of liquids and gasses.
A mathematical model consisting of several million very com-
plex equations is built, which describes the physical system
one wants to study. When the model is complete and imple-
mented, the computer is able to predict the movement of
liquids and gasses, transport of heat and mass, loss of pressure,
particle movement and drying.

With CFD it is therefore possible to build a virtual model of
a system and expose it to realistic physics and chemistry.
The credibility of the model’s predictions is strongly depend-
ent upon the input of the user as well as powerful computers
for calculation, which is why Niro uses many resources on
validating and developing the whole CFD environment.
Among other things, Niro has developed an experimental
method to determine the matter-specific drying velocities
that are part of the CFD simulations of a spray drying chamber.

Outside of Niro, CFD is used within many different areas such
as meteorology, optimization of ship, airplane and car design,
as well as within the whole chemical and process technology
industry etc. Today, 3-4 Niro employees work with CFD full
time. CFD is extensively used for problem-solving and design
optimization in almost all of Niro’s components. The results
are so reliable that Niro can design plants that are smaller
and more efficient than before — a significant step in the effort
to remain out front and competitive. _]



How Niro stacks up in the environment

The Studstrup plant — one of two Danish -
power plants using Niro SDA technology. = %'

; m o




By Niels Jacobsen

Flue gas cleaning is not a traditional business area for
Niro, but being different doesn’t preclude success.

A request from the Fiat factories in Torino for a plant that
could remove sulphur compounds, SO2, from the flue gas
emitted by a coal-fired power station in 1975 was the start of

one of Niro’s most extraordinary adventures.

New national and international requirements to reduce air-
borne pollution had resulted in power plants, among others,
having to reduce their sulphur discharge. As a consequence
of Fiat’s request, Niro looked into the possibility of using a
traditional Niro spray dryer as a combined drying and ab-
sorption chamber. The idea was to use the hot flue gas in a
spray dryer to dry a slurry of lime, which would also neutral-
ize the acidic sulphur compounds in the flue gas. It worked
and Niro’s Spray Drying Absorption (SDA) process was born.

Since Niro saw significant market potential in flue gas
cleaning, a large development project was started which,
among other things, involved a pilot plant being placed at
a power station in Fergus Falls in the U.S. Niro employees

from all over the world staffed the pilot plant, which soon
produced large amounts of data. At the same time, develop-
ment work continued in Denmark, and the application was
expanded to also include being able to clean flue gas from
waste incineration plants. The big breakthrough came in
1978, with the first commercial order of an SDA plant for an
American power station, Antelope Valley.

A flue gas cleaning plant of this magnitude meant that the
spray dryers were much bigger than those Niro had ever
built. Handling the large amount of flue gas required four
Spray Drying Absorbers, plus one in reserve — each 14 meters
in diameter. To ensure that this first plant became a success,
the decision was made to build a pilot plant with a 14-meter-
large absorber in Minneapolis, Minnesota in the U.S. The
plant was built as quickly as possible, and just before Christ-
mas in 1980, flue gas was desulphurized for the first time
with a full-scale industrial Niro SDA plant. >



An adventure with a future

After this the orders came in a steady flow from both
Germany and the U.S., and Niro built large organizations in
both the U.S. and Denmark to handle the extensive flue gas
orders. In 1986 the business strategy in the area was changed
drastically; instead of being the supplier of complete flue
gas cleaning plants, Niro took one step back and entered
into license agreements instead, so that other companies
would now build Niro SDA plants. Niro maintained the role
as technical, sales and marketing advisor. The flue gas group
shrunk to a handful of employees, but the prospect of new
markets in China, among others, resulted in more resources
being provided, and the flue gas group successfully entered
the Chinese, Korean and South American markets.

The process and the plant components involved have been
refined and the capacity increased over the years. Thus it is
almost possible to obtain the same capacity as in Antelope
Valley with one Spray Dryer Absorber with a diameter of
over 20 meters, compared to the original 14 meters. The
biggest atomizers are the F-1000, which can handle roughly
120 tons of lime slurry per hour. Process improvements mean
that today it is possible to clean the fluid gas almost 100%.

Smoke and Muck, as the flue gas area has been called,

can be compared to the ugly duckling in Hans Christian
Andersen’s fairy tale. We don't really fit into Niro’s normal
business areas, nor do we run the business the same way —
but when we look at our reflection on Niro’s bottom line,
the view is pretty good. _1
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A view from the top floor of a spray absorption plant (14 meters in diameter) in
the Czech Republic. A reserve plant F 800 is ready for replacement, at the top
right of the picture.




The power plant Antelope Valley in the U.S.,
from where Niro got its first order for an SDA plant in 1978.




The coffee chronicle

Around the world, more than a trillion cups of cotfee are
consumed every year. But how many people really know
the story behind the popular drink?

The word coffee gives many impressions and associations.
A literature critic would probably think of Karen Blixen'’s
biographical novel Out of Africa, which has a coffee plantation
as the setting for her tragic love story. A farmer would perhaps
look at it as a very demanding and troublesome bush with a
relatively expensive crop. And a Niro engineer would probably
immediately think of big, rust-free production plants, in
which one can turn green coffee beans into instant coffee.
But what is coffee really? Coffee is a bush that originally
grew in the highlands of the Horn of Africa and the Arabic
peninsula. The coffee bush bears fruit (berries), each of
which contains two stones or beans (normally called green
beans). As the berries often are picked by very simple means,
and the handling thereafter (where the flesh is removed from
the green beans) often is very rough, the result is broken beans,
which cannot be sold as grade A quality. These beans usually
aren’t bad as far as taste goes, so instead of using the beans
as fuel, there’s the possibility of using them and increasing
their value by producing instant coffee. In this way, coffee
farmers also get the full benefit of their crop.
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Coffee during the war

Instant coffee has been known since 1909, but it wasn’t until
the 1940s, during World War 1II, that larger amounts of instant
coffee were produced and supplied to the American and
English troops. Instant coffee was manufactured with very
doubtful profitability and quality (both taste and appearance
could have been much better), but it served the purpose of
soldiers being able to get coffee quickly, and it didn't take a
lot of effort to make coffee on the front line.

The first real industrial spray drying plant for the production
of instant coffee of reasonable quality was built in the years
1950-1952. Niro was at the forefront and among the pioneers
in Brazil. In 1947, Niro was able to offer and design industrial
plants and matching pilot tests with extraction and spray
drying for the first time. The first big boom in deliveries of
extraction and spray drying plants came in the 1960s. In
1965, the first freeze-drying plants also were delivered, and
the former Atlas freeze-drying division (which today is a
completely integrated part of Niro), was the frontrunner. >



By Sten Warburg




FSD™ from the coffee factory HACO in Switzerland.

Niro freeze drying plant Atlas, type CONRAD™.




How do you make instant coffee?

But then how do you make instant coffee? Roughly speaking,
the production of instant coffee starts the same way as at
home in the kitchen. One grinds the roasted coffee beans
and lets boiling water seep through them. Then the percolated
water is dried out of the liquid coffee (the extract), and now
one has instant coffee. Between the extraction step and the
drying step another step can be inserted, where the aromatic
content is optimized and the extract concentrated. The ex-
traction, the evaporation and the drying of coffee in a Niro
plant is today executed in such a way that the quality is on
the same level as freshly brewed coffee from newly roasted
beans. Any differences in taste between instant coffee and
fresh coffee are therefore today more a question of choice of
beans and the desire for profit, which all comes down to the
question of how much we want to pay for the product. Since
1947, where the first small steps were taken towards extraction
and spray drying of coffee, Niro has constantly sought to
improve the spray drying process, and today Niro is the

world’s leading supplier of equipment for instant coffee plants.

Through purchases, working with knowledge databases and
development, Niro today is able to offer complete turnkey
coffee plants for freeze-dried, spray dried and agglomerated
instant coffee — plants covering everything from reception
of the green beans through the production of instant coffee,
packed in glass and palletized, ready for shipment. Why have
instant coffee at all today? Because it is easy and convenient
to make a quick cup, it is easy to use in coffee machines
(there are no coffee grounds to dispose of), the shelf-life is
long, and it weighs and takes up very little space compared
to coffee beans.

Cool coffee facts

+ There are three main types of coffee: Arabica, Robusta
and Liberica.

+ Arabica and Robusta make up about 98 percent of the
coffee sold.

+ The total world production of coffee beans varies from
year to year; it is between 6.5-7 million tons per year,
which corresponds to more than one trillion cups of coffee.

+  Approximately 20 percent of the total coffee production
is used to produce instant coffee.

+ Niro has delivered more than 180 coffee production
plants all over the world. ~]

The top part of a coffee extractor.



Plastic is used everywhere

Niro delivers drying plants for polymers, which are used
in plastic toys, packaging and construction materials.

CONTACT FLUIDIZER™ for drying of the polymer HDPE in Poland.




NOZZLE TOWER™ spray dryer for production
of the polymer Polyacrylonitrile in
the Netherlands.

By Henrik Bender Mortensen and Claus Lemb

When the kids play with balls or LEGO® blocks, Niro has
probably been in the game. And when Dad plays handyman
and uses electrical cables or puts up gutters, or Mom wipes
down the deck chairs, Niro might also have been part of the
process. LEGO® blocks, electric cables, gutters and plastic
garden furniture consist of polymers, which can have been
dried in a Niro plant.

There are many different polymers. Polymers are used in
the fashion industry for shoes and belts, in kitchenware such
as ladles and mixing bowls, as well as in packaging and white
glue. Already in the early 1950s, Niro started selling spray
drying plants to the part of the PVC business that produces
soft toys and electrical cables, among other things. Good
connections helped Niro get orders for a number of plants,
and in the early 1960s Niro developed flash and fluid bed
drying plants for a type of PVC used among other things for
gutters and garden furniture.

In the early 1970s the market changed, so that the type of
PVC used in soft toys and cable insulation became by far
the biggest part of the market. At that time Niro had sold a
number of flash fluid bed plants and about 100 spray drying
plants. The focus was switched, and since then Niro has sold
roughly 200 flash and fluid bed plants and more than 100
spray drying plants.

The first PVC plant was able to produce four tons of product
per hour, while the plants that Niro delivers today are able
to produce more than 40 tons of product per hour. During
the 1980s and ‘9os, the polymer market ran out of steam.
But since 1998, Niro has sold more than 70 drying plants for
the production of polymers, of which many large ones are
sold especially to the Chinese market.



Niro strikes while the iron is hot

Niro has created a unique position for itself as the leading supplier
of spray drying plants for the production of hard metal powders.

Niro has always had many irons in the fire — also when it
comes to the spray drying of hard metals, which are used
within the mining and tooling industries. When a smith
stands at the lathe to work metal into tools, for example, he
uses a cutting flat. The cutting flat is a tool that is used in a
lathe to work on the metal object one wants to shape into
another defined form. Hard metals are characterized by having
great strength and hardness and are very suitable for making
cutting flats for shaping metal and for mining equipment.

Cutting flats and tools of hard metal are typically processed
by pressing the hard metal powder into the desired object.
The particle size of the hard metal powder being pressed
greatly influences the physical qualities one can obtain. A
fine hard metal powder typically has greater hardness and
resistance against wear in the finished cutting flat. Niro’s
spray drying plants have proven especially suitable for obtain-
ing a well-defined particle size of the hard metal powder.

A unique position in the hard metal market

Today Niro has a unique position within the spray drying of
hard metals, and during the last 40 years has delivered more
than 120 spray drying plants for hard metals. The hard metal,
cobalt and binding material are initially ground in a liquid
for many hours until the right particle size is obtained.
Then the mixture, called the hard metal feed, is dried in the
spray drying plant. Hard metals are also used for the coating
of metals, which thereby achieve greater mechanical strength.
This means that the metal on a drill or saw, for example, can
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be coated with a thin layer of hard metal, which gives it a
very strong surface and thereby makes it more resistant to
wear and tear.

The use of hard metals is growing steadily. In 1930, the world’s
total use of hard metals was 10 tons per year —1,000 tons a
year at the beginning of the 1940s, and 10,000 tons a year at
the beginning of the 1960s. Today approximately 50,000
tons of hard metals are produced per year. Hard metals are
so valuable that a very large part of the used cutting flats is
collected by the hard metal companies and reused for the
production of new cutting flats.

About hard metal
Hard metals have different names, such as tungsten or
wolfram, and the latter is not randomly named. Wolfram
is Scottish and means wolf froth, which refers to the
metal being so hard to dig out of the ground that back in
the old days it simply “ate” the shovels, like a wolf con-
sumes a sheep.
Wolfram was first isolated in 1781 by the Swedish
pharmacist Carl Wilhelm Scheele.
In 1909 an American, W.D. Coolidge, succeeded in using
metallic wolfram for filaments that could be used in
incandescent lamps.
Wolfram can be found in several countries, while China
has approximately 60 percent of the known wolfram
reserves. _



By Allan Juel Pedersen

A Niro HC 600 plant for hard metals.

A stainless steel object is being worked up on a lathe.
Right beneath the white coolant is the cutting roll,
utting into the steel.




Little brother standing on his own two feet

Niro’s youngest division, the Pharma Division, became an
independent part of GEA Pharma Systems on January 1, 2008.

In 2007, GEA decided to create an independent Pharma Divi-
sion (H-Division) within GEA. The division was established
by transferring the former companies in Niro Pharma Systems
from the P-Division in GEA into the newly established H-Di-
vision. With the establishment of the Pharma Division, it was
natural to transfer Niro’s own Pharma Division.

Niro’s Pharma Division is one of the newer Niro success sto-
ries. Not until the latter 1990s did pharmaceutical companies
seriously start demanding spray drying plants for the drying
of medicine. This new opportunity was clearly identified
and led in 2000 to the establishment of a dedicated Pharma
Division at Niro.

During the last 10 years, the pharmaceutical industry has
found it more and more difficult to find promising new drugs
— the “easy” products have been found and are already on the
market. In addition, the pressure on big pharmaceutical com-
panies has been further increased, as patents on their main
products expire and manufacturers of generic drugs are
able to start production.

The pharmaceutical industry spends vast amounts on research
and development — typically between 10 and 30 percent of
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their business. Unfortunately, the new drugs being discovered
are predominantly very difficult to turn into commercial
products. Typical problems are the dosage and resident time
in the body necessary to obtain the desired effect.

However, this is an area where we can use one of the big ad-
vantages of spray drying — for example by making a powder
as fine as tobacco smoke for inhalation.

The special demands on production plants for the pharma-
ceutical industry — partly from customers and partly from
the authorities — also brought about the need for a dedicated
line of spray dryers to meet those demands. Such a line

was developed and designed in 2000/01 and is called the
PHARMASD™ line.

Establishment of test facility led to great success

In 2001 it was decided to establish a test facility where it was
possible to test the production of drugs. Niro wanted to enter
into a partnership with the pharma industry regarding the
development and testing of new drugs as well as meet the
pharma industry’s need for studies in connection with the
development of new drugs. >



By Svenn Ryberg

Niro’s Pharma test center in Gladsaxe, Denmark.




A “clean room” at Niro’s Pharma test center in Gladsaxe, Denmark.




The project was approved and initiated in 2003. However, a
significant change in the conditions of the project occurred
at the end of 2003. During this period Niro had intensive
discussions with a large pharmaceutical company concerning
a new and promising drug for the treatment of AIDS. They
needed a spray drying plant that was approved by the au-
thorities, since they wanted to examine the drug’s effect on
human beings. The discussions led to an agreement about
production of the product, and thereby the plant was not to
be “similar” anymore, but to meet all of the authorities’
demands regarding production of drugs.

The “clean room” — with the bottom of the spray drying chamber.
The operator of the plant can be seen through the window
on the left.

The project was carried out with much participation by our
customer and under a tight deadline. The time schedule
held, and on November 26, 2004 we received approval from
the Danish Medicines Agency. The first product was produced
in December that same year. Over the following two years,
Niro produced significant quantities for the customer, whose
product was approved for commercial sale this year. All
things considered, a success story! _

Tanks and high pressure pumps for preparation of the fluid product.
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About development and technological milestones

Demand for better products

The need for more simple plants is slowly
decreasing from the start of the 1960s. Custo-
mers want specially designed plants that can
deliver improved powder properties such as
fast and completely dissolving milk and infant
formula products, coffee and dyestuffs. The
development is towards plants combining
spray drying and fluid bed techniques. 1
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Flue gas
Requirements for flue gas cleaning are increased

in the 1980s, and plants for chemical waste
must be able to handle temperatures over
1,000° C. Today, plants for power stations
must be able to handle flue gas amounts of
over 2 billion kilos per hour and therefore
grow into gigantic dimensions: over 20 meters
in diameter and up to 40-60 meters tall. ~1

Energy consumption

The energy crisis in the early 1970s increases
the need for heat recovery systems and plant
types with lower energy consumption. Niro’s
SWIRL FLUIDIZER™ is introduced as an al-
ternative to traditional plants, since the water
evaporation and thus the energy consumption
per kilo product is substantially lower. _1

New types of plants and big plants
During the 1960s and 1970s, the new polymers
in particular are dried in cylindrically shaped
fluid bed plants. Since then, the development
has been towards box-shaped plants with en-
capsulated heating elements. This type of plant
can be the size of a small house and is able to
dry up to 40-100 tons of powder per hour. The
plants are used in particular for the drying of
polymers and soda. The latter is used within
the building industry, in glass production
and, for example, in detergents. 1

Plant tightness and cleanliness

In the 1960s spray drying of products
that because of toxicity or corrosive
properties present special demands

on plants’ tightness is begun. Other
products can make demands regarding
extreme cleanliness. Niro develops

plants that are completely closed and
thus protect both the product and the
surroundings.




Greater environmental demands are obeyed
In the course of the 1980s, a development
towards increased protection of the environ-
ment and thereby better cleaning of the exhaust
air from Niro’s plants is begun. Wet cleaning
methods are used in the beginning, but new
demands on water quality make the transition to
dry cleaning practical. An independent bag filter
technology is developed by Niro and becomes
an important part of the delivery program. I

Increased competition

Globalization, which starts in the early
1990’s, brings increased competition,
which is countered by further standardi-
zation of components and plant concepts.
With increased interest in Niro’s plants,
especially from the Far East and China,

local manufacturing starts to further

reduce costs.

Reduction of dust
From the 1980s, the demand by product ma-

nufacturers for reduced dust when handling
powder increases. Niro’s customers want
plants that manufacture less dusty products.

Af Jens Thousig Mgller

This applies to a wide spectrum of powders,
such as dyestuffs for textiles, chemicals for
agriculture and wine growing, and additives
to rubber in shoes and car tires etc. _1




New demands from customers and new
types of plants

To meet customers’ demands, Niro develops
the TALL FORM DRYER™, the SPRAY
FLUIDIZER™, the COMPACT DRYER™, the
FILTERMAT® and the Fluidized Spray Dryer
(FSD™) and makes more standardized plant

types with wheels and nozzle atomization.

Already in the early 1980s, the demand for
increased accuracy and speed in design
and the project phases made EDB and
later IT important working tools for Niro’s
employees. _
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Renovation of facilities and plants
Many of Niro’s customers in the tradi-
tional industrial countries in Western
Europe renovate and update their
plants. Some companies choose to
focus on special products, which often
demand special drying plants. Other
companies redirect their activity into

the pharmaceutical business. Further-

more, increased requirements for
environmental and occupational safety
demand an upgrade of many existing
plants. 7

Need for increased drying capacity in
China and India

The need for Niro’s technology and knowledge
increases in recent years, particularly from
China and India, where increased prosperity
and population growth result in greater
consumption of dried products. _1

Plant size grows
The consumption of chemical products, food

and other products increases steadily, and
Niro’s plants grow as well. Over the last 30-40
years the capacity of Niro’s biggest plant has
grown tenfold. From the 1970s, plants that
can produce 10-20 tons of powder per hour
plus handle higher temperatures of 800-1,000°C
are increasingly in demand.

Demand also increases for atomizers specially
designed for high speeds. Today, atomizers
rotate creating velocities of more than 1,000
km per hour.



Today, Niro’s F-1000 atomizer is the world’s
biggest atomizer. It is equipped with a 1,000
kilowatt motor and is capable of handling
120 tons of feed per hour.









