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Abstract—India has now become the largest producer of milk
and hence, more and more milk are required to be processed and
converted into powder, thus needing more energy. With the ever
increasing volatility in the crude oil market and the rise of crude
oil prices to more than 100$ per barrel, there is a need to
decrease our dependence on the Non-renewable energy sources
and look for Alternative renewable sources. Solar energy is the
best alternative as major part of India receives a good intensity
of this energy for almost 10 months per year. This will give an
added advantage in reducing CO,/CO emissions reducing global
warming and will save the precious Ozone Layer.
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I. INTRODUCTION

Powdered milk or dried milk is a
product made by evaporating milk to dr,

Approximately 13
kg of skim milk p
whole milk. i
composition

ry in their gross
heat treatment they
particle size and

ess for the production of milk
powders starts ing the raw milk received at the dairy
factory and pasteurising and separating it into skim milk and
cream using a centrifugal cream separator. If WMP is to be
manufactured, a portion of the cream is added back to the
skim milk to produce a milk with a standardised fat content
(typically 26-30% fat in the powder). Surplus cream is used
to make butter or anhydrous milkfat. Since drying is an
energy intensive process, the energy efficient evaporator and
dryers are used for the milk powder plant.

for large scale production of these products, heat
exchangers, vaporizers, etc are used which utilize huge
amount of conventional energy for working.
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t this level major source of energy is electricity, coal or
etc. it is now realized that fossil fuel of non renewable
atdre are gradually coming to an end by the beginning of the
xt century. Another concerning problem is air pollutions
which is mainly due to fire wood, coal, fuel oil, etc. All above
problems can be overcome if solar energy can be used as
major source of non conventional energy. Solar energy with
its endless origin and free from pollution may be the answer to
the energy problems of the coming century. In the present
work, a new approach is made to develop method for
dehydration of milk by using solar energy (Figure 1) to
produce milk powder. Milk powder plant comprise following
components:

Solar Energy Efficient Evaporator

Solar Energy Efficient Dryer

Il. SOLAR ENERGY EFFICIENT EVAPORATOR

As one of the most energy intensive processes used in the
dairy, food and chemical industries, it is essential that
evaporation be approached from the viewpoint of economical
energy utilization as well as process effectiveness. This can be
done only if the equipment manufacturer is able to offer a full
selection of evaporation technology and systems developed to
accommodate various product characteristics, the percent of
concentration required, and regional energy costs.

Milk is concentrated up to 45-48% solid concentration in
solar Evaporator. During solar drying gets evaporated easily.

www.ijltemas.in


mailto:1ravidiarytechnologist@gmail.com
mailto:2anushreya17@gmail.com

Volume |1 Issue I, JAN, 2013 IJLTEMAS ISSN 2278 - 2540

To remove moisture secondary dryer is used which is also
working through solar energy. After that we produce milk
powder through solar energy without using conventional
energy.
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of the convection coefficient, through higher

I1I. SOLAR ENERGY EFFICIENT DRYER velocities in the air/brine contact layer;

Drying involves atomising the milk concent
al increase of the saturated vapour pressure, through
ting of air.

Advanced Solar Dryer's themn arameter

Solar collector properties

drying chamber in a flow of hot air (up to
spinning disk atomiser or a series of hi
The milk droplets are cooled by ev:

reach the temperature of the air. greenhouse - F 1t 052
heated prior to atomisation to redu greenhouse - FUL [Whn “C] 15.2
increase the energy availaple for drying. solar chumney - F 1o 062
remaining water is evapor, solar chimney - FUL [Wim °C] 78
a fine powder of arou Radiation
particle size typic Cover transmissivity 0.85
"secondary" dryi Brine absorptivity 0.94
such beds, i Brine emissivity 02
fluidised podider remo Conduction
moisture concrete thermal conductivity [Wim'C] 1
This design i concrete thickness [m] 0.2
 to achieve ¢ msulation thermal conductivity [Wim'C] 0.004
droplets ims.u]atinn thickness [m] 0.005
* to promote air circtllation, by natural convection, avoiding :Zﬁ :ﬁ’;“n:ls:‘?“mdimtm*y [Wira'C] 12‘2
moisture concentratiod” near the concentrated milk, which —
p : Total theyrmal conductivity [Wim'C] 0842
would counter the occurrence of the desired evaporation. Total fhacimess fm] =503

Such a design implies the need of a storage tank for the
effluent of the diary plant, to help the management of a yearly
operation cycle.

Table 1- Solar dryer parameters

IV. APPLICATION OF MILK POWDER

Milk powder is the dried form of fresh milk that comes in a
can or box and does not require refrigeration. Although it does
not have quite the same taste as fresh milk when it is

102 |Page www.ijltemas.in



Volume 11 Issue I, JAN, 2013

reconstituted with water, you can substitute milk powder for
fresh milk in recipes without noticing a difference in taste.
Milk powders of various types are used in a wide range of
products including the following:

Baked goods, snacks and soups

Cheese milk extension (powder is added to local fresh milk
to increase the yield of cheese)

Chocolates and confectionery (e.g. milk chocolate)

Dairy desserts

Direct consumer use (home reconstitution)

Ice cream

Infant formulae

Nutritional products for invalids, athletes, hospital use etc.

Recombined "fresh", UHT, evaporated and sweetened
condensed milks

Recombined cheeses, mainly "soft" or "fresh"
Recombined coffee and whipping creams

Recombined yoghurts and other ferment

low €emperature in a process
sulting concentrated milk is
0 hot air to remove further
Approximately 13 kg of
whole milk powder P) or 9 kg of skim milk powder
(SMP) can be made freém 100 L of whole milk.Preparation of
milk powder by solar as well as traditional method is
approximately same by sensory evaluation shown in Table 1.

moisture and so gl

Sno  Method  Flavor(3) Bodyand texture (3) Color and appearance (3) Overall acceplabillly ()
1 Solar  B1081 B041.25 B4t 6240.33
2 Tradliondl 782046 814028 3142 614057

Mean valugs # Standard deviation ara based on 3 tial.

Table: 2 sensory evaluation of milk powder

103 |Page

IJLTEMAS

ISSN 2278 - 2540

Heat requirement to evaporate 1 k.g. water from miik :
Evaporation: 1200 kcal/kg
Dryer: 980 kcal/kg
Moisture dryer: 850 kcal/kg

By conventional method there have lots of energy waste in

this process. To save fassil fuel and reduce CO, emission use
of solar energy is one of the best idgas in dairy.

Airflow velocity in Advanced Solar Dryer prototype

13Fev 14Fev 15Fev 16Fev 17Fev 18Fev 19Fev 20Fev 21-Fev 22-Fev 23Fev 24-Fev

—— Evap. Section (30 cm above brine surface)
-« -~ Evap. Section (average corrected from chimney saction)
=== Chimney section

te Aiffow velocity in Solar Dryer section

V1. CONCLUSIONS
conclusions are made from the present

14 Morg"amount of moisture from the milk can be removed
in canventional method than the solar method of dehydration.
abor cost can be saved.
. A high and uniform quality product in respect of color
lavor, body and texture, color and appearance and overall
acceptability can be obtained by solar method.

4. Atmospheric pollution can be minimized by using solar
dehydration of milk.
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