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ABSTRACT: Energy consumption in various unit operations of
both Ultra-High-Temperature (UHT), and a conventional High-
Temperature-Short-Time (HTST) pasteurization systems were
evaluated and compared. The (UHT) system consumed 437.665
MJ/ton milk while the (HTST) system, consumed 276.954 MJ/ton
milk. The energy consumption/recovery of the regenerator,
preheater (heater), homogenizer and cooler were comparable for
both systems. The total consumed energy for different packaging
methods was also evaluated.
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ANTRODUCTION

The milk sterilized using a steam (HTST) (Chandarana et al., 1982).

infusion (UHT) process has been
found flavor able compared to the
(HTST) pasteunized milk (Nahra
and  Westhoff, 1980). The
processing system (UHT) of food
products requires a higher quantity
of thermal and electrical energy in
the processing  plant  than
conventional processing system

Biziak et al. (1982) revealed that
the energy requirements of a shetl
and tube (UHT) system were 358
and 437 Kl/kg milk for flow rates
of 625, 1055 and 1367 Kg/h and
processing  temperature ranged
between 138 and [49C°while
Chandaran et al., (1984) revealed
that the energy requirements for
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process. It was 217-228 KJ/kg that
value excluded the energy required
for post processing refrigeration.
The consumption of fuel oil, and
electricity per kg product in all
raw milk factories were about
707.35 and 230.2 KJ receptively
(Yoon, 1983). The thermal energy
used in polish dairies for
processing 1000 liter miltk
consumed an average of 1737 MJ
(Woidalski and Malejko, 1984).
(UHT) system was used to sterilize
raw milk at 138C° 148C° and
154C°. Energy
consumption/recovery of various
(UHT) operations consumed 476-
570 Klkg milk, versus 120-131
Kl/kg milk in the (HTST) system
(Frey et al., 1984). The (UHT)
process estimated "in net energy
saving because the product does
not require an energy for post
processing refrigeration
(Chandrana et al., 1984).
Pasteurized milk consumption of
fuel oil and electrical energy
average 595 and 170 Ml/ton milk
intake respectively (Okoth, 1990).
The energy consumption in modern
milk industries for pasteurized and
sterilized milk in botiles from
heating and electrical energy were
165, 200 and 55, 70 K Wh'ton
(Eliza and Diakows, 2000).

Measuring of the energy

consumption for  each unit
operation identifies the energy
intensive components  of the

processing system and components
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from which energy can be
recovered and reused.

The objectives of this study

are to:

1- evaluate and compare the
- energy consumption for both
(UHT) and (HTST) systems.

2- Quantitatiny energy

requirements of four different
packing methods.

MATERIALS AND
METHODS

The  experiments were
carried out in  “Green Land”
Middle East Co. for Food and
Dairy  Production at 10th of
Ramadan City. The milk flow
diagram for (UHT) and the (HTST)
systems was shown in Fig. (1).
Milk in the (UHT) system was
preheated from 17 to 80C°
homogenized and then sterilized
using steam The processing at
temperature of UHT was (37C°
with a holding time of 4 seconds.
In the (HTST) system the milk was
heated from 6 to 87.5C° with a
holding time of 30 seconds. The
temperature and holding times for
both processes were regarded to be
selected as .in the fluid milk
industry. The milk flow rate for
both systems was 10 Tons/h+5%.
Different  instrumentation were
used for monitoring the processing
system included flow rate counter
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{(PLCS) model A/B. Lund. Sweden
(flow rate), at points (8-19-20),
digital temperature thermometer
OMRON model (EsCs-RIP X 521)
(temperature), at points (3-4-6-7-
11-15-19-20), digital multimetere
model ME-540 with a double jak
AC and DC (temperature-electrical
energy), vapor rate counter DP cell
foxboro (vapor rate), at points (6-
7), digital clampmeter 750 AKEW-
SNAP model 2007 with a double jak
AC and DC (electrical energy), at
points (1-2-3-5-6-9-10-12-14-19-21-
22-23-24-25). '

The unit operations analyzed
were regenerator;, homogenizer,,
separator cream  sterilization,
microfilteration, heater, mixing
device, cooler;, regeneraror,,
preheater, homogenizer,, sterilizer,
cooler;, tetra brick aseptic, tetra
capping, applicator, tubex and
shrink. These unit operations were

run as follows:

1-Unit operations of (HTST)
system:

The unit operation of that system
are referred by the symbols from A
to Tin fig. (1).

Regenerator; (K)

The regenerator section was a
plate heat exchanger Fig. (1). Hot
processed milk  enter the
regenerator from the top of head
plate through crossover holes
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between the plates while the raw
milk entering the regenerator from

the bottom of head plate which
flowing in the opposite direction
against the other side of the plate
heater. The temperature of raw
milk entering the regenerator was
6C° and it was heated to 55C°. The
processed  milk entered the
regenerator at 87C° and it was
cooled to 38C°,

Homogenizer; (0)

The homogenizer; basically a
horizontaly = mounted  3-piston
positive displacement pump with
belt in homogenizing device, the
milk homogenized at 4.6 MPa.

Separator (L)

The standered  equipments
included are motor, foundation
plate and automatic pneumatic

brake. The unprocessed milk fed
into the separator powel from the
bottom which separate it into
skimmed milk and cream,

Cream Sterilization Device (M)

It was a free standing plate heat
exchanger with cooling,
regenerative and heating section.
‘The cream sterilized at 130C° with
a holding time of 2-4 seconds.
Microfilteration Device (F)

It was wused to separate
microorganisms  from skimmed
milk, the device made of stainless
including membrane with
pore size of microfilters CA 1.4 p

bl
51T

"~ m and gh pressure pump.
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Fig. (1): Milk production line plant (A)
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Heater (K)

It was also a plate heat
exchanger. The milk temperature
increased by about 33C° 1o
pasteurization temperature 87C°,
Mixing Device (N)

It was used to mix skimmed milk
with cream.
Cooler, (K)

It was a refrigeration system,
consists of compressor shell and
tube condenser, evaporator coil and
shelled water tank. The milk was
cooled from 38C° to 6C°.

2-Unit Operation of (UHT)
system:
The unit operations of that

system are referred by symbols
from S to Q in fig. (1).
Regenerator; (5)

The regenerator was a double
tube heat exchanger, cooled milk
flowed in the outer tube while hot
processed milk flowed in the tnner
tube. The temperature of incoming
milk - enter the regenerator was
17C° and it was heated to 80C°.
The processed milk enters the
regenerator at 137C° and it was
cooled to 74C°.

Preheater (S)

The preheater was also a double
tube heat exchanger. The milk
temperature  increased by about
13C° to a preheat temperature
93C".
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Homogenizer; (1)

The milk was homog-enized at
58 MPa.

Sterilizer-(S)

The milk temperature increased
by about 44C° to be 137C".
Cooler (S)

The cooler was also a double
tube heat exchanger. The milk
cooled from 74C° to 25C°.

3-The investigated packa-ging
units:

This unit are referred by symbols
from R to P. in fig. (1).

Tetra Brick Aseptic Machine (R)

It is an splicing unit with double
reel for packaging wmilk in
packaging volum 200 ml, 250 ml,
500 ml and 1 litre.

Tetra Capping Machine (U)
‘They were a capping unit provids
packages with plastic caps.

Applicator and Carton (Tetra
_cardboard packer) (X)

They were a packer to collect
packages in small groups in
wrapping box.

Tubex Straw Applicator {V)

They were a hot melt gun to
provide packages with tubex.
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Shrink Machine (Y}

They were a double reel for
wrapping material to wiappe the
box with plastic covers.

Estimation of thermal and
Electrical:

The Thermal energy was
estimated according to Mills
(2002). as follow.

Q = mc (Tin - Tout) (1)

Where:

Q rate of heat transferred
(kl/h)

m mass flow rate (kg /h)

c specific heat (kl/kg C°)

Tin  temperature of inlet fluid
(€

Tout temperature of outlet fluid
(€

While the elecrical was estmed
according to Jimmie (2002) as
follow.

P:ﬁ VI Cos @ watt/h(2)
Where:

p Motor electrical power
(W) /S
V. Volt
i Ampere
@  Power angle
RESULTS AND
DISCUSSION

1-  Energy distribution in
different unit operations of
(HTST) and (UHT)
systems, ‘
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The energy required consumed by
each unit operation was shown in
figs. (2 and 3). It can be was noticed
that:

For (HTST) system
Regenerator _

The raw milk absorbed 191 MJ
thermal energy/ton of milk whereas
the product Jost 212 MJ with

regenerator  thermal efficiency
90%.

Homogenizer

The homogenizer where the
largest pump in the system

required an average of 11.991
Ml/ton of milk electrical energy,
total energy for homogenization
represents a percentage of 4.33%
of total energy required for milk
processing,

Separator

The  separator required an
average of 6.662 Ml/ton of milk
electrical energy, total energy for
separation represents a percentage
of 2.41% of the total energy.

Cream Sterilization device

It require an average of 7.680
MJ/ton of milk thermal energy or
109.764 Ml/ton of cream while
cooling cream require 4.830
Ml/ton of milk electrical energy or
69 Ml/ton of cream, in addition to
the thermal energy the cream
vaccum device required 1.801
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MJ/ton of milk electrical energy.

The total energy for cream
sterilization represents a
percentage of 3.42% of total
energy  required for  milk
processing.
Filtration .

The filtration require an average
of 21.956 MJ/ton of milk electrical
energy with a percentage of 7.93%
of the total energy.

Heater

The milk absorb 165 Ml/ton of
milk thermal energy in addition to
the thermal energy the hot water
pump required 7.202 Ml/ton of
milk electrical energy. The total
energy for- heating represents a
percentage of 62.18% of the total
energy.

Cooler

The milk lost an average of 124 8
MJ/ton of milk thermal energy
before being packaged. The cooler
require  54.662 Mlfton of milk
electrical energy with cooling
efficiency 60%. The total energy
for cooling represents a percentage
of 19.73% of total energy.

For (UHT) system
Regenerator

The incoming milk absorbed 246
Miiton of miik
whereas the product lost 273
Ml/ton.

Abd El-Wahab, et.al

Preheater

The milk absorb 67.6 MJ/ton of
milk thermal energy.
Homogenizer

It require an average of45.012
MJY/ton of milk electrical energy,
total energy for -homogenization
represents a percentagé of 10.28%
of total energy required for milk
processing.
Sterilizer

The consumption energy by
sterilizer was 228 8 MJ/ton of milk

thermal energy with thermal
efficiency 75%, in addition to the
thermal energy the sterilizer

required 29.996 MlJ/ton of milk
electrical energy. The total energy
for preheated in sterilization
process represents a percentage of
74.58% of total energy required for
milk processing.

Cooler
The milk lost an average of 191
MJ/ton milk thermal energy

whereas the cooler require 66.257
MlJ/ton of milk electrical energy
with cooling efficiency 60%. The
total energy for cooling represents
a percentage of 15.14% of total
energy required for  milk
processing.
2- Total energy required for
(HTST) and (UHT) mitk
systems:

The energy required for milk
processing under two different
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systems of (HTST) and (UHT) was
evaluated and shown in Fig. (4)
and Table (1). It was noticed that
the use of (UHT) system was
accompanied with an increase in
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and 437.665 Ml/ton of milk for
(HTST) and (UHT) systems
respectively. The increase of
energy requirement in the case of
using (UHT) system can be

energy  consumption with a attributed to that, (UHT) system
percentage of 58% comparing with requires more  heat  energy
(HTST) system. The wvalues of compared to (HTST) system.
energy requirements were 276.954
500 - I
HIST MILK | ] 4 i
450 4 yyrmik (@32 437.665 i
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Table-(1):

Abd El-Wahab, et.al.

Average energy consumption for each individual operatien in both HIST and
UHT milk pasteurized systems.

Consumed energy

Milk HTST system

Milk UHT system °
per Ton -
: Electrical {Thermal| Total |Percent| Electrical [Thermal Total {Percent
) KW.h(M))| (MI) | E(MI) | of T.E |[KW.R(MJ)| (MJ) | E(MJ) | of TE
Operation
A g p—
Heaxfng 2 (165.000){(172.202)| 62.18 833 (296 4003((326.396)] 74.58
{pasteurization
& sterilization)} (7.202) (29.996)
Separation 1.85 -- (6.662) | 241 - - -
=14}
B (6.662)
§ Filtration 6.1 —« |@iessy| 193 -
2 ;
n’: (21.956)
Cream Sterilization 035 | (7.680) | (5.481) [ 3.42 - - -
(L.801)
Homogenization 3.33 — (11.991)] 4.33 125 - (45.0123 ] 028
(11.991) 45.012)
Cooling 15,18 - (54662 1973 18.4 (66.257)| 514
(54.662) L (66.257)
Total (104.274) }(172.6800[(276.954)] 100% | (141.265) [(296.400}|(437.665)] 100%
Percent of T.E 37.65 '62.35 100% 3228 67.72 100%

/
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Electrical and thermal
energy consumption:

Fig. (3) shows both of electrical
and thermal energy consumed
through the two deduced milk
processing under different systems.
It is cleared that, the thermal
energy requirements of were
172.680 and 296.400 Ml/ton of
milk.

]

FT.RECTRICAL

i THERMAL Ig} \
L
MILK UHT SYSTEM
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That represent of 37.65 and
32.28% of total energy required
for processing under (HTST)
and (UHT) systems
respectively. From these results
it can be deduced that, thermal
energy represents the greater
part of energy - consumed in

milk 109.82% compared to
electrical ones for different
systems.

| o
| ELFCTRICAL @]
THERMAL m2]
I
MILK HTST SYSTEM

FIG.(5):The percent of electrical and “thermal energy consumed for
HTST milk and UHT milk systems .

These values represent of 62.35
and 67.72% of total energy
consumption While the consumed
“electrical energies were 104.274
and 141.265 MJ/ton milk.

3- Energy requirements for
different packaging methods

The comparison between
different machines of packaging
according to the energy required
for each was conducted using
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different machines named Tetra
Brick Aseptic packaging (A),
Applicator and carton (B), Tubes
straw  applicator (C), Capping
applicator (D) and Shrink (E), all
experiments were carried out under

different packaging volumes were "

(200, 250, 500 and 1000 ml). The
obtained results were shown in Fig.
(6, 7) and listed in Table (2} which
indicated the greatest consumed
energy of packaging 119.071
MJ/ton was accompanied with

Abd El-Wahab, et.al.

machine (B) and the least one
under machine (D) compared with
the other.

Added to that it was also noticed
that the use of volume packaging
of ‘1 litre saved the energy requiréd
for packaging with percentage
ranged from 44.66% to 65.22%,
from 26.54% to 46.94% and from
26.09% to 47.82% comparing with
the other volumes for A, B and E
machines respectively.

tag

113.071

120

5
|
|
|
L son

a0 A

0

TOTAL ENERGY { MJ ! TON MILK }

49

-

TP 200 ml [+
TP250 mi =2
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69.838

49 .45

|
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|
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3 4

FIG (6) : The consumed -energy for packaging milk by different types of

tetra pack packages .



Table (2) The consumed energy per ton for packaging milk by different types of tetra packages.

200 Percent TP 250

ck;sging Machine
—

Percent

1273 5583 23 69.55
(45.828) (82.821) (40.811) (28.807)
163 | 717 | 163 | 494 1.2 6.19 87 631

(5.882) (5.882) (4.321) (3.121)
[Tubex straw applicator 77 3.36 77 2.32 === - --= -
(2.761) : (2.761) '
iCapping appliéator T - - - 1.2 6.19 87 6.31
(4.321) (3.121)
7.67 33.64 7.67 32.19 5.67 25.20 4 29.13

(27.607) (27.607) (20.405) (14.404)
Fotal 228 100% | 3307 | 100% | 194l 100% | 13.74 | 100%
(82.078) (119.071) (69.858)

$00Z (1)ON I€ 10A “Say U3y [ 810807

1] £
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Energy  distribution  for
different unit operations of
packaging:

Tetra Brick Aseptic Packaging

It require an average of 82.821,
45.828, 40.811 and 28.807 MJ/ton
of milk electrical energy packages
volume (250, 200, 500, 1000 ml)
with a percentage of 69.55, 55.83,
58.42 and 58.25% of the total
energy required for milk packaging
[Fig. (7) and table (2)}.
Applicator and Carton

It require an average of 5.882,
5882, 4321 and 3.121 MJ/ton of
milk electrical energy for packages
(250, 200, 500 and 1000 ml) with a
percentage of 4.94,7.17, 6.19 and
6.31% of the total energy required
for milk packaging [Fig. (7) and
table (2)].
Tubex straw applicator

It require an average of 2.761 and
2.761 Ml/ton of milk electrical
energy for packages volume (250,
200 ml) with a percentage of 2.32
and 3.36% of the total encrgy
required for milk packaging [Fig. (7)
and table (2)].
Capping applicator

It require an average of 4.321 and
3121 Mlion of milk electrical
energy for packages volume (500
and 1000 ml) with a percentage of
6.19 and 6.31% of the total energy

21

required for milk packaging [Fig.
(7) and table (2)].
Shrink

It require an average of 27.687,
27.607, 20.405 and 14.404 MJ/ton
of milk electrical energy for
packages volume (250, 200, 500,
1000 ml) with a percentage of
32.19, 33.64,29.20 and 29.13% of
the total energy required for milk
packaging [Fig. (7) and table (2)}.

CONCLUSIONS

1) The energy consumption by
(UHT) system evaluated to be
266400 Ml/ton of milk
thermal energy and 141.2065
MJ/ton electrical energy.

2) The energy consumption by
(HTST) system evaluated to be
172.680 Ml/ton of milk
thermal energy and 104274

Ml/ton of milk electrical
energy.

3) Wik  packaging roquired
ranges from 119.072 to 49.453
MlJ/ton of milk electncal
energy.

4) “Milk processing percent was
77.56 for (HTST) system and
84.53% for (UHT) system
whilest packaging were 22 44
and 1547% of the total
energy.
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5) The (HTST) energy ratio were
7.03 while the (UHT) energy
ratio were 4.85.

-6) The percent of output energy
to input energy was 62% of
total energy and 38% of the

total energy losses for
cleaning, steam pipes,
equipments surface,
condensate steam and
exhausted.
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