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S pan D M 1 were lighter averaging 42.7 kg (Table 1). Average values
» obtained from readings taken every 10 pigs, ranged from

any . Condit3 f these pigs in each chill room was chosen to represent
. nd theip t"’"S in the whole chiller. The total number of pigs in each
otal weight were taken from the MLC weighing and grading

han ‘z'elﬁcity
oF of re (f)rl;“ M/s. Maximum and minimum values, obtained from all the
3 Ming dnoss 5 Fbe]m,, 0.2 to 2,2 m/s (Table 1). Weight loss varied by a
i 2 Joq i rom 1.85 to 3.6% with the two stage chilling system

't*'ifo Brat 2.06% that was near the lowest value measured.

he "nan Ure

s e
hwo jmd Stead;a”ed,‘" both time and space within each chiller but were
o, ‘]”E un]ty Of the to < 1°C) prior to unloading (Table 1). The temperature of
°°ding Wi Pigs had been reduced to within 1°C of the air temperature
i ot e o the exception of those in low velocity areas of chiller
A e 9 temperatures of 10°C were recorded.
in Ct"icﬂ e
Tab1e

: nergy used by each system in the 24 hour monitoring period
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YStap, ork chilled by each system when fully loaded was estimated

» the most energy intensive, used 2,3 times as much energy

as system 3, the.most economic single stage plant. For the two stage system 5,
the energy used in each stage was separately adjusted for room utilisation and
thettotgl shown in Table 3. This system used 2.9 times as much energy as
system 3.

The specific energy consumption of the evaporator fans was obtained by dividing
the 1_:ota1 energy used by the fans by the weight of pork in the chiller when full
and is sr_\own‘m Table 3 and plotted against the specific total energy
consumption in Figure 2.

Discussion

The specific energy consumption for 24h batch chilling of pigs in the abattoirs
surveyed ranged from 97 to 360 kJ/kg (Table 2). However it is clear that the
percentage utilization (i.e. the number of pigs being chilled compared with the
total capacity) at the time of the survey has a substantial effect on this
figure. In any comparison between chilling systems this factor must be taken
into account and the range is then reduced to 89 to 258 kJ/kg. None of the
chilling systems have novel features and therefore the minimum energy
consumption for 24 hour batch chilling in the UK in summer cannot be more than
90 kd/kg, using existing technology,and other chillers may even achieve less.

There is little point in achieving minimum energy consumption if the weight loss
rises as a result, since weight losses are of the order of 2% and cost 1.6p/kg
(with pork sold at 80p/kg) while energy costs are only of the order of 0.1p/kg.
However systems 3 and 4 which had the lTowest specific energy consumption also
had Tow weight losses. Since the only other abattoir with a low weight Toss
used a 2 stage process, this suggests that for single stage 24 hour batch
chilling systems the factors which reduce energy consumption may also reduce
weight loss. It also sets a standard against which all other chilling systems
can be compared. The survey was not extensive enough to be able to prove
beyond reasonable doubt what practical factors influence weight loss and energy
consumption, but in 24h batch chilling systems it gave a good indication.

The environmental conditions that theoretically minimise weight loss during
chilling have been well discussed (Malton and James, 1984). During the initial
stages a combination of high air velocities and lTow temperatures are required
to rapidly lower the surface temperature thus reducing the vapour pressure
which is the driving force for evaporation. As the surface temperature
approaches the value ultimately required in the meat the air temperature should
rise to this desired value and the velocity reduced to minimum needed to hold
the surface constant. These conditions need to be maintained until the whole
carcass has reached the desired temperature when effectively chilling has
finished. Conditions should then be those suitable for storage, i.e. a high
humidity, very low velocity and constant temperature.

Experiments have shown that using extreme conditions all the heat can be
extracted in a three hour process with a resulting overall weight loss of less
than 1% (Gigiel & James, 1984). However most existing systems work on a 24
hour cycle and use a single set of conditions throughout the chilling process.
In this situation the choice of operating conditions is a compromise between
the conflicting requirements, especially in terms of air velocity of the three
stages. The results of this survey indicate that overall it is better to
satisfy the requirements of the second and third stages for a low air velocity
if low weight losses are to be achieved. There is little to be gained by
installing a rapid chilling system if, after the pigs have been chilled, they
are then held in conditions which cause high weight.loss. For example system
No. 5 in this survey did not save as much weight as the slower chilling system
No. 4.

The total air movement over the 24 hour period may therefore be a practical
guide to weight loss during this time. A measure of this total air movement is
the integral of the power supplied to the evaporator fans related to each kg of
pork chilled. Thus the specific.’fan energy consumed in 24 hours (Efan) is

dt
Efan =/2—
W

where p is the power supplied to the fans, t is time and w is the total weight
of pigs in the chiller.

This factor is also very important in specific energy consumption, not only
because of the direct consumption of energy by the fan motors but also because
the ensuing heat must then be removed by the refrigeration plant from the
chiller thus adding to the refrigeration load and hence compressor power.

Thus specific evaporator fan energy consumption may be a useful guide to
assessing the performance of 24 hour batch chilling systems with regard to
energy consumption and weight loss. Figure 2 shows that this may be possible,
as the only point not in linear relationship was that for the two stage
process. However there were an insufficient no of chillers in the survey to
make a meaningful statistical correlation between these factors.

This paper has shown that existing 24h batch pig chillers can achieve an energy
consumption of 90 kJ/kg and a weight loss of 2%. Any chiller not performing as
well as this could be improved using existing technology, and new chillers
should be at least as good. Since the cost of weight loss is approximately 10
times the cost of the energy used in chilling it must be of prime concern. Any
saving in weight lToss may consequently justify the expenditure of greater
amounts of energy. A useful indicator of weight loss and energy consumption may
well be the specific energy consumption of the evaporator fans. The final point
is that the biggest factor increasing specific energy consumption in practice is
the extent to which the chillers are used and efforts should therefore be made
to devise systems in which the chillers are always used to their maximum
capacity.

Future work will be to develop chilling and refrigeration systems to overcome
the shortcomings of existing systems.

Acknowledgements

The author wishes to thank Mr. G.P. Peck, Mr. M. Swain and Mr, 1. Phillips for
their assistance in collecting the data and also the companies and their staff
who cooperated in the survey and allowed access to their plants

References

GIGIEL, A.J. & JAMES, S.J. 1983, XV1 Int. Cong. of Refrig., Paris.

GIGIEL, A.J. & JAMES, S.J. 1984, Meat Sci., 11, 1-12,

JAMES, S.J., GIGIEL, A.J. & HUDSON, W.R. 1983. Meat Sci., 9, No. 1, 63-78.

MALTON, R. & JAMES, S.J. 1984, Profitability of Food Processing. Institution
of Chemical Engineers Symposium Series No, 84, 207-219.




Table 1 For each chiller the number of pigs, their total and average weight,
the maximum number that the chiller will hold, the average,
and maximum air velocity, the air temperature at the end of chill
and the weight loss during chilling

Chilling No. of Total wt. Av. wt. No. of Av. air Min & max
system pigs in of pigs of pigs pigs in vel nr air vel
ID No. chiller in in chiller hind leg
chiller chiller when full of pigs
kg kg m/s m/'s
1 76 3245 42.7 200 345 <n,2-2.2
2 465 2973 63.9 465 0.5 0.2-1.3
3 227 14714 64.8 270 0.5 0.3-1.0
4 320 21440 67.0 500 <0.2-0.5
5 375 22249 64.1 780* 0.8 0.5-4.4
2nd stage 500 0.7 <0.2-1.8
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* Assuming every position on the 1st stage conveyor is used and it runs

for 7 hours.

The total and specific energy used in 24 hours and the comparative

Table 2
and actual cost of pig chilling for each system
Chilling Total energy Total energy Comparative Actual cost
system used in 24h used in 24h cost of pig of pig
ID No. per kg of chilling chilling
pork chilled
MJ kd/kg p/kg p/kg
1 1156 360 0.36 0.35
2 3352 112 0.1 0N
3 1429 97 0.1 0.13
4 2538 137 0.14 0.13
5 6029 2n 0.27 0.39
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Table 3 The total energy used, divided into base and product dema"‘gs ¢
specific energy used and the energy consumed by the evapc’f”,-,,g
in 24 hours if the chiller were fully loaded, for each chl
system.
—————————————— ———————————————— — —
Chilling Base Product Total energy used Energy “Sed,ls
system demand demand per kg of pork by eval’-f r\ﬂ"\ "
ID No. chilled if chiller per kg O-(chHl
fully loaded chiUE?D;
fully
MJ MJ kd/kg kJ/k9
1 778 378 208 529
2 1728 1624 12 2.3
3 781 648 89 205
5
4 1332 1206 96 2322
5 3658 2371 258 ’y
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Figure 1- The energy used in each hour l’°rl
chilling system No.3
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Figure 2- Total energy used plotted agamstou",
energy used by the evaporator fans in 24 h,d"
per Kg of pork chilled if the chiller fully i

Yobq

o

extonded




