
Energy Aspects of Prerigor Meat 

Introduction 

Red meat processing, the most energy intensive of all the 
food industries, has become vulnerable to fluctuations in the 
energy supply. Major energy sources used in the meat indus- 
try are natural gas (46%), electricity (27%), petroleum fuel 
(14.5%), and coal (12%). Energy prices have dramatically in- 
creased in the past 15 years with further increases assured. 
The adoption of good management practices by the meat in- 
dustry during the past four years has led thus far to more than 
a 27%. reduction in energy consumption. Further energy ef- 
ficiencies can be achieved through process innovation and 
economic alternative types of energy. 

Although it i s  conceptionally useful to lump all energy to- 
gether so as to provide a common means of expression, i.e. 
energy usage "per pound product," the data can be mislead- 
ing. For example, Casper (1977) noted that it took over 2800 
BTU per pound, live weight, for raw cuts, and 1200 BTU per 
pound for sausage. A reliable quantity of energy used per 
pound of product is generally not available. The rate of 
energy consumption per unit of output for the total meat sup- 
ply for 1977 was calculated to be about 1372 BTU's per 
pound. This was considered to be equivalent to one gallon of 
No. 1 fuel for every one hundred pounds of meat. 

Energy 

The energy cost to chill a 600-pound beef carcass, in the 
conventional manner in 20 hours and hold it for 48 hours, 
based on an energy cost of 4@/KwH (this would be double on 
the West coast), would be approximately $1.04. Therefore, 
energy-saving techniques are foremost in the mind of every 
plant manager. Energy-saving process innovations seem to be 
the next step for improving process efficiency and wil l  ulti- 
mately determine the industry process direction. 

A warm beef carcass (600-pound) moving from the slaugh- 
ter floor at 100°F (38°C) internal temperature wil l  contain 
considerable energy. The amount calculated as mass x 
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specific heat x temperature differential provides the quantity 
of heat which must be removed from the tissues. Thus, a 
600-pound choice grade carcass, when cooled from 100 to 
32"F, would possess approximately 31,824 BTU's of energy. 
The lean portion (62%) would have a total of 21,500, fat 
5,630, and bone 4,400 BTU's. When the bone i s  removed 
(18%) and the surplus fat trimmed (1081, the remaining edi- 
ble portion wil l  have 24,316 BTU or a 24% less energy re- 
quirement. 

Space 

The refrigerated space usually set aside for the chilling of a 
600-pound beef carcass is 80 x 36 x 30 inches, or 86,400 
cu. inches. The space above and below the hanging carcass 
would be an additional 34,000 cu. inches, making a per car- 
cass total of 120,400 cu. inches. An equal amount of holding 
space (32°F) (0°C) may also be provided, thus making a com- 
bined space allocation of 240,800 cu. inches per carcass. An 
additional space allocation must also be considered for fabri- 
cation because this area is generally cooled to 55°F (12.8"C). 
However, since this space is used for both processing 
methods, it wi l l  not be directly included in the comparison. 

When the carcass i s  moved to the holding cooler (32°F) 
(O'C), the internal temperature of the round wil l  reach 32°F 
(0°C) in 48 hours. Therefore the space cooling energy wil l  
vary depending upon the method of operation. When a boxed 
beef system i s  used, one must consider storage at 29°F 
( -  1.6"C) which has free-standing racks with slots for pal- 
letized loads. The boxed space required for each 600-pound 
carcass (bone-in primals) was estimated to be 90,000 cu. 
inches. The edible portion by contrast may be cooled in less 
than 25,000 cu. inches of space either on a conveyor belt or 
on shelves. On  this basis, the space requirements for cooling 
may be as much as 80 percent less for hot-boning. Unfortu- 
nately, there i s  very little benchmark energy consumption 
data available on a per unit operation basis. Some detailed 
mathematical models have been developed to predict cooling 
and freezing costs. Even though these models vary in their 
approach to providing energy usage and cost, they basically 
agree on the potential for cooling. 

Traditional meat cooling facilities and processes are charac- 
terized by long cooling periods, inefficient use of space, and 
low equipment efficiency. Available methods for calculating 
cooling loads and equipment design are handbook oriented 
and generally poor. It became evident at an early stage during 
the course of our investigation that more sophisticated 
equipment and design procedures would be necessary to take 
advantage of the benefits of the hot-boning method of beef 
processing. 
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Conventional chill rooms with hanging carcasses are ineffi- 
cient in terms of cooling time and cost because the meat is 
more or less soaking in cold air. Air is a poor heat transfer 
medium; therefore, heat i s  slow to transfer from the meat to 
the air. In order to improve this process, the air temperature is 
lowered as much as possible and air circulation in the cooler 
i s  increased by blasting air into the space. Both of these heat 
transfer parameters lead to high cost operation (low refrigera- 
tion efficiency and high fan power). To avoid these condi- 
tions, it was prudent to develop a cooler model which would 
improve refrigeration efficiency and reduce fan power. Since 
hot-boned beef i s  in relatively small pieces and easy to 
handle, the likelihood of a steady meat flow through a cooler 
i s  feasible. This permits control of the cooling medium (air or 
a liquid) so that the heat transfer rate can be enhanced. With 
these parameters in mind, a counterflow conveyorized cooler 
was conceived which i s  quite similar to a counterflow heat 
exchanger in theory (Ganni, 1979). The cooler can be vis- 
ualized as a rectangular or circular duct with a conveyor belt 
traveling along the longitudinal centerline carrying the meat 
while air or liquid flows in the duct in the opposite direction. 
A conventional refrigeration system cools the air and a blower 

circulates the air through the duct. A schematic of this system 
is shown as Figure 1. 

Model System 
In a conventional cool room the heat transfer process is 

controlled by heat transferring from the meat surface to the air 
and the fact that heat must be transferred from the center of 
the carcass to the surface by conduction i s  of little conse- 
quence. However, in the case of the model conveyorized 
cooler, the whole process is speeded up to the point where 
heat conduction in the meat becomes the controlling factor. 
There i s  little or no data in the literature for this situation; 
therefore, a completely new modeling procedure was devel- 
oped to handle this process. To take full advantage of the 
benefits of this type of a cooling process, it was necessary to 
optimize the system. That is, for a given situation a particular 
grouping of parameters wil l  result in the minimum energy 
consumption. The model was developed so that this optimum 
could be determined. The system uses actual refrigeration 
equipment characteristics in conjunction with the new heat 
transfer theory. The model is practically independent of the 
actual size of the cooling system. 

Figure 1. Schematic of the Model System 
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Using this conveyorized chilling model with 520 headiday, 
at an average carcass weight of 560 pounds, one would ex- 
pect a 66% energy saving by cooling hot-meat. Thirty-two 
percent is due to a reduction in mass (37.6%) and remainder 
being due to the improved cooling system design. The capac- 
ity of the required refrigeration equipment was approximately 
the same for both the hot and cold processes. However, there 
would be a 25-308 reduction in peak power demand due to 
a reduction in fan power requirements for the hot-boned sys- 
tem. 

Conveyorized freezing of hot-boned beef required 6 3 8  less 
energy. Of  the 63%, 20% was due to a reduction in mass 
(37.6%) and the remainder due to the improved system de- 
sign. The capacity of refrigeration was reduced from 33 tons 
at -40" evaporation temperature to 26.5 tons at - 15°F evap- 
oration temperature at a condensing temperature of 90°F in 
both systems. Freezing pieces would permit a 5 0 9  reduction 
in peak demand due to the reduction in the equipment capac- 
ity and fan power requirements. The reduction in total energy 
requirement was found to be the following features: 

1. About 32% of the energy reduction was attributable to less 

2. There was nearly a 90% reduction in fan power. 
3 .  Higher cooling air temperatures may be used to increase 

4. Only about % the building space was required for the 

Another important benefit of the cooling process is in reduc- 
tion of inventory. It i s  a common practice for carcasses to 
hang in the chill cooler and holding cooler for a total of 24 to 
48 hours. Using the conveyorized cooling system the product 
may be cooled, boxed, and shipped well within a 12 hour 
period . 

mass (fat & bone). 

refrigeration efficiency. 

cooling system. 

Management Consideration 

The benefits offered by hot processing of bovine are avail- 
able only if the process can be adopted and implemented. 
The decision to convert to a new procedure requires careful 
analysis by management of relevant factors as they affect their 
individual firms. There appears to be sufficient evidence to 
cause management to give serious consideration to the de- 
sirability of hot processing. The benefits to be gained include 
reduced energy, more effective use of existing plant space, a 
more favorable internal rate of return on investment, and in- 
creased product yield. However, in order to obtain these 
benefits, capital funds are required, i.e. an investment cost is 
involved and temporary problems of process changes are in- 
herent anytime altered operating procedures are introduced 
into a system. However, the benefits appear to be worth the 
temporary disadvantages. 

Even though our topic was designed to deal with the energy 
aspects of pre-rigor meat, it seems wise to point out that other 
factors must also be addressed. Some of these are plant lay- 
out, design or retrofit, labor requirement, and the distribution 
system. In a conversion to hot boning, management wil l  give 
first consideration to the economic impact resulting from a 
processing change. Due to the variability of conditions in 
processing methods, equipment, plant size, land cost, etc., 

comparative costs would need to be made for each plant. 
Some comparison using 18 departments were made by Fergu- 
son and Henrickson (1981), using a computer model. 

Sources of Energy Savings 

There are two main sources of energy savings from hot bon- 
ing. First, energy requirements can be reduced in the cooling 
and storage stages. Second, the transportation of processed 
beef requires substantially less energy than does the transpor- 
tation of beef sides. For use in the discussion, some data are 
summarized and extrapolated for the quantity of beef that was 
processed in the United States during the year of 1978. It 
should be noted that meat production is  less for 1978 than for 
prior years and that energy savings are in direct proportion to 
the quantity of meat processed. The Source Energy Block Di- 
agram, Figure 2, summarizes 1978 conditions and indicates a 
maximum energy reduction of 5.08 x 10l2 BTU or 5.08 tril- 
lion in source energy. Stated in other terms, energy savings 
were predicted at 1.62 x 1 o7 BTUihead or 205 BTU/pound of 
beef processed. Line 1 of the block diagram shows energy 
requirements for 100% cold processing of the 1978 beef pro- 
duction. Line 2 indicates the energy required if waste heat i s  
available for bagging of beef prior to tunnel chilling. Energy 
requirements in Line 3 are for processing the same quality of 
hot beef but considers the case where waste heat is not avail- 
able or i s  not utilized. Line 4 indicates the maximum potential 
savings for hot boning and compares Line 1 and Line 2 as the 
most favorable case, i.e. a savings of 5.08 x 1 O'* BTU annual 
savings for the 1978 year. 

Conclusion 

The advantages offered by hot processing are significant 
and should be given serious consideration by the meat proc- 
essing industry. An increasing segment of the industry is al- 
ready moving toward hot processing and if present trends 
continue, the rate of change to hot processing wil l  accelerate. 
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