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Exhihit I illustrates three frequently heard phr‘ises, 
“eilc~gy conservation, energy reduction, energy effi- 
ciency.” In today’s climate of increasing uncertainty 
of energy supply and rapidly escalating costs for vir- 
tually all forms of energy, the subject of control of 
energy u s c  has certainly become a popular topic. 
However, these popular phrases are being freely used 
interchangeably and sometime? it is difficult to under- 
stand what is really meant. 

This problc>m in semantics can best be illustratcd 
by considering the two cases in Exhibit 11. In  Case I, 
a process which produces one unit has an energy re- 
quirement of 100 BTU of natural gas. In Case 11, a 
process which produces this same one unit has an 
energy rcyuirement of 50 RTU of natural gas plus 
75 BTU of solar energy. The question is, which is 
the better from the standpoint of energy conserva- 
tion? The answer depends on your view. In strict 
thermodynamics, Case I uses less energy and there- 
fore is better energy conservation. It is likewise more 
energy c4kieiit than Case 11. Companies which pur- 
sue energy conservation \vould normally take those 
positions. However, from a governmental view, Case 
I1 may be argued as better energy conservation be- 
cmse it uses only half as much nonrenewable ener- 
gy form, and only in that context can it be properly 
termed energy conscwation. 

In general, energy users uwally mean “energy effi- 
ciency” when they refer to energy conservation, where- 
as the government often really means reduction in 
absolute volumes of principally oil and gas when it 
refers to “energy conservation.” 

Meat Intlzistry Progress in Energy Conscruution 

Exhibit I11 is a bar graph illustrating the trend in 
thc meat packing industry (SIC 2011/2013) froin 
1975 to 1978 in its efforts to meet the required amount 
of production with the minimum amount of energy, 
i.e., progress in overall energy efficiency. Efficiency 
is normally stated as output divided by input, but 
industrial energy rcporting to the government uses the 
rvciproeal, and reduction in that reciprocal ratio of 
HTU per poinid is construed as improved energy eK- 
cicncy. Each bar of Exhibit I11 corresponds to a given 
reporting time period that is either six months or 

- 
the percent reduction in the ratios of total RTU per 
total poiincls of production for the rcporting period 
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as compared to the adjusted BTU per pound ratio 
of those same facilities in 1972. 

Exhibit 111 clearly reveals good progress over the 
four-year period of reporting, to a current level of a 
27 percent reduction in BTU/Ib. Note this exceeds 
the industry target for 1980. 

Exhibit IV summarizes the actual results in the 
most recent meat industry energy report covering the 
use period over the last half of 1978. Companies re- 
porting energy and production include manadatory 
reports from five major firms plus voluntarily sub- 
mitted data from an additional 32 firms. This aggre- 
gated data only represents on the order of about half 
the production in Standard Industrial Classification 
Code 2011/2013. The average energy use per unit 
output for this sampling for the second half of 1978 
was down to 1,372 BTU per pound. This is equivalent 
to one gallon of fuel oil for every one hundred pounds 
of meat. 

As a matter of background, Exhibit F7 illustrates 
the major kinds of energy used by meat packing 
plants. The electrical requirement, primarily for re- 
frigeration, is only 22 percent of total energy needs. 
Fuels of various types make up the remaining 78 per- 
cent of energy needs of meat packing plants. Of the 
fuels, natural gas is still the dominant required fuel, 
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and if totally available it would displace all other 
fuels because of its lower cost and clean burning 
properties. In most cases, coal and fuel oil serve as 
standby fuels for boilers, where fuel oil is by far 
more dominant, especially in terms of numbers of 
facilities. Propane mainly serves as a standby to nat- 
ural gas for process needs because it is the only fuel 
other than natural gas that is permitted in direct gas- 
fired applications such as hog singeing and smoke- 
houses. The "other" types of fuel consist primarily 
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of direct purchased steam normally supplied by a 
utility using a fossil fuel for steam generation. 

These ratios of use by fuel type have not greatly 
changed since 1972, except to see a somewhat de- 
creasing use of coal and an increasing use of fuel 
oil to displace increasing natural gas curtailments. 
Electricity has increased only slightly in terms of per- 
cent of the total energy use. 

Sanitation und Quality cersus Energy 

Enormous progress has been made in the im- 
proved sanitation and quality of meat products this 
century, but not without cost. In processing food, 
temperature extremes are used for purposes of ex- 
tending time of acceptable product quality and, with- 
out available energy, it simply would not be possible 
to operate meat plants as is the custom today. 

In examining opportunities for energy conservation, 
the constraints of adequate sanitation and mainte- 
nance of food quality are in direct conflict with efforts 
to reduce energy. 

Exhibit VI illustrates an important consideration 
in the energy investment required in maintaining tem- 
perature extremes. As the required temperature de- 
parts from ambient temperature, the resulting energy 
investment, as a function of maintenance tempera- 
ture, is a non-linear relationship where the required 

ENERGY REQUIREUENT AS A FUNCTION 
OF MAINTENANCE TEHPERATURE 

Cold 
I 

Anblurt not 

TEMPERATURE ___Z 

EXHIBIT VI  

energy quickly becomes a dominant factor the more 
extreme the temperature departure is from ambient. 
The lesson is immediately apparent-do not go to any 
temperature more extreme than is necessary to achieve 
the desired quality. 

Since 1974, considerable progress has been made 
by the meat packers and chemical firms supplying 
sanitation chemicals to strike more reasonable bal- 
ances of extremes of temperature for sanitation for 
energy conservation purposes. 

Also, opportunities are being increasingly recog- 
nized to re-think current practices and habits to limit 
extreme temperatures in an effort to begin to balance 
for the first time the energy aspects of achieving re- 
quired quality and sanitation. Further efforts in this 
area may prove to be very beneficial to the industry 
in the long range. 

The Cook Tunnel Caper 

Exhibit VI1 illustrates an actual case study where 
a process was designed, installed, and operated for 
product quality considerations alone and where the 
energy aspects were largely ignored. A t  the top of 
the illustration is a cut-away of a cook tunnel where 
food is conveyed continuously through the three zones 
of processing. The graph below is a profile of the 
product temperature as it travels the length of the 
ccok tunnel. On the graph are three circled control 
temperature points which dictate the amount of en- 
ergy used in the preceding process. In design, the 
dry cook zone, using natural gas flame, elevated prod- 
uct temperature. The second zone was designed for 
live (direct) steam heating for only a marginal in- 
crease in temperature, while the final zone used cold 
water sprays to cool the product to a chilled tempera- 
ture. In actual practice it was found impossible to 
achieve the design control temperature at the end of 
the steam zone. In fact, the product temperature ac- 
tually decreased as it traversed the steam heat section 
which was an unexpected result, to say the least. 

In concept it was thought that the steam heat was 
an essential feature of the process but, in actuality, 
by simply turning off the steam, no adverse effects 
were noted in terms of product quality or any other 
critical parameter, By turning off the steam and the 
steam zone exhaust fan, the product temperature was 
found to be stable up to the time of cooling, and, 
thus, the elimination of steam actually made product 
temperature track the design temperature much more 
closely. 

The reason the steam zone was permitting product 
temperature to drop was that, in order to prevent 
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f 

steam vapor from migrating into the chill water zone, 
the exhaust fan of the steam zone had to more than 
compensate for the volume of steam vapor added. This 
produced a condition where chilled air from the chill 
section was being sucked into the steam zone and 
this was responsible for product cooling. Had it been 
possible to confine steam, the process may have 
worked as designed. 

The resulting action was to turn off the steam per- 
manently and this 1) gave product temperature much 
closer to that designed, 2 )  caused no problem in prod- 
uct quality, and 3 )  resulted in a significant reduction 
in energy use for the proces.  This case clearly illus- 
trates the vaIue of making energy use considerations 
an integral feature of the process design. 

r - Tempered Water, 90% 

Ment Reco-uery in Aleut Packing 

Thermal processes in meat packing produce various 
waste heat discharges that, until recently, were most- 
ly discarded to the environment and were considered 
useless. As energy costs increased and supply became 
more of a problem, these sources cf waste heat were 
increasingly captured and used for their heat values. 
Fortunately, meat packing require7 rather significant 
quantities of hot water at various temperatures, and in 
some plants up to half the fuel use is uItimately con- 
sumed to simply make hot water. Thermodynamically, 
it is wasteful to ignite a fuel and burn at  2,000”F, to 
produce steam at 350°F to heat tap water to 140°F. 
but that is exactly what many plants do right now. 
Instead, available lower quality waste heat can pro- 
duce the same result. 

Exhibit VI11 illustrates four boxes that represent 
the four basic classes of heat recovery systems now 
utilized in meat packing. They are shown in descend- 
ing order of quality, that is, the temperature avail- 
able. In  the lowest box, waste heat from refrigera- 
tion systems are exchanged to make tempered water 
from cold tap water utilizing shell-and-tube heat ex- 
change equipment. The waste heat is thc latent heat 
of ammonia being condensed for use in the plant’s 
refrigeration system. Such an exchanger supplements 
or wbstitutes for evaporative condensers commonly 
seen on the roofs of meat packing plants. 

The nest higher quality of waste heat, shown in 
Exhihit VIII, is the largest source of heat a t  any 
5laughtering plant which has rendering. Vapor from 
rendering is, in effect, atmospheric pressure steam 
that is put through a shell-ancl-tube heat exchanger 
and the vapor is condensed, thus releasing the latent 
heat in that vapor. Water can be so heatcd using ei- 
ther c.old tap water or using already tempered water 

The third heat recovery potential shown in Exhibit 
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VIII is refiigeration dc-superheating. This is much 
smaller in totaI quantity compared to the first two 
waste heat sources mentioned above, but it is ot 
higher quality, that is. it is higher in available tern- 
perature. A p i n ,  water can be heated in a shell-and- 
tube heat exchmger using the sensible superheat of 
hot gdS ammonia as it is discharged from the am- 
monia compressors 

The fourth heat recovery process noted in Exhibit 
VI11 is singe1 exhaust, iiotably in hog slaughtcring 
plants. This waste hot air is of low quantity but is of 
uniquely high qudity for heat recovery purpofe\ be- 
cause of its high temperature and relatively clean 
properties. 4gain, shell-and-tube heat exchanger or 
economizer devices, as adopted for boilers, can ef- 
fectively heat water to temperatures as hot ‘1s may 
ever be needed. 

The process of utilizing heat recovery in series ‘is 
shown in Exhibit VI11 is known as “cascading,” and 
it provides opportunities to maximize heat I ecovery 
and providc hot water at varicius temperatures as rc- 
quiied by the plant. Each heat recovery c m  ah0 be 
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applied to air heating where that option is desired 
and is possible. 

The practice of heat recovery in meat packing is 
now widespread, whereas it was not widespread prior 
to 1973. All of the four classes of heat recovery noted 
in Exhibit VI11 are now in practical use in meat 
packing, but mostly individually or at best only with 
two cascade uses. In the future, it is expected that 
multiple heat recovery will be utilized with increas- 
ing use of cascading where possible to recover the 
maximum amount of waste heat. Collectively, such 
systems represent the single largest potential for re- 
duction of fuel use for plants not recovering waste 
heat using currently available technology. 

Axioms for Effectiue Energy Conserzjation 

The meat industry can be fairly characterized as a 
low profit margin business where plant locations and 
output are greatly influenced by factors outside the 
control of the industry. i\ practical result of these 
conditions makes cost control, including minimizing 
energy costs, a high priority activity but with neces- 
sarily a very short-term view. 

It  can be fairly stated that the meat industry has 
made considerable progress in improving energy effi- 
ciency in this decade, but it is also true that poten- 
tials for further improvement also exist. In fact, many 
plants have yet to fully accept energy conservation 
at  its proper level of priority and, especially for these 
plants, numerous opportunities remain to conserve 
energy. 

Exhibit IX provides some tongue-in-cheek “axioms” 
that, if accepted as an integrated package and fol- 
lowed, will tend to put energy conservation into its 
proper perspective. These axioms, in a way, are gen- 
eral in that they apply to all uses of energy. 

As a means of explanation the first axiom, “If you 
don’t need to, don’t do it,” is a left-handed way of 
saying all actions take energy and, as a first considera- 
tion, be sure that action is necessary. As a personal 

~ 
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observation of our way of life, Americans have be- 
come a wasteful people, due in part to thc ready 
availability of low-cost resources. We still have habits 
that, if viewed strictly from an energy conservation 
viewpoint, are absurd and obviously wasteful. Exam- 
ining our actions from a standpoint of energy use and 
necessity is one of the most fundamental methods by 
which greater energy efficiency will be accomplished. 
In meat packing plants one of the more obvious 
abuses of energy use is leaving things on when they 
are not in use such as lights, conveyors, water hoses, 
and cooler doors left open. The universal rule is 
“turn off anything that is not in use,” and this is in 
direct conflict with the erroneous notion that it is 
better to leave things on especially for short periods 
than to turn them off and on. A few exceptions to 
that may be found but surprisingly few. 

The second axiom noted in Exhibit IX is “First use 
what you have.” I t  is more efficient to utilize fullv 
what resources are already available than to discard 
them for new. One important example of this principle 
includes utilization of plants at full capacity, so as 
to minimize energy input per unit output. All plants 
have a large fixed base load of energy need. As pro- 
duction increases, relatively small incremental in- 
creases in energy are required relative to output vol- 
ume increases. Another example is to utilize dis- 
charged energy for lower quality energy needs as re- 
viewed by the cascade heat recovery system in Ex- 
hibit VIII. 

Another axiom, often ignored, is “If you want to, 
be sure you can.” A more formal title would be “tech- 
nical feasibility.” In pursuing energy conservation it 
may be self evident to first consider whether or not 
you can put your plan into action and establish that 
it will indeed really save energy as expected. It is 
amazing to see how often this consideration is dis- 
missed in pursuit of magical cures or overly simplis- 
tic solutions to save energy. Actions in the name of 
energy conservation that ultimately do not save ener- 
gy are not only a useless exercise but they are waste- 
ful of the resources used to implement them. Prudent 
examination of the realities of actually saving energy 
by some new idea has proven to be a wise use of 
time and effort. Energy conservation is a “hot” topic 
today and more unproven ways to save energy than 
anyone could believe. 

The fourth axiom noted in Exhibit IX is “Make it 
worth your while,” that is, make energy conservation 
economically feasible. It is altruistic to go ahead with 
a solar heat collection system to save fuel oil when 
that project will not pay back for 30 years, and such 
acticns in reality are very poor business decisions. I t  
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has been interesting to see decisions to install obvi- 
ously uneconomical energy conservation made for 
patriotic reasons which, in reality, amount to nothing 
more than a publicity stunt. Special relaxed paybacks 
fcr energy conservation can accelerate an energy con- 
servation program but they can have the unfortunate 
effect of skewing capital availability and diverting 
money into less than optimum channels. I t  is unfor- 
tunate that uneconomical decisions are, in fact, being 
made in the name of energy conservation when a 
more critical analysis of energy conservation poten- 
tials may reveal clearly more profitable ventures 
which would save more energy at less cost. 

The final axiom is, “Don’t cause more problems,” 
that is, do not create more problems than are solved 
by an action taken in the name of energy conserva- 
tion. Implementation of many energy conserving ideas 
involves compromises with other equally legitimate 
needs, be they quality, safety, or human comfort. For 
example, you can set the air-conditioning thermostat 
in summer at 82°F and save a considerable amount of 
electrical energy as compared to a setting of 78°F. 
The consequences of that action in a high humidity 
condition would be to reduce worker productivity 
that could more than offset the energy savings. Energy 
conservation that does not constrain other objectives 
is the proper path to follow. 

Summary Comments 

The meat packing industry has made considerable 
progress in energy conservation in the 1970’s, but 
despite this record, opportunities continue to be real- 
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ized that offer more potential. Present conservation 
efforts in the industry can be characterized as short- 
term with rapid paybacks. As long as such opportuni- 
ties exist, as they still do, they will be pursued instead 
of longer term or more fundamental changes in doing 
things for energy conservation reasons. In this en- 
vironment, the progress in meat sciences can best 
contribute to the industry’s energy conservation effort 
by incorporating into every research project or planned 
actions, these additional considerations of energy use 
and conservation potential. In many cases, such ener- 
gy considerations will add an entirely new dimension 
to the field of meat science, but it is a dimension that 
can no longer be neglected. 

Note : Meat Industry Energy Conservation Reports as 
jointly published semi-annually by AMI and 
NIMPA are publicly available from both the 
United States Department of Energy or from 
the American Meat Institute, P.O. Box 3556, 
Washington, D.C. 20007 
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