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PREFACE

Jene K, Mesa-Dishington, David M. Barbano, and Richard D. Aplim are former
greduste student, Department of Agriculturcl Economies; Associate Profassor of
Food Science; and Profecsor of Agricultural Econmeomics, College of Agriculture
and Life Sciences, Corncll University, respectively.

This publication is the seesnd In & series of publicatisns on Cheddar
cheese manufacturing coata. The saries of publications will report the results
of a major rescarch effort almed at helping te answer the following jqusstions:

How deo aged Cheddar cheese plants in the Hortheast diffzr from plants in
Visconsin, Himmesota and other impsrtant cheese-producing states with respect
to efficiency and other key Ffactors affecting thelr sconomic performance? How
much doe operational factors, such as number of operating days per week, number
of shifts per day, yield potantial of milk supplies and recovery of seolids at
the plant, affec:t the coatas of predustlieat What are vhe differsnces in costs
ameng plants waing the most modern commercial bechnologiss (e.g., continuous
aystema) and those using mores traditional bakch systems for manufacturing Ched-

dar cheese? How larpge a coat advantage do large Cheddar cheese plants have over
smaller-acale plants?

Subsequent publicatiens will address the following guestions: What would
be the impact on mamuifacturing cests of using ultrafiltraktion or reverse ocsmosis
processes on milk im Cheddar cheese plants? What 1s the feasibility and what
would be the impact on plant costs of using seome of the production capacity in
Cheddar cheese plants te produce other cheeses ineluding perhaps, some specialty,
European-style cheeses? In other words, what are the growth opportumities in
the othetr cheeses for the Cheddar cheese industry as it faces increasing com-
petitive pressures?

This publication reports the results of using the zconomic-engineering
apprﬁ;:h to estimate and unuly:e th= production costs of a lu!EE variety of
Ch=ddar cheese operations. A major chjective was teo provide eatimatezs of achiewv-
able costs for efficlient plants and to assess the cost impacts of different plant
gizes, various preduction schedules and scveral current manufaeturing technol
pglea,. An earlier phase of the rescarch imvolwed the study of 11 plants operat-
ing in the Northeast snd North Central regioms. The study of the 11 plants is
reported in & companion publicaticn entitled "Ecoromic Ferformance of 11 Cheddar
Cheese Mamifacturing Flants in Forthcast and Forth Central BRegions.™ It provided
insights and information on Cheddar operations that werce wvaluable in budgeting
the costs reported herein.

4 second objective of this phase of the study wae to provide a baesle fox
determining the cost impacte of adopting new, oncoming technoleogiss, especially
reverse osmosis and ultrafiltration, in Cheddar cheese manufacturing. Work has
begun to superimpose new milk concentratiom technologies (i.e., ultrafilctra-
tion, reverse osmosie and enerTgy efficient HVE evaporaters) on a number of the
model plants described in this publicatiom.

5till a third objective wae te provide a basis for assessing the feasi-
bility and desirability of ueing some eof ths capscity in Cheddar plants te
produce speciality cheecses. Work slse has besn on this phase.
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DIGEST AND NIGHLIGITTS

The primciple objectives of this segment of the atudy were to estlimate
production coesta of cheddar cheese manufacturing and te assesa the cost lmpasts
of differemt plants sizes, warious preduction achedules, and asveral current
pmanufacturing technelegies. A secondary objective was to provide a basis for
later phases of work om the probable impacts of adopting new techmologles on
cheese manufacturing costs, easpecilally reverse osmosis and ultrafileracion, as
well as assessing the impacts on plant ceata of manufacturing some specialty
cheeses in cheddar plants,

Froduction costs were budgeted for 783 different basic plant designs using
the ecomomic-enginesring approach. Six plant sizes, nine diff=zrent production
schedules, five cheesemaking technologies and three hooping/packaging systems
were used to form the plant combinations needed For the cost estimation. Data
from a survey of plants completed in the first phase of the study, an enginecrc-
ing consulting firm, equipment manufacturers, product supplizrs, plant managers

and other sources of information were used in the plant design and cost estimat-
lon procedures.

The aversge costs calculated in this mannar Lodicate what could be expect-
ed with a new plant, englneered according to the specifications of the design
and operated according to the assumed, achlevable standards, For any given
plant design or operating schedule, costs that would be achieved in an actual
secting would vary with the quality of management and labor, actual prices paid
for fized or variable imputs, and milk compositiom and quality factors (which
affect chesss yleld). The effect on average cost of any of these real-life
factors could be wery significant; nevertheless, this study demonstrates the
importance of scale economles and operating aschedules when the viclssltudes of
managenant, ®ilk quallty and zo on, are peutrallzed.

RESULTS

Eroduction Costs
Production costs per pound of cheese ranged between 10.7 and 30.1 cents

for model plants of different sizes, production achedules and manufacturing
technalogies.

Economies of Slze

Large sconomies of size were observed in cheddar cheese production regard-
less of techoology or operating achedule. Flant size was by far the most laport-
ant factor affecting unit costs of production inm the model planta. For exanple,
as plant size doubled from 430,000 pounds to 960,000 pounds of daily milk capacicy,
average production costs per pound of cheese decreased by abeut 30 percent, every-
thing else ataying wnchenged, If the plant size were to increcase by a factor of
five to about 2,400,000 pounds, the reductlon in unit cost would be approximacely
50 percent over the 480,000 pound plant.

Production Schedules

Production echedules aleo had an important impact om the sverage cost of
production, As the number of operating days per week or the nmumber of product-
ion hours per day increased, the sversge production costs per pound of cheese
decreased becouse of the higher utilization of plsnt capacity.

Changes in the dally schedules of production hed s relatively larger
impact on production coete then similar changes in the weekly schedules. For
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example, plants were modeled te have the same level of plant utilizaetion (71%}
with two different production sehedules: 5 (24 hours/day) days per week and &
(21 hours/day) davs per week. The 5-day, 26:-hour production organization had a
lower cost than the &-day, 21-hour production orgamization. Increasing the
mumber of hours of producticm st the plant from 13 te 4 hours reduced average
costs by 15%, while incressing the number of operating dava from 5 to 7 days
per waek reduced the costa hy shour A%

Capacicy Urtilization

The obzerved size effectz in cheddar cheese manufacturing often affset thr
expense of operating larger plants at lower levels af plant capacity utilization
In other words, it was gemerzlly less cestly te produce cheese in a largs plant
that was underutilized than it was in a amall plant rumming at peak capacicy. This
was particularly true at lewer productiom lewels. For example, a &80,000-paund
plant operating 5 days per week and 74 hours per day produces as mech chaass par
year (12.5 millien pourds) as a 720, 000-pound plant operating 5 days par waak
and 18 hours per day. Hewewer, the average costs for that 480, 000 pousd svsrtem
wara approvimately 10 percent higher than the costs for che 720,000 2ound plant,
Likawizsr, a '}Eﬂ,ﬂﬂﬂ-pﬁuﬂ:‘. p'l Ank npaTating 5 -Hn_-,rs and 248 honrs mansfacturss the
zame volume of chesze per year (25 million pounds) as a 1,440 000-poomd plant
operating 5 days and 18 houre. However, the larger plant had a & percenk lawar
cost then the smaller plamt. It appears that the relative coat zavings are zmal-
ler as the size of the operations increase.

The cbservatlon that a given volume of productiom could be producad at a
lower cost per pound of cheese in a larger operation than in a smallar ane,
ganerates many implicaticnes for the industry. It suggests that firms thet can
market only limiced wvolumes of cheddar cheese and comtemplating comstraction of
a plant, perhaps should bulld a larger plant and operate it at less than capac-
ity instead of bullding a smsller plant and operating it at capacity. An addit-
lonal possibility that comes from this situation 1z that the larger plant might
also use the cheddar down days to manufacture other cheese types. In Ehis case,
the cheese operation could perhaps taks advantege of both the ecomomies of =izs

and the economies of operating a plant at a higher capaclty producing relatively
smaller volumes of various cheeses.

Technologies

In general, differences in cheeseoaking or hoepingspackaging technelogies
had a relatively small impact on the costs of proeduction. The stamdard cheddar-
ing technology and the regular 40-pound hooping/packaging techaology were the
highest cost production techmologles studled. The other four cheesemaking
technologies--the automatic cheddaring, the advanced cheddsring, the stamdard
stirred curd and the advanced stirred curd--resulted in similar costs. As the
size of the operation increased, the cost differences among these last four tech-
nologies became much smaller or nonexistent. The 40-pound block former and che
640 with conversion to 40 pound blocks alse resulted in similar ceosts for most
plant sizes.

Labor was the most important component of the produstien costs and more
important in smaller plants than in larger ones. Labor represented between 42
and 58 percent of the total productiom costs for the smaller size plants while
labor sccounted for between 24 and 36 percent of the production costs in the
larger size plants. Annual capital costs were lower than lsbor although they
were still significant in cheddar cheese manufacturing. Capital costs repres-
ented between 9 and 23 percemt of the production costs for all model plents of
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all sizes. On the other hard, costs of materials reprezented between 13 and 20

parcant in the smaller size plants snd =z high s= 40 percent in the larger

npatrations. Lebor, capitsl snd meterisls sccounted for shout 80 to A% parocent
6f the production costs,

For the most part, the different plant relationships ohzerved hetween
systams in the originel models did mot wnderge important chanpes vhen different
cheese yields, inferest rates sod wage rates were considerad.
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CHEIDDAR CHEIESE MAMUFACTURING COSTS
ECOMOMIES 0F SIZE AND EFFECT: OF DIFFERENT CUORZENT TECHNDLOCIES

IMPORTARCE AND CHAMGING HATURE OF CHAEDDAR CHEESE INDUSTRY

In 1984, twenty-nlne percent of the milk received by plants in the United
States was proceazsd inte chesse. GChesss repressnted 47 percent of the milk
uged in manufactured dairy preducsts. During the paat 25 years, the production
of cheese nearly doubled while the production of butter declined and the pro-
duction of othar manufacEured da.i!r.'}" products such as iece cream incrcascd only
moderately.

Cheddar Cheoese Production

Cheddar cheesz has been, and continues to be, the number one cheese variety
preduced in tha United States. Total production has inersased more than 136
pereent duriag the last 25 wears, from 804 million pounds of cheocse in 1960 to
2,113 milllion pounds in 19B4. Currently, Cheddar produstion accounts for ap-
proximately 45 percent of total cheese and 30 percent of American cheese pro-
duction (Tabla 1).

In general, Cheddar cheege preductien can be classificd inte two broad
catezoriss: bloek Cheddar cheesse, ineluding short-hold and lonmg-hold Cheddar,
and barrel Cheddar chesse. The distinetion between these two groups s Iwpere-
ant because the nature of the product, the mamufacturing process, and the
production ccopnomics are someowhat differcnt. Block Cheddsr is & high-meisture
chaese and a more consumer oriented product. Om the other hand, barrcel Cheddarx
ie a low-meisture cheese which ie used mainly as s raw material iec cthker
procepeas. Unfortunately, most statistice report Cheddsr cheese information

anly as one group and do not makes a clear distinetion betwaeen block Cheddar
and barrel Cheddar.

In racant yaars, Chaddar cheese production has undergone meny of the same
adjustmente observed in the overall cheese industry. The mumber of plants has
decreased, while the swerape producticn per plant hse increased as new tecsh-
nological advances have been adepted rapidly in mamy plants.

The reduction in the mumber of plante hee been wery impertant in the
cheesse industry during the last 25 years (Figure 1). In the United Statas,
tha tumber of cheese plants decresced more than 50 percent, frem 1,419 plancs
in 1960 ta 678 in 1984 . The reductlon in plants was mot proportiomal in all
reglonsz. For example, Wiscongin, which traditiomally had a large mumber of
small plants, had a reduction of more than 60 percemt. The decreazse Iin Hew
¥York waz much closer to the natiomal average, whereas Mimnesota did not exper-
iemce much change in the number of operations,

A significant increase In the average productien per plant alse has taken
place during the laszt two decades (Figure 2. Average production =cill 4if-
fars ameng regions, although the relative increase in production has besn some-
what zimilar. Wizconsim, Minnesots and New York, the three largest chesze
producing states, had between & sevenfald and sightfold incresse in srearage
plact production between 1960 and 1984, Minnesota combtinues So have much larger
average cize operations than Visconsin ar New Yerk. Ry 1984, Minnesora cheese
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Table 1. Cheddar Cheese Production in the United States, Few York, Wirnesota, snd Wisconsin {(Selected
Yosrs 1960-1984% .,
United S5tsitez Kew Yorlk HMinnesota Wisconsin
Share Share Share
of U.5 af v.5. of 0.5,
Year Production Production 0.5 Ranlk Production .5 Bank Production U.5 Rank
(Mil.Pounds) (Mil.Pourds) (%) (&) (Hil.Pounds) (%) (&) (Mil, Pounds) (%) )
1940 894 .3 ig.3 & 3 ] 49,6 5.5 L1 418.5 6.8 1
1965 1007 .6 18,3 3.4 B 63.6 6.3 3 482.0 07 & 1
1970 1182 .4 A0 .4 3.4 & 100, 2 8.5 2 3699 4.2 1
1975 1205.0 2.2 4.3 3 235.1 19.3 2 a02.2 8.7 1
1974 1524 .1 75,4 4.9 3 276.1 13.1 2 Bol. 5 43 .4 1
1977 1317.5 L) 4.9 3 261.6 17.2 2 92,4 45.6 1
1978 1505.5 T2 5.1 3 277.0 18.4 2 705.8 LT 1
1979 1507 .3 El.9 5.l 3 a0s.4 19.3 2 733.3 45.9 1
1940 1750.% 1.1 4.1 3 333.2 19.0 2 Bo9. 9 46,3 1
1941 19331 [} ) 3.5 3 368.35 192.1 2 B5&,7 44 .2 1
19482 2157 .5 71.7 | & 3B9.5 18.1 2 BE5.8 41.1 1
1943 72351.4 8.5 3.3 & G054 17.2 2 951.2 50.5 1
1584 2158 .6 3.3 5 iT6.6 17.8 2 BF¥5.0 41.4 1
Foutres!  Adapeed from U5, Department of Agricul ture. DgL;EdExnduﬁEﬂ_;_ﬁnnuﬂl_ﬁummﬂII. Crap HEﬁéfEing -

Bonard, EStstisticsl Reporting Service, {(selected {ssuss).
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Figure 2. Average Chieese Planc Production in the United Scates, Hew York,
Hinnssota, and Wiscornsin {Scolectod Years 196a- 1964 ] .
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operations produced an average of 22.4 wlllion pounds of cheese per year, while
Hew York plantsz produced an everage of 9.8 milliom pounds, and Wiscomsin
plants 5.7 million pounds,

Reduction in the number of plancs, reglortal shifcs in production, and
changes 1n the slgnificance of cheese to the dalry industry, alsoc have been
accompanled by an increase in mechanization of the cheese operations and rapid
adoption of mew technologies. Implementaticon of labor-saving devices, or
other cost-saving techniques, and the imscallstion of modern, automaced equip-
ment have pcourred during the last decade., Lerger and highly automeced plancs
have replaced wany smaller and older plapts. Cheese plants of 2 size not
previoualy realirzed are being built or reported to be built in the near futurs
in some regions of the country, specislly in the Nerth Central region and
Califernisa. The incresse in the glse of the plants and the large investment
zoet of starting up operatioms bave crasted & naw aconcmic realicy for the
chaasa induatry. Are the pew, lerge plante taking advantage of a ghift in the
relative cost of lahor snd capital snd experiencing lavger cconomiss of eize
than previouzly pereceived? Or, are there other economle juselficarions?

OBEJECTINES OF STUDY

The primary cbjectives of this phase of the studv were az Follaws-

(1) Te estimate the costs of marufacturing Cheddar cheese in effiriesnc
plante in order to measure the cost effects of plant size, warious

{



production technologies in use today, and different oparating condit-
lomns .

(2% To provide the basis for future work aimed at snelvyzing new producs-
ion technologies, especially reverse osmosis and ultra- filtracion,
g5 well as assessing the feasibility amd probable impacts on plant
coste of manufacturing some specialty cheeses in Cheddar plants.

METHODOLAOGY

o darations

Estimation of plant cost relationships has been done for many diffarent
rroducts using diffarant approaches. In genaral, cost estimation approachas
fall into ome of thres bhroad categeries: 1) deaseriptive analysis of account-
ing data, which mainly invelves comhining point estimaces of awverage costs inta
various classes for comparatiwe purpeses, ?) statistical analysis of sccounting
data, which attempts te estimate functional relationships by econometric methods,
and 3) the economic-enginesring appranach, which "synthesizes® cost ralationships
from technical enginesring data on factoer usages, factor prices and other esti-
mates of the componentz of tha cost functions,

Fach methed has s advantages and dizadvantages. The computatienal pro-
cedures invalwved in the accounting data approach are straight forward and simple.
The popularicy of the deseriptive amalyszis relies mainly on its use of actual
data and the interest among plant operators in comparing thelr own cost exparisnce
to the experience of athars, However, there are significant limitations to the
accounting data approach, Mfferences amang plants in record keeping and account-
ing classgification; as wall as differences in manapgerial efficiency, scale, pro-
duction mechods, 1iapuet prices, dapres of plant ucilization and other conditcions,

make eross classifications and comparisons of limited walue in determining the
importance of individual cost-influencing factors.

The statisztical analysis uses much of the same date ss the descriptive
analysls with the difference that the former tries to develop guantitatiwve
ectimates of cost functicns. Scme of the weaknesses of the statistiecsl method
are: 1) the dats lizitations and defects which usually lead to biased esti-
mates, 2) its inability to clearly isolate the effects of wvarious cost-influ-
encing factors (e.g. changes in scale or utilization of the plamt), and 3) its
extreme zensitivity to the functional form chosen for estimatiom.

The alternative to the descriptive and the statisticsl analysis cof plant
accounting data is to synthesize cost functions from engineering input-eutput
specificationa. Thisz approach is known as the synthetic or econonic-engineer-
ing analyaia. It focuses exclusively on technical ecomomies since input prices,
managerial effectiveness and other factors can be held constant across all plants
modeled. The technigque allows for compariscms among systems where different
physical and operational characterlstics sre standardized or varied systematically.
For thiz reason, it is appropriate to the estimation of economies of size and
the minimum efficient size plant. Moreover, the econcmic-engineering approach
gan be used for the analysis of afficienc plants or systems that may noC actually



axist but which are achisvable. This iz very valuoble for evaluating costs of
naw manufscturing techniques or wvariatioms of current operations. Some find
objecticnsble the artificial aspect introduced with the synthetic approach.

The probability that operational efficienciecs may be influenced by unidentified
factore which are mot evenly distributed amonmg planmts is ancther shortcoming of
this mwathed. The technique is also more sensitive to omitting somc costs because
thay ars never ldenclfied. This should lead to caution in the use of fimal o

sults., Howawver, the main strength of the estimates still lie= in thelr compar-
ability,

Given the objectives of this study, especizlly in determining the effecte
on coste of differemt plant slzes with various cperational proceduras snd tech-

nolcgiesz, the economle-engineering approach was chosen to estimate production
costs .

C ola Dsad

The major objeetiwve of the work reported herein was to estimata the ccets
of mamifacturing Cheddar cheese in efficient plants in order to measura the
enst effants of plant siza, varions production technologies in use today, and
several operating conditioms. The data and insights obtaimed in the survey of
11 aetual plantst, tegether with tha fnput of an engineering consulting firm
(Mead & Hunt Ine, Madison, Wiscomsin), provided the basis for using the eceon-
omic-enginearing appreach. A large mumber of hypothetical plants were modeled
to provide the nasded cost budgets and cost comparisons. The model plants

also prowida the basis for the future work plsnned in the overall Cheddar
cheeze production research. -

Using the economic-enginesering approach, a total of 783 plants were budpated
to determine the production costs of different systems. Five cheezenmaking cech-
nologies - standard cheddaring, standard stirred curd. automatic cheddaring,
advanced stirred curd, and advanced cheddaring - were considered. &lso three
hooping/packaging technologies--regular 40-pound, 640/40-pound and cutting line,
and block former--were studied. These production technologies were integrated
into six different plant sizes operating with pipe differert deily and weekly
production schedules.

4= applied in this study, the economic-engineering techmicue consisted of
three steps. First, a careful investigation of the production process was done
to comstruct a flow dlagram of the operation., The plant was divided into oper-
ating centers which are easzlly ldentifiable., The selection of a matched group
of these operating stages or centers, which in the aggregate form a full-scale

liens E. Mega-Dishington, R. D. Aplin and Dawvwid M, Barbano, "Ecomomic
Performsnce of 11l Chaddar Cheasse Mamifacturing Plants in Hertheast and Horth
Central Regions™, A.E. Res. No., 87-2, Department of Agricultural Ecomomics,
Cornell University, Ithaca, NY, Jamiary 1987.



cheese plent, was a marter of beth logle and econvenience, depending on tha

importance of the individwal operatione and hew they fir in®e tho overall flow
of products and materials.

In the second step, the different methods of performing the operations at
each center were identified and selected. Then the cost of processing activi-
ties for each individual center were estimated. When the functions in one
cemtar could be performed in several ways, the cost of asch altarnative wae
estimated separately. The cost for sach operating centar or etape was saleul-
ated at differemt output ratez Eor the whole range of plant sizes considered
in the study. At each specified volume, it was then possible to idemtify the
legst-cost technology sssociasted with sach center.

In the third step, tha rosts from sach canter were summed along with
certain ovarall cost components not associated with specifiec stages. Thar
total, on a per vnit of production basis, represents the total averapge cost
for each plant. Selecting the minimum total average cost for processing each

gpecified wolume of production provided the data to form the long-run average
cast curve Eor the industry.

OPERATIRG CENTERS

A flow diagram for the production of Cheddar cheese is presented on a
processing center basis in Figure 3. The boxes represent mamifacturing centers
and the arrows indicate the path followed by the production process. Additional
plant operating centers that support the cheese production process were also
consgidered. They include the laboratory. dry storage room, refrigeration,
maintenance and boiler room, clesning (CIP)}, waste treatment room, water well,
offices, lockers and restrooms, and lunch room.

Baw milk arrives at the plant in bulk tenk trucks. It is tested, weighed
and then held in temporary storage in the milk silos. When milk is peeded for
processing, it flows from the silos to a treatment area where it passes through
the high-temperature, short-time pasteurizer ([HTST).

Pasteurized milk is filled inte cooking vats in the cheesemsking center,
The formal cheesemaking process begins at this peint., Tweo production routines,
presented in Figures &4 and 5, indicate the individual steps thet are performed
sequentially in & timely fashionm te marnufacture Cheddar cheese. Productiom
procedures are strictly follewed, snd the duration of each step is very comsist-
ent from vat teo vat within a plant. Time differences at differeant stages oceur
among plants which are determined by technolopy, specification of equipment
used, and marufacturing practices in each cheese operatiom.

Starter is added to the pasteurized or heat-treated milk soonm after the
£illing of the cheese vat iz initiated. Starter culture is added te form
lactic acid in the milk which is the first important facter in controlling the
moisture in the curd and the texture of the cheese. BShortly after the wvat is
filled, cheese color and calcium chloride (CaCls) may be mixed inte the wat,
and rermet is added to set the milk.



Figure 3. Flow Diagram for Che Production of Cheddar Cheasa.
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Figure 4. Time Scheduls for Hﬂ-lﬁil‘lg Cheddar Cheese from Pasteurized and Heat
Treated Hilks Using a Cheddaring Process.
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Figure 5. Time Schedule for Making Cheddar Cheese From Pacteurized and Haat
Treated Milks Using a Granular or Stirred Curd Process

Rilpening 1
the Hilk
30
minutas
Secting 3 7
the Hilk 1
25
* minutes
Cutting 1
the Curd 15
. minutes %
Cooking - 1-3/4
the Curds e hours
i 315
minutes
Draining j
the Whey 3 L-1/2
A _3u »  hours r hours
minutes
Stirring il
the Curd S
1-1/%
i hours
Salting
the Curds 15
r mimites
Block Forming
a o a0 g
minutes
FPeckaging
an
* minucas
Fresh Cleese
Jource Adapted from observed currenc manuiacturlng preccices; Hosikowsid,

1982, Lilwall, 1971; and Wilster, 1964.

10



When the eurd hes the proper consisteney or firmneas, it iz cut to allow
the whey to cscape from it. The amaller the piecea of curd, the faster the
wney cacapes. The cutting proceas 1a the second important step in controlling
the amount of moisture in the curd. After cutting, the ecurd s allowved to
heal and ther is gently atlrred, Gooklng or heatlng the curd follows to
promote whey removal and contlouess until the cubes become sufficlently firm,
When this precess ia finlshed, dipplog or draining of the vhey begins,

Soor. cfter that, the curd and some of the whevy sre transferred sicher to
cncloscd selting finishing wats, open finishing tables or to autematie ched-
daring machinegs. The coeking wats are then rinsed and prepared for ancthers
batch. BRegardleas of the technologlcal evstem that Is used at a particular
chesse planc, the manufacturing process alwavs flows at the same pace to allow
for a smooth and continuous operation and a comnsistent product,

If Cheddar cheese is made by the stirred curd process, both the stirring
and the salting of the curd are done in end-door finishing wats or in enclosed
salting finishing vats (EFVs).? 1f the chease is manufactured from cheddared
curd, the curd is matted, cheddazed, and milled using different methoeds, Thsz
nilled curd may need to be moved to finlshing vats where it is stirred and
salted, depending on whether the cheddaring system operates in a two-tiesr or a
three-tier system.

Cnce the proper acidity has beesn developed in the curd during either the
stirred curd or the cheddaring process, the curd is saltsd and placed in
bowps. Hex:, the heoped curd is transferred to presszs. LE cthe plant uses &
Llock former instead of hoops, the milled and salted card is pumped to the
block Zormer(s) located at the end of the cheese processing Line. A&fter che
curd is hooped {or formed) and pressed, the blocks of cheese mowve to the
packaging arsa where they are sealed in plastic bags under high wacuum and
placed in rigid cardboard boxes. The cardboard bokes of fresh cheese are
placed on pall=ts and then moved to the chllling storage room so that the
cheese can bz rapidly cosled, aAfter about ten days, the cheese Ia moved Into
warmer refrigerated storage for curlng or for shipping to market aa fresh
Cheddar chaese.

Unseparated whey goss through a flne saver unit and then it can be sep-
arated, Whey collected from the mamifacturing process is passed through a
separating center where fat is removed from the whey as whey crecam.  Then, the
whay cresm s pasteurized, cocled, and used in other operatlons or eold. The
[ialshed whey product is determined by the type of whey procaseing equipment
available at the plant and the market conditions for different vhey classes.

Seweral whey processing optioms ara avallable to manufacturers. The most
sipgnificant arc: condensing to produca condansed whey (408 selids); partially
concentrating to produce partially concentrated whey (less than 40% solids);
drylng te producc powdered whey (prads A and andmal feed); and frsetionacing
by ultrafiltration to produce whay protein comcentrate and lactose. After the
sraceasing of the whey i complatad, the product is peckaged end stnred in
teadiness for shipment to market.

2EFV ie a trademark of Dsmrow On,
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EQUIEMENT TECHNOLOGIES

Fifteen different techmwlugical systems for cheese manufacturing and
three processing systems for whey production arve considered In the economic-
engln=ering phase of this study, The characterlstics of these systems are
Indicated in Tables 2 and 3. Basically, all cheese plants conslidered have the
game opearating centers with wvarlations only Im the cheesemaking center and Ia
the houping or block forming center.

Enclosed chesse or coocking vats are used in all the cheese operations
modelad. The plants are assumed to operate smoothly and continuously so that
when one cheese wat is full, another becomes ready for filling. This sequence
continues all through the day’s operatiom uwmtil the last vat is made.

Five different cheesemaking methods - stamdard cheddaring, standard
gtirred curd, automatic cheddaring (i.e. DHMC), advanced stirred curd {(i.e.
EFVs), and advanced cheddaring (i.e. Alf-u-metic] - are considered together
with three hooping or block forming procedures - regular 40-pound block, 640-
pound block with conversion to &0-pownd blocks, and contimwous block former
to form the total range of systems included in the study (Table 2).

The standard cheddaring system is a two-tler system and a labor intensive
cheege production method. The curd is transported from the cosking vats to
ocpen tablez, where it iz cheddared, milled and galted by hand (working over
the zides of the tsblesz).

The standasrd stirred curd system 1s alse a twoe-tler syztem, The curd is
pumped from the cheese wats to open finishing vats equipped with an owverhsad
Lraverse aml rolating agitalteors. QOurd is stirred contimwcusly instead of
cheddared. Salt is then added to the curd when it has developed the proper
acidity and both are mixed well.

Automatic cheddaring is a three-tier system and & more sucomated cheddar-
ing procedure. Curd is placed on a draining matting comveyor machine tDHC}3
with Lwo muving belis. As the upper belt travels, whey drains off continually
through the belt amd the curd mat beging to form, When the mat reaches the
end of the top belt, it is picked up, upslde down, on the lower Lbelt, wharsa
the last whey is drained off. During this time, curd temperature s walntaino-
ed and the starter culture is producing acid. As the mat of curd arrives at
the discharge point on the lower belt, it is cut to a desired size in a Tecip-
rocating drum type curd mill. The milled curd then is blown to a £inishing
table te be salted.

&n advanced stirred curd system is a two-tier system that uses automated
enclosed salting finishing wvats (ETVs) rather than open finishing tables. The
stirrving and saltirg of the curd is alse done In the same va:z,

Finally, the advanced cheddaring system is & two-tier contiousus product-
fon system. Curd is pumped to an Alf-o-matic machine® with four CONVeyora
assembled above cach other that drain, mat, mill, and salt the curd.

ITrademark of Damrow Co.
4Trademark of Alfa-Laval AB.
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Table 2, Characteristics of Selected Technological Syatemz for Model Cheddar Cheese Plants,

Encloaed Enclosed
CGooking Cheddaring Finishing Finishiag
Evstem (%) Vats Yats Hooping
Standayd Cheddaring
1 ® Regular 40
2 ® a0 fa02 Cut.
3 ® Bleck Former
Standard Stirred Curd
& ® Regular 40#
5 ® 640/604 Cut.
] *® Block Former
Automatic Cheddaring
7 = Regular 40#
B ® aa0 fads Gut.
7 i Block Former
Advanced Sclrred Curd
10 = s Begular 40+
11 = K 640 /408 Cut.
12 x x Block Furmer
Advanced Cheddazing
13 K Regular 404
1 X 640 /40w Gul,
15 X BElock Former




Three methods of hooping or forming the cheess are considered In the
economic-engineering phase of the study. In a repular 4&0-pound block line, a
hoop flller is used to place curd in stainless steel hoops which are them put
in a press to =olidify the cheese and drain the final whey. The blocks of

cheese are removed from the hoops, vacuum sealed in plastie bags and placed in
cardboard boxes.

In a 640-pound block line, curd is pumped into stainless steel hoops, pressed.
placed in & vacuum chamber, inverted and sealed and then moved to a chilling room.
Five to ten days later, when the cheese has cooled, it I5 comverted to 40-pound
blocks. After being cut Into 40-pound blocks, the cheese is moved o an area to
be wacuum packaped In plastic bags &end placed in cardboard boxes for aging or
shipping to market.

With a contimious block forming method, 40-pound blocks are formed witheuat
hoops in a 40-pound block forming tower. OCurd is drawn by a vacuum to the top
of the tower. In the tower the curd begins to fuse under gravity and forms a
continuons column of solld cheese. Regular blocks are automatically lowered,
guillotined and ejected for the final stapges of seallng and packazineg. This
process 1s used to recuce labor costs and make very unlfiorm block sizes that
reduce trim losses when the cheese 1s cut down to retall sizes.

Althouph the costs of whey systems were not budgeted in this study,
initial capital irwvestments were budgeted for two different whey plants with
three different whey processing methods: condensing, partially concentrating,
and drying. Another whey plant with a fractionating by ultrafiltration sysztem
(to produce whey protein comcentrate and lactese) will be considered. The
cogte of all three whey systems will be reported in later publications on
this research. The first whey plant svstem produces condensed (43% solida)
and partially concentrated whey {(less than 40% zelids). And the second system
has the alternmative to produce condensed, pertially concentrated, and grade A
powder whey.

Table 3. Whey Froducts Manufactured by Two Model Whey Plant Systems.

Whey Partially Grade 4

Flant Condensed Concentrated Pawder

System Whev Whey Whey

Svetem 1 x x

Swatem 2 X 4 ®
PLANT SIZES

With but onme exception, six different plant sizes were considered for each
one of the 15 cheese processing systems. The one exception was the advanced
atirred curd cheesenaking technology for which only fiwve of the six sizes were
aonzidered. The largest size plant studied was not modeled for this particular
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technology.? Thus, a total of 87 different basic cheese plant desipns were
considered,

The cheese plant =sizes selected were: 4B0,000; 720,000:; 960,000:
1.440,000; 1,B00,000; and 2,400,000 pounds of milk per day. These volumes
represent the capacities of the plants, that iz the maximm volume of wilk the
plant can handle in a'24 hour day with an 18.5 hours £ill time. These plact
sires were chosen to satisfy some specifications of the cheese wat rooms of the
moda]l plants., Initially, the size and the number of vats in the cheesemsking
center were selected to allow a constant number of filling times per wat per
day for the different slze plants. Later on, some of these characteristice of
the vat areas of some plants were altered for different cheesemakirg tecknolegies
hased on recommendations from equipment manufacturers and the comsulting engincers
Lo ensure proper plant operation and timing. The plant sizes stayed the =:zme,
but the number of £illinp times per vat per day is not the same scross plant
gizes with the changes in nurber ard size of the vate for zome zelected plant
gystems. As a result, the cheese plants in the study are more realistically
mpdeled than if the original assumptiors had beer kept, and the procescing
equipment is intepgrated in thelr mest efficient way. Differences in the nusber
of filling times per wat per day from ecne glant to arother alsc were observad
in the plant survewy Teported ic the companior publicatior.

The pasteurizers for the cheese operaticns have different cepscities in
the different size plants. The flow retes of the pasteurizers have been
selected to process the capacity of each plant in 13.5 bheurs. Thus, the

larger the plant, the faster the fillirng rate peeds to be to meet the daily
production goals.

Milk silo holding cepscity for the model plants 1t sgual to the daily
capacity of the plant {i.e. £ cheece operation wzs aszumed o be able teo hold
milk sufficient for cne day's productiom). This rew milk holding capacity
provides enough flexibility for the management To orfganize its productiom
schedules in accordance with the sessonsl chenges in the supply of milk.
Cheese plants can schedule throughout the day thet portiom, if any, of milk
receipts arriving from milk tremsfer statiome. Also, the cheese operations
eventually cen tramsfer to other plants some milk thet is not needed for
cheese processing.

The model cheese plents provide cheese storage capacity im the chilling
room for ten fwll production dawvs. This is assumed to be sufficient for a
cheese plant operating under normal comditioms, Any additional regqulred
storape space s considered to be part of the marketineg functien rather than

3pt the time of thelr study, enclesed salting finishing wats (EFVs) were
panufactured in ome capacity, 4,000 pounds. This techrical comstraint limiced
the rumber of altermatives avaZlable for the cheese vats te be combined with
this systen. The naxinun recommended capacity for the cheese vats in stirred
curd plants using EFVe ias 40,000 pounds of milk, Thus, che larges: size plant
considered in this study, 2,400,000 pouwnds of mllk per day, was not appropriate
for this processing techmology., Teoday, EFVs are available thaz can handle mors
than &,000 pounds of curd,
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the chesss production operation, Therefore it is pot conmeldered im thig gtudy

of mapufacturing costs, Cheese aging, retail cutting and packaglag, or special
sales arrangements with some customers (e.g. the CCC) are viewed as marketing

activities. To have a clear comparison of plants, these marketing cxpenscs,
determined by specific conditions at each plant, meed to be kept separate from
the production costs,

The laboratery facilities inm the moedel cheese plants can pearform all the
teating required for good contrel of the manufacturing operation. MIilk, whey,
and chesse are tested for every vat manufacturcd at the plant. Additfiomally,
producer milk testing and waste treatment water testing arc assumed to be done
perlodlizally at the model cheese plantas.

FRODUCTION EBCHELULES

Hine different production schedulecs were conmsidered for each plant design.
These were cbtained by combining three different days-per-weck sched- ules
with three different hours-per-daoy schedules,

The three different weekly production schedules were 7-dav, 6-day, and
3-day. The three daily production options were 24-hour, 2Zl-hour, and 1E8-hour.
Hone of the selected production achedules required changes in the apecifica-
tlions of the modeled planta. It was assumed that shoerter work weeks or shorces
days are lemposed by a shorter supply of milk or lack of sufflclent marke: fo:
cheese, Checse cperations are designed to hold, without any problem, the peak
suppl.]r of milk fE:IEhirLE the 'pla.nt du.t'l‘nE the year, When there is a reduction
in the milk avallable, the plant can adjust manufacturing by reducing the
nusher of daye per week or the oumber of hours per day of operation, so that
both the weekly and the daily produection schedules repeat wery simllarly for a
period of tlwe. In pereral, these types of adjustmentes are made at cheese
plants periodiecally and for z certain number of weeks, in order to adequately
schedule and 'F],n.n lakoar :I:'El:rui:l:'c:-r::nu,

During pericds cf chorter milk supplies, usually seme productien capaciby
remaine idle at mwoet plante. 1f a cheese plant vere te continue rumning long
dave, it needs to compsnests for that with a dewn-davi{s) during ths weak. In
that wWay , it can n'pz'nnd the volume of milk received ﬂ'u.t':T.uE the :l.o'un-d.n.}r I'_hruuﬂ'n-
cut the follewing ecperating dave. If the plant needs te have a second down-day
during the week, the two down-days are not likely to be consecutive days.
Separating the dewn-davs more evenly distyibites the milk recelptsz and the
uses of wilk at the plant.

Plants working & 24-hour day schedule have a total =milk £illing time of
ghout 18.5 hours, Thiz allows for sufficient tlme to Finish up Ehe last rat
of cheesa for the day and te de an adequate cleandng Job at the plant. Similar-
1y, the total millk Filling time in & 21-hour day and in a 18-hour day schedule
iz approximately 15.4 hours and 12.3 hours, respactively, with s fixed time
uged for clesnimg in 811 plants.
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COET ESTIMATION

Imtroduction

The money costs invelved in processing Cheddar cheese are a function of the
physicel guantities of the resources used and the prices which must be paid te
chtain these production factors. 4 successful application of the economic-
engineering or synthetic cost estimating technique needs specific and detailed
information on the technicsl input-output relationships of production and om the
prices of the resources used in the manufacturing process.

Assumptions on the rav material, the process, and the final product used
in modeling the Cheddar cheese mamnufacturing eperations are presented in this
gection. These assumptioms were required to make the production cost astimates
conparable among differemt systems and size plants. The sources of information
used in the cost estimation procedure alse are identified. Later, each one of
the Cheddar cheese production cost components are deseribed with some of tha
rasource requirements and thelr eost caleulations.

Assumptions

This study, among other things, estimates Cheddar chesse production costs
and compares the costs for different systems and plant zizes. For this reason,
sooe assumptlions that apply to all the model plants must be made in order to
allow for comparabllity of the flnmal results,

Hilk received at tha cheese plants is assumed to ba of pood guslity and
vith the same compositiom for sll plamts =0 that initisl production comditions
for chasse mamufacturing are the gama for the model plants. Any eeasonal

variation in milk composition sffacts tha components of the milk received at
the plants similarly.

Actual plants ecan wzunslly stretch normal production practices in perieds
of excess supply by slightly shortening tha cheese meking time or rvnning more
hours at the expensa of claaning tima., None of those situations i= considered
here. The modal plants in tha study operate with consistent msking and clean-

ing cimes for any production schedule or external conditions affecting the
cheese operations.

Chessemaking performance Aas regards fat recowery, vield efficiency, and
product characteristics is assumed te he similar for all technological systems
and size plants. HNo significant plant-to-plant differences in Cheddar cheese
far recovery or Cheddar cheese yield efficiency exists amomg the model plants,
The finished, fresh cheese produced by all plants is &40-pound block, high-
moisture (37-38%) Cheddar cheese, and its quality and composition are the seme
regardless of the volume of production or the techmology used.

total magnitude of Cheddar cheese net production costs. In the case of the
mode]l plants it would be constant because the same milk composition and cheese
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fat recovery is assumed in all plants. Likewiga, separated liquid whey i=
transferred without cost te a whey plant fer further precessing.

For the smalyels, the costs of PrncnsslHE separated uhny are poat consider
ad. Whﬂy prncaegins ire viaewed gz a separats speration and no rovepucs arc
cradited or coste :Enrsnd toa the cheesze mnﬂuE:ﬂturinﬂ process,  Howeower, thi
initisl irvestment regquired hy wn uhcf Flant syskems are determined and
reportad.

Each of the medel plants has storage capacley equivalent to 10 days’
production. Thie 10-day e¢hilling storage iz bo provide for rapid cooling of
the chesge imnediately aFrer manufasturs, Etoroge nnpugity for aging of the
cheese is not provided in the model plants. The aging of cheese is viewed in
this study as part of the marketing funztion--not as part of the productiosn
function. A5 illustrated later, the provision for an aging cooler would add
significantly to the construction coests of the plants.

The affice center in each model plant contains only those offices ard
related areas that are neceasary for the mansgement and supervision of the
cparation of the planz. The terms conaprvative and functionsl may beat deserik-
e the interior and extorior decoration of the office space provided im the
modela. Im reality, the expenditure of millions of dollara for a new facility
will, in gemeral; attract corporate level offices with thelr higher construce-
fon costs., Az thesze costs can significantly increa=e the cost of the total
structure, but have no effect on production efficiency, they are not reflected
in the plants modeled.

DNata Sources

The necessary datse to satimate the precesaing costs were chtalned froun
variows sources, Mead & Hunt Ine. of Madison, Wisconsin, an ergineering con-
sulting firm with extensive expsrience in the Cheddar checse industry, provided
technical coefficients and some specific price information om land, building
atructurs, production equipment, lsbor regquirements, utility demsnds, and
other expensss in Cheddar chesas plantas. Prices and specifications on major
equipment were obtalmed by the consultant engineesrs from cquipment menufect-
urera. Theae were usad by the consulting firm to maks some of their recommend-
ations for the model planta.

Information collected from the 11 actual Cheddar cheese plance studied in
the esarlier phase of the research was used to prepsre penaral plsnt specifica-
tions, to determine several coet agsumptions, and to sesess the resscmeblenesze
of the laber and other cost estimates for the model plsnts. Ora of the junior
authors estimated the produstion and lasboratory matarisls for the modal plante.
The tochnical and price inforsation obtained from the engineering consulting
firm was reinforeed by closely monitoring and diecuseing the results with the
engineers and comparing their design and ceet infermation to that setually
ckzerved in the cheesc plant supwvey. Induetry euppliers provided pricee on
preduction materials and on other expensas (a.g. clasning) at cheese plants,
Finally, plant managerse algo made a contribution in this phasze of the srudy,
providing miseellaneous information on various aspects of the mamufacturing
process. By and large, the technical coefficiente and cost informstion used



in costing Cheddar cheese production were newly developed for this research.

Eaui nt Costs

Lland requirement factors for each size model plant were estimated based
on the building areas and the ear parking, truck parking, and turm-around
areas of averapge operatlons., Since land requirements in actual cheese ocpera-
tions uwsually do not change proportionally to cthe bullding area or the size of
the plant, separate land factor estimates were caloulated for each size planc.
Land for a waste treatment facility operated by the cheese plant was not con-
gidared in these factors. The land estimates in square feet were converted to
acras and divided by the building area to obtaln land loput factors per 10,000
sgquara feet of plant building area. The estimated input factors used in
computing the land requirements for the different selected model plantz are
given im Table 4. Land purchase costs were assumed at 330,000 por acre or
aoout $0.69 per square foot. &n additional cost of 529,800 per acre of land
was considered for roupgh and finish prading, paving, landscaping and the
underground electrical, plumbing, gas, sewer utilities, and engineering fees
required at the cheese plact site.

Table &, Lend Requirement Fsctors for Model Cheddsr Cheese Plants of
Different Sizes.

Plant Size Land Factor?

{Pounds of Milk per Day)

430, DOD 1.813
20,000 L.577
S&0, D00 1557

1,440,000 1.431

1,800,000 1.403

2,400,000 L

& Land acres per 10,000 square fé;t of bullding area.

Building areas were caleulated by the consulting engineers based on the
zize of the egulpment in each center amd on other specliicacions from equipment
menufacturers.

The btuilding areas of some selected model Cheddar cheeae plants ars przgsnt-
ed in Table 5, Building cests were based on floor-space requira- ments. The
costs included engineering [ees, electrical, plumbing, pnsumatiz, refrigeration,
atructural , and wentilation aspects of =ach center. Jonstruc- Clon cests and
celling heiphcs for each opsrating center are given in Appendix Table Al.
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all of the plants modeled for thisz study used the following structural
materials, Insulated concrete blocks were used for the extericr wells; concrete
block [or the interior walls; reinforced concrete foundation and floor slabs,
and pre-cast [latslab and prestressed concrete double-tee's for ceilings and
roof surfaces with structural steel beams and columns for support as required,
Floor brick sel in zcld resistant grout bed, and glazed tile wall covering
were used [or Lhe process areas. The roof used was a ballasted EFDM (rub-
berized) roofing system installed over rigid insulatiomn. Epoxy palnting forx
washable wall Linlsh was used throughout except where glazed tile wall cover-
ings were used or In unpainted mechanical rooms.

4 list of major and minor equipment was prepared for every cenmter amd
every Lechmnology considered ln the study. The selected squipment was integrat-
ed in the most efficlent way for each model plant according to egquipment manu-
facturess" and consultiog englneers” recommendations. Scme of these equipment
specifications are listed In Table 6. All plaots were modeled using moderm,
presenk-day aulomation, where needed.

The process controls ifncluded in the model plants were based on the use

ol programmable controllers. A control system based on programmable controll-
ers had a level of sophistication that was applicable to all model sizes being
studied, and was modular which allowed the cost to be more accurately assigned
te the proper centers within sach model plant. With this type of system im
place within the model plants it would be possible to unify the modules of
contrel under the directiom of a computerized system, with little or mo change
in the exzxisting eguipment.

Although the hardware cost for computer systems can vary, there is an
even greater varlance in the degree of complexity In the seftware packages
that c¢an be used In ldentical aystems, which makes generalizing the costs
grtremely difficult. The additional cesats for computerizing a plant depend on
wnat other tasks, in sdditien to preoecss controel, the computer would be reguired
te accomplich. Mo superautomation (e.g. remote control} was conscidered in the
cheese operations and all the contrels could be overridden manually,

Equipment costs refleet fall 1985 prices and they inecluded emginzering
fees, cquipment delivery and installation costs. HNeo allowance was made fer
special discounts. A summary of the egquipment investment cost by center iz
provided in Appendix Table AZ.

«» The initial cspital investmente for a group of
galactad modal Cheddar cheess plants are prasented in Table 7. As dageribed
aarliar, the irmvestment costs include those in lnnd, huiidtnﬁ and nquipmﬁn;
for production only. Altheugh provislen 1z made for 10 days of chilling
storage storage for aging iz pot provided, 2= aging was concidered to be part
of marketing, As illustrated in Table 8, the provisien for an aging cocler
would add frem 25% te 50% to ilnvestment costs.,

The imvestment costs in Tabla 7 do pot include the investment required
for vhey cperstions. Meor do the chesse production cests reported in this
publicatien reflect whey operaticns, Howewar, the irvestments for differant
Hhay BEystams ara rnparted in Table 9 te 1llustrate the Putnntinl orarall
invastmant in cheese and food grade whey operatloms. These costs are alzo
large, equalling 41% to 52% of cheese processing imvestment for the whey
condepzing operatiom and 78% teo 923 for condensing and powdering. The amount
vhey procesgeing adds relative to tots]l imvestment declines with plant zize,
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Table 5. Building Areas for a Selscted Group of Hodel Cheddar Cheeee Plante of Different Sizesd,

Plant Type

Plant Size (Founds of Milk per Day)

A e v e R e T L o W e, o o e ] et B 0 e, o T T, T e el T o Tl i

480,000 720,000 960, 000 1,440,000 1,800,000 7,400, GO0

EBtandard Cheddaring
with BReg. L40# Hooping

Ftandard Seirred Curd
with Block Former

dutematle Cheddaring
with 640/40% Cutting

Mdvraneed Sefirred Curd
with Block Farmer

Advanced Cheddaring
with Block Former

19,624 24, %05 27,795 37,461 42,223 52,125
19,222 24,152 27,108 15,211 41,043 50,082
25,632 32,172 15,530 45,500 51,399 £0, 842
19,233 23,811 26,633 35, 856 51,802 n.a.

19,415 24,393 7,483 35,668 40,947 49,369

4 po not Include whey operetion.

n.a. = not applicable
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Table 6.

Plant Size (Pounds of Milk per Day)

_____________________________________________________________________________

felected Equipment Specifications for Various Techmological Systems Used in Hodel Cheddar
Cheese Plants of Different Sizes.

Tecknolocgy snd Equipment 80, 000 720,000 a0, 00 1,540, 000 1,800,000 2,400,000
a) Stepdard Cheddaring:

Enclesed Cheese Vatsd 4,30, 000 6,/4%0, 000 £/550, 000 B/05, 000 B0, 00 a /50, 00

Open Finishing VatsD 4,53 D00 4,/ 000 475,000 678, 500 65,000 875, 000
b) Etendard Stirred Curd:

Enclosed Cheese Vats? 4730, 000 & S50, D00 4/50,000 5,/545, 000 B 50, 000 BS50, 000

Open Finishing Vatsh 473, D00 L8 Q00 475,000 6740, 500 & ,/5, 000 B/S5, 000
c) Autopatic Cheddavirg:

Enclozed Cheese Vatss &4 /30, 000 i f4), 000 &4./53, 009 a/45, 000 6750, 000 B30, 000

DMCE bt ST 567 F100¢° GRS eh T FLLF" 68" /124" BR" /L2461

Open Finishing Vatsh 253,000 2/4,000 275,000 374, 500 175,000 445, 000
d] Advanced Stirred Curd:

Enclesed Cheese Vats? 4730, 000 4./480, 000 &./80 000 & a0, Q00 Bra, 00 0. a

Enclosed Seltin

Finishing Vats 374 D00 3/4,000 374,000 574,000 i, 00 fi.d.

e}l Advanced Cheddaring:

Enclosad Cheese Vatsd 620, 000 f /76, (1040 B35, Q00 a/a0, 000 F750, 000 BS50, GO0

Al f-o-maticd 3,000 &, 000 &, 500 8,300 L0, 000 1%, 500
H“EEiDEl‘.'EF“l"EEiIIE:
al Eegular 40& Hooping:

L0# Hoops® 350 525 T00 1050 1325 1753
b} 6Ga0/a0e & Cutting Line:

64lE Hoops® 426 616 350 1av2 1500 218
~, EBlock Former:

Vigcantor Towers? 2 3 & 0 7 9

4 Humber of vats/size of each vat in pounds of milk.
b Number of vats/size of each vat in pounds of curd,
€ Ecuipment length/helt length.

d Pounds of curd per hour.
& Humber of unitcs.
n.a&. = oot applicable
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Table 7. Total Initial Capital Imvestment for a Selected Group of Model Cheddar Cheese Plants of
Differsnt Sizes.

Hote: Includes investment in land, building and equipment for production only.
in storage For aging, whey operation or organizatiomal office space (just production office space).

Does pnot include investment

Plant Size (Pounds of Milk per Day)

____________________________________________________________________________________

Plant Type 480, 000 720,000 60, 000 1,480, 000 1,800,000 2,400,000
--------------------------------- {Dnl]ara: T i T e o s T A S ol o 5 A v
Standard Cheddaring &, 005, 000 4, 758,000 5,326,000 6,867,000 7. 748 000 9. 474,000
with Reg. 40# Hooping
ftandard Stirred Curd 4,248, 000 5,028 000 5,708,000 7,384,000 8,394, 000 10,183,000
with Bloczk Former
hatomatic Cheddaring 5. 486,000 6,367,000 7,150,000 E,695,000 10,174,000 12,213,000
with 640/40# Cutting
bdvrancad Scirrad Curd 4 423,000 3,118,000 5,760,000 7,55%, 000 &.905,000 O.4a.
with Block Former
tdvancad Cheddaring 5,049 000 5,776,000 €, 542,000 8,019,000 9,198,000 10,884 000

with BEloczk Former




Table &, Total Inltial Caplital Investment for Provisiom for Six Meonths of
Aping Storage in Model Plantsd

Hote: These costs for aped storsge sre pot included in model plantsz ar in
cost estimates reported im this publication.

Investment Begquired

Chease Plant Size For E-Honthes Aginpg Storage

{Pounds of Milk Par Day) (Dollars)
480,000 &1, 068,000

720, 000 1,602,000

a0, 000 2,137, a0d

¥, 4480 000 3,205,000
1,800,000 4,007,000
2,400,000 5,342,000

R hssuming 102 cheese vield.

In considering the model cheese plant investment costs, also recall the
following. The plant is constructed to be economically functiomal for the long
t=rm, yet not plush. Functional plact production office space is prowvided, bus
not space for an organization’s headquarters. The contrel system is rather
highly automated, but pot superautomated f(e.g. remote comtrol). A metering/
monltoring manhole Is provided for BCD tests, suspended solids tests and flow
measurement te werify discharge wolumes. However, [o provision for rthe pretreat-
menk of sewage is included in the modeled planta.

in anmual charge was made on the initial capital investments at esach model
chagas plant te agcoumt for depreciatien and capitel ceats., Three different
catzgeries of capital investment were comsidercd in calewlsting these costs:
land, building, and equipment. The cost of capital that would be tied up in
conetructing the plante slec was considered. In this regard, the following
apgumptions wara mada: tThe land would be purchased twe veare before the plants
would be cperational; 30 percent of the sitework amd structure ceste would be
fncurred 18 months and F0 Pittlnt CTIE YamT befora plant qpqning] and the ﬂqulp-
ment would be purchased zix months before the plants becsme operational.

Annual land cost was assumed squal to the opportunity cest of the monsy
neaded ta Purtha:n tha land., The nFPuI:unitj cost of money wae estimated uaing
a & percent real interest rate, No nPPtnuinLlﬂn oT dﬂ?Tﬂ:iﬂtiﬂn of tha land
value was considered during the life of the investment.
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Table ?. Total Initial Capital Investment for Selected Vhey Processing Flants Modeled to Match Cheddar
Cheese Plants of Different Sizes, @

Note: These costs for whey plants are not imeluded in model plants or in cost estimates reported in this

publication.
Cheese Plant Size (Pounds of Milk per Day)
Whey Plant = = = =  =--=r------ccceeccmmmmsicii ettt c st s m s s s e e -
System LB0, 000 720,000 S60,000 1,440,000 1,800,000 2,400,000
sesmmsmems---ccsccccessscccaccccccccs (DOllArS) --remsssmscsccccccccccoaaaaa

Condensed Whey
Condensed and Grade A
Powdered Whey

£, 443, 000 2,817,000 3,050,000 3,526,000 3,.B63,000 &, 382,000
4,273,000 4,912,000 5.413,000 6,220,000 7.017 000 8,295,000

4 Tpeludes irmvesztment in
whey products.

lapd, building, and equipment. Tha modal ocperations are to process food grade



The imitial investment for the bullding and the costs of the work on the
plant site wvere anmialized over the operating life of the building, using
present value techniguez and assuming & 6 percent resl interest rate. This
procedure captures tha expected economic depreciation of the assets and the
cost of the money tied Lo that Investment. The useful 1ife of the building
for a plant operatliar at 100 percent capacity was assumed to be 25 years with
no salvage value. The operating life of the building was allowed to chamge
with the uwtilization of the plant so that the expected life increased with
lower plant utilizations. A maximm of 35 years was permitted on the useful
life of the building to allow for the likelihood of cbsolescence. An example

of the wvarious operating lives of the building and equipment for different
levels of lant utilization is given in Table 10.

Table 10. Expected Life of Bullding and Equipment of Hedel Cheddar Cheese
Plants for Selected Levels of Flant Utilization.

Plant Capacity Utilizatiom

Assets 1002 80% €04 40%
e R P PR P ) ) P e T T SREEE
Bullding 25 30 e 358
Equipment;
Group 1 5 [ 7 3
Group 2 10 12 14 158
Group 3 15 158 158 15¢

& psgumed mawimom expected life to allow for cbsolescence.

Bepair and Maintenance, Repalr and mainterarnce expenditures in manufacturing
operations vary acecording to the intensity of use, policies of individual

firms toward smaintenance, the original quality of the building or equipment

and othar factors. Repalr and malntenance costs were estimated by the consult-
ing enginsers for the bullding and equipment of the model Cheddar cheese plance
geparataly. The consultants determived factors for each piece of eguipment and
the building area in each center.

Data on actual structural msintemence costs were gathered by che consul:-
ing engineering firm from & significant nunber of cheese operations of sizes
approximating the ones used in this study. The estimated average cost for
building and maintenance was $0.8033 per square foot per year. This cost was
brokesn inte a fixed and a variable element to make the maintenence cost calcu-
lations for the model plants.
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Equipment maintenance costs were estimated based om the cost and the
useful life of the equipment. Although they differed for each piece of eguip-
ment, the maintenance costs for the equipment were all considered wariable
with the wvolume of milk processed at the plant. An example of building and
equipment repalr and maintenance costs for a selected group of plants are
presented in Appendix Table A3,

Insurance. The insurance for the model cheese plants includes fire
insurance and extended coverage on building and equipment. The insurance
costs per vear were estimaced using an average rate of $4.60 per 51,000 of
Building and equipment wvalues. The bullding and equipment values were con-
sidered to be 85 percent of the initial capital lnvestmeats in these assets.

Propertwy Taxes, Rates for property taxes wvary by clty, township, apd
state, &n average rate of 533 per 51,000 of market valu=z of land, building,
end equipment was used in determining the anmual propecty taxes for each
plant. The market values for the land and the buildings were obtained taking
100 percent of the initial investment costs, while the market walue considered
for the equipment was only 50 percent of that cost.

Salarfes, Wapes, and Labor Costs

Labor requirements In Cheddar cheese plants wvary considerable depending
on cheesemaking technology, plant layout, labor management practices, and
other factors. Very little detailed labor informatiom on Cheddar cheese
plants iz published. Labor reguirements for the model plants in this study
were determined based on production times, making schedules, and other activ-
ities performed in each center of the plant, These labor estimates were
established and evaluated by discussion with consulting engineers and & com-
parison with actual labor information provided by 11 Cheddar cheese plants
surveyved in an earlier part of this stud?.ﬁ

Chezse plants have different pellicles en labor mamagement. Some plants
pperata with a permanent amount of overtime and a smaller lsbor force, while
others prefer to hire additional pecple to svoid overtime charges. Even
though the physical labor requirements during the productiorn process remain
the zame, these decisions have an lspact on the number of employees needad at
the plant, In general, the labor forces in cheese plants are flexible.
Hanagement can adjust falrly easily the mumber of people hired and their
working schedules. Many plants alse can layoff people most any time that is
required. Full-time seasonal laber, part-time permenent and seasonal laber,
longer and shorter work-weeks (e.g. 50-hour weeks vs. &40-hour weeks), are some
af the choices available to the management of cheese plants to select and hire
their labor.

6lene K. Mess-Nishington, Richard D. Aplin, and David M. Barbano, "Econo-
mie Performance of 11 Cheddar Cheese Manufacturing Plants in Hortheast and Nerth
Central Regioms", A.E. Res. No. 87-1, January 1987, Dept. of Agricultural
Economics, Cormell University.
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Labor raquiramants at the model pluan e hudﬁﬂtﬁd on the basis of two
major categories: supervisory labor and direct labor. Because this study only
considered 18, 21, apd 24-hour day productlon schedules, supervisory labor was
assumed fixed per opecating day, Supervisory labor Includes the plant mansgsr
and one assistant per additiomal shift, Direcl labor was estlmated to have =2
fixed and a variable component. Direct fixed labor requirements were copnsLant
on & dally basis. It included the lebor used in cleaning and setting the
equipment as well as the labor for other actiwvities that mermally need to be
done at the plant regardless of the volune of production. On the eother hand,
direct warlisble labor included all the other production and suppert Labor in
all the cperating centers at the plant that were net classifled either as
superviseory labor or direct [ized labor. The variable labor was assumed ro
change PTUFDFLiﬂﬂallj with the volume of milk P;uuusxud al the model PIHHLE.
The labor requirements [or a selecled group of operalions are glven in Table 11.

This stuwdy assumed that the lasbor used and paid in the model cheese
plants was egual to the actual lasbor reguirements for those operations. Ho
additicnal costs are charged for lebor that is not needed and used at the
plants. Also, amy management declsion om reorganlizing or adjusting the labor
force (e.g. increasing the lemgth of the work-week Instead of hiring addi-
ticnal employees) is assumed to have ne effect on the average labor cost per
hour. A& flat wage rate cf $%9.00 per hour was used for all direct labor, which
represents an average for the different wage categories and night and holiday
premiuss at the model cheese plants. In additlon to the wage cost, LC was

assumed that the cheese plants had fringe beneflt costs equal te 32 percent of
the wages. BSome of the direct fringe beneflts and provisions Llocluded In this
allowance are welfare fund, relirement [und, soclal security, life insurance,
wedical and dental expenses, unemployment Insurance, sick leave, and paid
vipcalion Lime, On average, supervisory labor cost was assumed to be 3D per-
cent higher than direct labor costs plus an adjustment [or plant size. The
adjustment used was 50,20 per hour for every 100,000 pounds of daily milk

capacity at the plant, Exawples ol average Lypical supervisory salaries for
the wodel pluntu in the uLudf are P:qvldzd in Table 12,

Ucility Costs

The priccipel wtilitles consldered in the model Cheddar cheese plants were
ElE:Lriclty, netural Bas waler and BEwape, Gas ard electrical Power quﬂltt-
wents for each plece of eguipwent were detersined by the consuliing epgineers
from product date bulletins supplied by eguipment mamfactures. Where steass
was used, the natural gas component of that steam production was Included in
the gas requirements for that center., Water consumption was calculated from
known equipment flow rates and estimated usage rates, The data presented are
for utility caosts for the cheasea pl&nE nnlj and dé nat includes the whgy plant.

Elecericiey. The electricity requiresmenta for the model plants included
a Fizxed and & variable tﬁﬂpﬁﬂcﬁt. The rmumber of kilaowatt hours of :1¢:tri;it}
were cstimated per operating hour or per million pounds of milk for each oper-
ating center in each size plant. Electricity was charged at a flat rate of
50.00 per EWH. This unit cost estimate reflects an average cost for the 11
Cheddar cheesse Flant: surveyed and comme-cial rates ﬂh&rsed in Kew York. Using
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Table 11, Daily Labor Hour Requirements for a Selected Group of Model Cheddar Cheese Flants of Differemt
Sizes Operating with a 24-Hour Froduction Schedule,

Plant Size (Pounds of Milk per Day)

O O O B e e e ey A e . Y U (I E U ER RN N TN . B R BN I W O . - B

Flant Type 480,000 720,000 a0, Q0O 1, 440,000 1,800,000 2,400,000
-------------------------------- - [(Hours Per Day) ==-===cccccccccmcscncunan=-
Standard Cheddaring 596 628 696 oz #2118 B52
vith Beg. 40% Hocplng
Stendard Stirred Curd 428 &.60 504 576 5045 A0
with Block Former
Autematic Cheddaring 428 G436 LB0 qla 560 588
with &40/408 Cutting
Advanced Stirred Curd G4 436 LB0 E40 572 n.a
with Block Former
Advanced Cheddaring 416 448 632 552 572 612

with Block Former

f.a. = not applicable



Table 12. Average Salaries for Supervisory Labor in Model Cheddar Cheese
Flants of Different Sizes.

Average

Bupervisory

Plant 5ize Zalary

({Pounds of Milk per Davy) (5/Tear)
480, 000 a0, 400
T20,000 31,500
960, 000 32.700
1,450,000 35,000
1,800,000 3£, 700
2,500,000 3%, 600

the flat rate to cover both the demand charge and the energy charge faclilitates
the summation of energy costs among opersting centers. Alse, using a flac

rate avolds the question of which centers sheould pay the higher infitial energy
rates and which ones should pay the less eoxpenzive subsequent rates. A
sumnary of the slectricity requirements for a selected proup of oodel plants

iz provided in Appendix Table AL,

Hatural Gas., Matural gas was selected 2 the fuel for the model plantcs,
Hatural gas requirements were provided by center, vhen needed, as therms per
operating day or therms per million pounds of milk. A flat rate charge of
0,50 par therm was made. This unit cost estimate was based on average costs
for the 11 Cheddar cheese plants visited esrlier in the study and on commer-
cial rates charged In Mew York. Natural pgas requirements for varieus Cheddar
chessge plants are given in Appendix Table AS.

Hater and Sewgge. Water and sewage requirements were considered fized on a
daily basis for each center in every size plant., For the most part, water was
uzed for clesning the building and equipment at the plant ewvery cperating day
regardless of the length of the processing day. The model plants were designed
with their own water wells and mo direct charge was made for water used. The
capital investment costs and the operating expenses for the water well weras
included in other cost categeries. Onm the other hand, a flat zate of §1.30 ser
1,000 gallons of fluid disposed in the sewage system was made., This rate was
determined based on average sewage costs of Cheddar cheese plants with new
gewags contracts or with old sewsge contracts that had been revised recently by
the local municipalities.

Supply snd Other Serviee Costs. Supply and other service costs include
production, packaging, lsberstery. and cleaning supplies as well as other ex-
penses that together represent a significant fractiom eof the total Cheddar
production costs.
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Froduction Supplies, The production supplies for Chaddar cheese marufact-
uring considered in this study incluads calelum chloride, color. remmet, =salt,
and starter culture, The guantities of these materials used in estimating the
totel production costs were destormined from standard scceptable manufacturing
requirenents. The estimated costs of the producztion supplies reflect 1985
prices and a& shipping charge, but no allowance for special dizcounts, These
caste were obtained from product suppliers and cheese plants located In the
Hortheast and Horth Central regionms. A& combined coat of prodouction material s
of 52.90 per 1,000 pounds of milk processed at the plant was used for budgeting

costs, A breakdown of the production materisls and their cost is provided in
Appendlx Table A6,

Packaging Supplies, The cheese blocks manufactured at the medel plants
are wrapped and sealed in plastic baps and chen placed In corrugated cardboard
boxes. The cost of these packaging supplies was estimated at 30.50 per 40-pound
block of chzese. Additionally, the cost of the dispeosable cloth used to press
the cheesss in a repgular 40-pourd orf B40-pound hooping svstem also was included
az part of the packaping materials for the plants using those technolopies.

The estimated cost of the disposable press cloth was 50,08 per 40-pound bleock
and 30,27 per &840-pound block of cheese,

Laboretory Supplies. Lsborstory testing practices are warisble amorg
chease plants. This study assumes plants with good mamifacturing practices
performing all the standard control and quality tests recommendad in chesse
opetations. The model plants test for antiblotics, bhacterla count, milk fat,
milk protein, pH, whey proteln, fat In unseparated whey, fat In separated whey,
fat in whey cream, cheese molsture, cheese fat, and cheese zalt. Laboratory
tazsts are dome on each load of raw milk arriving at the plant and cn every wat
of cheese mamfactured. Laboratory tests performed at cheese plants are relsted
more to the tumber of vats manufactured than to the total milk processed at the
plant. The model cheese plants also keep lshoratory reccrds on the BOD tests
of the fluids that sre disposed in the sowage system. A separate factor to est-
imate the cost of the laboratory supplles was determined for every size plant.

The estimated laboratory supply costs for the model plents sre reported in
sppendix Table A7.

Clesning Supplies. The cost of cleaning supplies for the model plants was
determined by the consulting engineers from information provided by suppliers
bazed on costs for actual cheese plants, When cleaning supplies were needed in
a center, the cleaning costs were determined for each center using the flow
rate and the number of operating hours of the CIF system in each size plant,
Gleanirg costs were considered fixed on a per operating day basis assuming that
all the egquipment in the plants ls used and cleaned each operating day. An
example of the cleaning coste for some selected systems and plant sizes 1s
provided in Appendix Table AS.

Other Expenses. The expenses in this group 1lnclude accounting and office
gupplies, communicatioms and travel, laundry, telephone, and other services,
The cost estimates for the mede]l plants were developed based on Lnterviews with
MANEEETE of actual cheese plancs and adjusted for che different size plants,
These costs were assumed fixed per wvear for each size model Cheddar cheese plant
(Appendix Table A%).
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Production Imvantory Costs. A& ten-day production imventory cost is consid-
ered in this study. This cost reflects a capital expense, or an opportunity cost,
for the peried between the mement whenm the rassurese are used in production and
the time when the fresh product ls moved out of production. The Inventory cost
vars determined uszing a & percent anmual coszt on the walue of the resources that
conprize the wvariable coegce of produstlien. The asest of the milk used in preducr-

ion wag caleculated using an average prica of S11.E0 per hundred pounde cof milk
with 3.7% fat.
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RESULTS
PRODUCTION COSTS, ECONOMIES OF SIZE AWD EFFECTS OF TECHNCLOGY .
AND STABITITY OF THE RESULTS

Introduction

The major cbjective of the economic-engineering phase of the study was to
measure the cost effects of plant size, warious producticn technologies atd
varlous operating conditions. To obtain the coet budgetz snd comperisons mesaded
to do thia, production costs were estimated for 87 basie Cheddar plants operat-

ing with nine different producticn schedules fer a total of 783 different plant
combinations. The esti ! Wit lent

production, that is frem the raw 5 including the
cheege chilling room. Tke nrq5u5;ign_5ggjﬁ_;;;_ngj_ln&luﬂg_ﬂbﬂ_puﬂt of rew milk.

mill assembl whev handli Ling., 0T any managemsenc
or administratior EMWME&M credit or charge

was considered fc gzged at the plant:

The budgeted costs reflect preduction costs In new Cheddar cheese operat-
ioms using the technologies studied snd facing the fector costs described sarlier.
The cost estimstes do not necesserily reflect the production costs of current
Cheddar cheese operations thet heve been in operstion for & period of time. Many

older plants, smong other things, still use escets that are larpely, or perhaps
fully, deprecisted.

Thiz section provides conparisons between plants with different wveelly
and dally production schedules, wvarious production technelogles, and different
plant slzes, The cost impacte of changes in cheese yileld, wage rates, and
Interest rates also are comsidered, This semsitivity analy=zis ethances the
value of the results calculated initially snd minimizes whatever limitations

they mey have as a result of fixing the perforpance and costs of some of the
production factors,

Production Cost Estimates

Warlahi ity in Costs, Estimated Cheddar cheese manufacturing costs varled
widely among plants wich different technologiees, different production schedules,
and different planc sizes. Each of these variables had a diatinct impact on the
absolute level and the relative composition of the production costs.

The large variability in the productlon cost estimates for the various
plants scudied make slngle estimates of Chaddar chzese production costs of
limited use. Glven cost estimatzs arve valid only under very gualified scenar-
iog {e.g. a zglven technolegy, production schadalsz and plant size), For this
regson, mich mere atbentlon should be given te the cost relaticonships between
plants with differant characterlstics. Appendix Tables AlD-AZ} report pro-

duction costs per pound of cheese for a selected group of plant combinations
studied,
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To illustrate the range of nost estimates ochtained sand the compozition of
costs, Table 13 reports the avarage prodection costs par pound of cheeze for
five selected Cheddar chassa plants theught to represent existing techmological
syastems. Additienally, a range of the costs obtained for plants with the same
technologias but with different production schedules and of different sizes 1=
provided ta indlieate tha magnitude T the cast vnrinhi1fty_ When the five
plants gelectad ware ﬂ?ﬂ;n;znﬂ o procass appfnwimath1y 5 millinm pnundﬂ af
cheese per year in operatiensz with 980 000 poundz of dally milk plant capacity,
the awverage production coest was 16,7 cents per pound of shesse, On the other
hand, the production cestzs wvaried becween 27.4 and 11.0 zents petr poond of
cheeze wher: the plantz were pradocing abeut 3.3 and A7 & million pounds of
cheeze per vear in a 480 000 and 2 400 000-povnd plant, respectively.

Labor was the single most important component of the productlion costs for
the Cheddsr cheese plants. Moreover, labor costs varied the moct of any cost
factor from plant to plant. Lsbor reprezentsd between 42 and 58 percent of the
total production cost for small plants {i.e. plants with 480,000 pounds of
deily milk capacity) with different technologias and production schedules. On
tha othar hnﬁd, lahkar nn]y an?n:nntnﬂ betwaen 74 and ?? pnrngnr ﬂf +ha prio-
duetlon costs for the large planca [I.e. plasts wich 2 400,000 pounds of daily
milk capacity). The large variability in labor zost per pound, aspecially
ameng plants with different zizez, resulted from wide differences in labnr
productivity. Table 14 reports laber produstiviby for six di fferent size
plants with five zelected technolegies., Tabar produstivity for those selected
plants ranped hetwean 81 and L40B pounds of chease par hour of labor. Except
for the standard cheddaring process with ragular &0-pound hoaping, the lahbor
productivitiez in plantz with these varisus technsalegies were Fairly similar
for a given size plant.

Armual capital costs were lower than labor costs although they were signif-
icant in Cheddar cheegse manufacturing and varied widely from one plant to another
(Table 13). Capital costs represented between 9 and 23 percent of the product-
for costs in the 783 model plants, The relative imporcance of capital costs on
a pound of cheege basis was influenced more by Che technology used and the level
of plant capaclity utilization than by the size of the operation.

Cost of materials, such as production ingredi=znts (e.g., rennet, starter)
and packeping supplies. are very important in Cheddar manufscturing. Materials
represented between 18 and 20 percent of the production costs in small plants
and as much as 40 percent of the cost In larger operations. Since materials
pererally are utilized in fized proportions to the milk processed or to the
cheese produced at the plant, the use of most materials changes proportiomally
with the wolume of production. With the productivity of labor and capital
increasing with the size of the operatiom and with relatively little economies
of size in materials cost, meterials rapresent a higher percentage of total
costs in larger operations than in smaller ones.

Lzbor, capital, and materials togsther accounted for about 80 or 85 percent
of the preduction costs. The remaining costs are utllities, property taxes and
insurance, repalr and maintenance, inventory costs, and other expenses, Ucil-
ities alome account for about half of these remaining costs.

34



Table 13. Average Production Costs for a Selected Group of Five Medel
Cheddar Cheese PFlants2.

Cost per Percentage Coet Range
Cost Item Found of af for Different
: Cheeseb Total Costs Plant SystemsC
(Cemts) (&) {Cante /Found)
Labor
Supervisory 0.5 i.n { 0.2 - 1.3)
Direct Fixed 0.& E { 0.3 - 1.4)
Direct Varigble 5B 34,7 { 3.0 - o 7
Total Lsbor 6.9 41.3 { 3.5 - 12.4)

Capital Costs
Depreciacion & Interest

5.3 13.8 (L= &3
eilitles
Electricity 0n.? 1.2 (0.1 - 0.3
Fuel 1.2 7.2 (1.0 - 1.8)
Vater & Sewage 0.1 0.& {01 - 023
Total Utilities 1.5 9.0 1R = E1)
Haterisls
Laboratory 0.1 0.6 (0.1 - 0.1)
Production 2.9 17.3 { 2.9 - } 9%
Packaging 1.2 7.2 (1.2 - 1.2)
Claaning 0.5 3.0 (0.2 - 1.0
Total Marerials &, 7 8.1 { &b = 5.2)
Repair & Haintenance 0.2 1.2 { 0.1 - 0.3y
Property Tax & Insurance 0.7 4.2 0.3 - 1.8)
Froduction Inventory 0.2 1.2 { 0.2 - 0,2)
Other Expenses 0.2 1.2 (0.1 - D.4)
TOTAL 6.7 100,0 (11.0 - 27,43
Pounds of Cheese per Year 25,0 Million (37.4 - B.3)

4 The five model plants selected had the following technological systems:
ctandard chaddaring with regular &0-pound hooping; standard stiered curd
with block former; automatic cheddaring with 840/ /40-pound & cuttlng line;
advancad stirred curd with black Former; and advanced cheddaring with
block former. Individual costs for thease diffarent systems ara reported
im Tables Al10-A23 in the appemdix. .

The average cost par pound corresponds to plants with a capacity of
960,000 pounds of milk per day, operating Z1 hours per day, and 6 days
per week.

© The lower and upper ranges correspond to the average costs of the same
five systems with a capacity of 480,000 pounds of milk per day, operating
18 hours per day, and 5 days per weesk and 2,400,000 pounds of milk per
day, operating 24 hours per day, and 7 days per week, respectively. The
average for the upper cosc range excludes the advanced stirred curd
system not modeled for that size plant.
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Takle 14. Labor Productivity For a Salected CGroup of Modzl Cheddar Chesse Plants of JLEEerent Sizes
Operating with o 24-Hour Production Schedule,

Flant Tvpe

FPlant 5ize (Pounds of Milk per Day}

---------------------------------------------

Stavdard Cheddaring
with Reg. 40# Hooping

Stardard Srirred Curd
with Rlock Former

Automacic Cheddaring
with BA0/ADE Cutting

Adwvanced Stirred Curd
with Bleclk Former

Advaneed Cheddaring
with Bloclt Former

840, 0o F20, 600 G0, 000 L, 440, G0 L, a0, 000 2,400,000
--------------- --'-_-—-—{Pﬂan;: of Cheese/llour of Labor)----=-ssessuazx -
a1 115 114 142 2732 282
112 L57 1ap 250 nz Th&
112 165 200 279 321 408
118 165 200 267 315 n.a
INE 16l 145 261 il5 392

n.a. = not applicable



Size of Plapt. The size of the plant was, by far. the most imparcant
facter affecting the unlt costs of the mode] Cheddar cheese plants.  For exas-
ple, as plants increased the daily milk processing capacity from 480, Q00 ta
2,800,000 pounds, the production costs per pound of cheese decressed by approx-
imetely 50 percent for the whole ranpge of technologies and organizstions of
rroduction conaidered,

Praoduction Schedules, The daily and weekly production schedules alsao had
& significant impact on the production costs, Az the nurcher of aperating hours
per day and/er the number of aperating days per week increased Zfor any aize
plant, fthe usit production costs decreased In othar words, the higher The
plant capacity utilization, the Zewer the cost per unit of production in a
celected plant size.

Production Techmologies. The cost per pound of cheese dilfered zomewhat,
but mot significantly, between different ptoduction technolopies. For the most
part, the cost of the cheesemaking and hoopingpackapging technologies studied
ranked consistently Zor all plant sizes (Tables 154 & B snd L6A & 3). That i=
to zay. when any two technologiss, say A and B, wece compazed for ome zize
rlant and A had a lowar cost per pound of chesse than &, technologry & zlzo had
4 lower coat than, or at least the same cost as, technologr 3 for ths ocher
plant aizas,

For plants up to abouwt ane millien pounds of mlilk processine zApACity per
dav, there were clear cost differesces 1o the cheezemaclsg Cechmalapies stedied:
standard cheddarin:, avtomatic cheddaring, advanced chaddaring, standard soicced
curd, snd advanced stirred curd, For the larger silze olancs the differences in
costs dus te technolopy wece smaller than Eor smaller =size plants on & cents
per pound basis (Table 153B). However. the diffsrencss in costs due to technolagy
were about the =zamz in all plant sizes when viswsd az & percentage of total cosis,
Except for the standsrd cheddaring swaten, the chessemaking technolopies resulted
in ezsgentially similar costs in the warious larger plants.

For all plant slizes, the standard cheddaring techhnology had much higher
averaga srodaction costs then any other cheesemeking technology studied
(Table 134). The standard cheddaring technology was followad by the automatic
cheddaring, the advanced cheddaring, the standard stirred curd, and the ad-
wvanced stirred curd technologles., The twe granmular cheessemaking technologines.,
the standard stirred curd and che advanced stivred curd, showed some coss
advantages cwer the cheddaring technologles parifcularly in the smaller placis
(i,e, under one million pournkls of milk per day). However, for plants Larager
than one million pounds of milk processing capacity per day, cost differences
setwaen the autematic cheddaring, the advanced cheddaring, The standard stizred
curd, and the advanced stirred curd technologies were much lass impeortsnt thsan
in the smaller plants. For the larger plants, these four chorsemsking tech-
nologies competed very closcly cost wise and thelr cost diflerecces were sither
semall or nonexistent (Table 1383,

Hooping/Packaging Technologies., O£ the three hooping/packeging tachnologisas
stodied--regular 4l-pound, S40/40-pound & cutling line, and block formar--ithe

regular 4d-pound techmology had the highest cnst per pound of cheese produced
in &1l gize plants {(Table 16&). The plant size had an imporiant impacs on the
coat ditfference betwoen the regular 40-pound and the other two kecoping/packaging
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Table 13A. Costs for Varicus Chessemaking Techooleogles, Different Size Model
Cheddar Cheesa Plants Oparating at 100 Percent Capaclty with
Begular &40-Pound Hooping.

Cheezemaking Technology

Standard Buabomptin Avancad Standard Afdvsreed
Pl ant: Ched- T Chead - Stivred S+itrred
Rized daring drring daring Curd e

{(Cente per FPound of Cheegel

LA0, 000 25,3 24 3 20 2 237 a3.3
70, Q00 19.4 ig.? 1R .4 18 .2 17,4
Qe , 000 17.:3 16,2 16.0 15.4 15. &
1,440 000 5.7 13. 6 13.5 13.5 13.2
1, 800, 000 13,7 12.4 12.3 T2 T8
F_A00, 000 11, R 11.1 11.0 11.1 r.a.

Table 15B. Cost Savings of Various Cheesemaking Technoclogies Ower Stamdard
Cheddaring System, Different Size Model Cheddar Plants Operating
at 1) Percent Capacity with Begular &40-Pound Heooping

Cheesenakivg Tecknolopy

Automatic Advanced Standard Mdvancond
Cheddaring Cheddaripg  Stirred Curd Spirred Curd
Plant Size® B % % %
— g AL, Savine e b, Savimp & f1b.  Saving € Slb.  Saving
480, 000 1.2 4_7 1.3 5.0 1.8 ¥t | b B.h
T20, 000 I 5.5 1.4 7.0 1.6 B.1 1.9 W _h
QA0 , 0D 1.1 B4 1.3 T8 1.5 B.T7 1.7 G 1
1,440, 000 1.1 1.3 : B.2 [ 8.2 1.4 4
1,800, 000 0.8 &.0 0.9 6.8 1.0 T.6 L.G 7.5
2,400 0 0.7 6.0 0.8 L 0.7 6.0 n.a,

4 Pounds of =ilk per day.

n.a. — not applicable,
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technoleogies considerad. The cost disadvantage of tha rapular 0-pound hooping

methed dropped from mere than two cents per pound of chessa in tha AFD 000 pound
size plant to sbout 0.3 cents per pound in the 2,400,000 peusd sizs plant

{Table LGB}. For the most part, the hlock former and the E40/40-pound and cut.

ting line technologies conpared similarly in their ceost per wunit of productien
for all plant zizes.

Tahle 16&. Oosts for Varieus Hooping/Packeging Technologles, Different Siza
Model Cheddar Cheese Plante Opersting st 100 Percent Capacity snd
U=ing Stsndard Cheddzring Technology.
B Hooping, Packeging Technology o
Plant  Regnlar  Blaek  640/40-Pound
Sized &0 - Tosured Prtme & Cutting Line
I (Cents per Pound of Chossea)
480,000 255 7301 s
0,000 1% .8 18, & 18.5
A0 ,O00 17.3 16.5% 164
1,440,000 1é4.7 14.1 13.49
1, 800,000 13 .2 FET 12.8
2 400,000 11.8 15:5 11.5

Tabkle 16H. Cost Savingas of Variouws Heoping/Packaging Technologies Over Rezular
40-Pound Hooping System, Different Size Model Cheddar Cheese Plants

Operating at 100 Percent Capacity and Using Btandard Cheddaring
Technology.

Hﬂnpingfﬁﬁﬁﬁﬁéing Technnln;?

Elack Former 540,40-Found &
Saving dver Reg, _Catking Tine

Flant Sized 40 - 2pund Hooping Saving Jrrer Beg.
S0=Found Hooping

Centz/1b. Parcantagn Centa /b, Percaentags
480, 000 I.4 .4 L.& 7.1
T20,000 1. 6.0 | h.6
R, Qa0 0.8 0.6 0.9 3.2
L, 440, Q00 .8 4.1 0.8 3.4
1,800,000 B3 3.8 C.4 3.0
7,00, 000 o3 2.5 0.3 2.5

# Pounds of milk per day.



oiduction Schedules and Tewe ] i 1en., The menagements
of cheese plants have several options Eor erganifirg productiom in the short-
ruri, The mumber of production hours per day or the rumber of operating days
per weelk can be adjusted to meet changes in the milk supply, the demand Zor
cheege, or other variasbles affecting the cheese operation. The various alrcer-
natives for adjusting production have ditferent impacts on the production costs
per pound of cheeze, The optionz asvailable to the managements of chesse plancs
in the short-run were evaluated to determine the minisum coest alternatiwves for
different volumes of production that alsc form the short-rum cost curve,

Threa daily production schedulas, 24-, Z1-, and l3#-hours per day, were
conaidered together with three weckly preduction scheduleg, 7-, 6-, and 3-days
per week. The combination of a woekly and a daily schedule determined one
alternative of production and st the same time provides a level of plant urili-
zation, These alternative production schedules are imdicated in Table 17 to-
gethet with their resulting lewvels of plent utilizatiom.

Adjustments both in the daily ard weekly production schedules produced
changez in the production costs per pound of cheese in the same direction. In
othar worda, both increasess in the number of days per week and increases in the
numer of operating hours per day reduced sverage unit costs of production.
Likewise, decreases in the number cf daye per week increased unle costs as did
decreases in the number of hours per operating day., However, the mapgnitude of
the changes was different for each adjustment and for different plant sizes.
Tables 18 and 19 present the changes In cost per pound of cheese resulting from

Table 17. PFercent Plant Capacity Utilizetion for Model Cheddar Cheese Plants
with Ditferent Froducticn Schedules.

Weekly Schedule
Daily Sohedole® 0 FssossesdoamsssssassddesiEfesiossssziasitasbass

TR ——.

ot L L LT (PErCcentage) ==--s=s=s=csa--o

24-hours 100 g6 71
21-hours 43 71 &0
18-houars &7 57 &8

2 The plant milk tilling time in & Z&-hour day is 1E.5 hours; in a 21-hour
day 1= 15.4 hours; and in a l8-hour day is 12.3 hours.

increaszing the rumber of hours per day and the nunber of days par w=ek for a
grovp of selected technolegical systems. For all plant sizes and all tech-
noloples studied, Che averapge production costs decressed with either an in-
erease In the number of production hours per day or an increase in the
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Takle 1B, Production Coszcs for Four Technological Svstems Operating 6-Dave
per Wesk and Different Daily Preductien Schedules,

TN =

Deily Production Schedule
Tedhmological Eymtamy == co-rssessssssssssmsssreamsmnsssnssssseenmemee

Plans: Sized L8-hours 21 -hours 24-hours

(Centz per Pound of Cheese}
Auzomatic Chaddaring &
40 40-Pound Cotting:

al &80, 000 Pounds 26.6 255 23.C
By 1,830,000 Pounds 13.9 12.89 1233

tdvanced Cheddaring &
BElock Former:

al 480,000 Pounds 25.8 23.7 2E.
b} 1,800,000 Pounds 13.7 12.7 1z,

[

Standard Stirred Curd &
Block Former:

al 80, 000 Paurnds 24.9 23.0 971 .
By 1,800,000 Pounds 13.5 12 .6 a0

= .

-

Bdvanced Stirred Curd &
BEleck Farmer:

alk 480,000 Founda 24 .5 i 21.4
by 1,800,000 Founcs 13 € 12 .6 1.0
& Plant size given in pounde of milk per day.
mirhear of operating davs per week. The coat impacts of eperating more heurs

per day and more davs per week were comparable for the four selected technologiss.
Marecwer, the smaller the plant, the larger the cost advantage of operating moze
hours per devy and more davs per week., By and large, these reductions in product-
Tor costs resulted from increasing the use of the [ixzed assets and from taking
additionz]l advantage of other fixed costs (e.g. cerftain labor, cerzaim utilitizz)
in those planta.

Figures & and 7 Llluetrata tha changas in unit cost for twe Aalactad cechn-
ologies and plant sizes for all the diffarent production schedules studizd, Thea
ralationahips chsarved between productlion eorganizations and unlt cost hold fer
211 the other plants studled., For any plant eize, a T-day, Z4-hour producticon
schedule resuvlted lo the lowest swerage cost of prodoction. The rzeults zlso
indicate that the daily production schedule [i.m. che mmbzr of production hours
per Jdav) haz mere of an impact on the costs of produckion than the weekly produce-
lon echedule (i e ~he rmmher nf ra-|_1-:-.|":||.1-|5 :!.-1_1_,r,-; peY ‘-.‘l:‘t-:-:'h::l, Frr nwnmp]nl the



Table 19, Production Coste for Four Technolegicsl Syetems Operating
21-Aours par Dsy and Different Weskly Production Schedules.

Hnahlj Production Schedula
Tuthﬂnlusi:;l Eyztnnf PR A TR

Plant Sfizef S-days b-days J-daye

e ——— e ——

{Cente per Pound of Cheega)

Sdutematic Cheddaring &
&40 00 -Pound ﬂuttfrg;

&l AED, 000 Pounds 5.5 2.5 2%.7
By 1,800,000 Founds L1.4 12.0 12.5

Advanced Cheddaring &
Block Farmer:

ad SBC,CO0 Pounds 146 23.7 33.0
by 1,B00,000 Pounds 13,2 Lz.7 12.4

Standard Stirred Curd &
Block Formarx:

al ﬂﬂﬂlﬂﬂﬂ Pounds 3.8 3.0 I

By 1,800,000 Pounds 13.0 12.6 12.2
Advranced Stirred Curd &

Block Former:

al 80,000 Pounds 21.5 22 .6 22.0

by 1,800, 000 FPounds 11.1 12.6 b

4 Plant uiae glven in pounds of milk per day.

model plants had the same level of plant usilization (Fli) with a 5-day, 24 -hour
production schedule or with a &-day, 2l-hour preducztion schedule, Howewver, the
cost per pound of cheese waa different between these two organizations of product
ion for all plent aizes and techmelegies. The 6-day, 21-hour schedule always
had a higher cost than the 5 day, 24 -hour schedule (Figure 8). This difference
in cost is explained mainly by the addicional start up ocoste and cleaning costis
incurred in the é-day production crganlzatlion we. the 3-day production orpanizat-
ion, The importance of the impaet of the changas in production schedules also
can be chserved for all siza plants in Figures 9 and 10.

Charges in preduction schedules have a largsr impact on fixed costs of
production {i.e. capital investment, property tawxes, insursnce costs, apd other
fixed expenses). TFixed costs per pound of cheege almost double with s change
in production echedule from 7-days, 24-hours to 5-days, 1B-hours. This makes
fixed costs relatively mere important and varlable coste relatiwvely less import-
ant in plants with lewar plant capaclity utilization.



Figure . Average Production Costs in a Cheddar Cheese Plant with 480,000 Pound:
of Daily Hilk CGapacity, Using Standard Cheddaring and Regular &0-Zoun

lechnolegies, and Operating with Different Preduction Schedulez and
Various Levels of Plant Capacity Utilization.
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Flpure 7. Average Productien Costs in a Cheddar Cheese Plant with 1,800, 000

GCost Per Pound of Cheddar Chaese (Cents)

Poumids of ]Ilni]_}' Milk Capacity, Using Aavaneed Stirred Curd and Block
Former Techmologies, ard Operating with Different Produccion Schadulac
and Various Lewvels of Flant Capacity Utilization.
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Figure &.
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Cozt per Pound ¢f Cheddar Chaesg [Caenizl

fverage Production Costs feor Different Sixe Cheddar Cheese Plants Using Automatic Cheddaring and

600,/480-Pound Tachnologies, Operating Twe Diffzrent Production Schedules with the Same Level of
Flant CapaciCy Ucilizaticn.
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Figure ¥ Average Production Costs for Different Size Cheddar

Cheese Plants Using Avtomntic Cheddaring and
B40/40-Peund Technologies,

Operating 7 Days per Week and Various Paily Preduction Schedules.
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fverage Froduction Costs for Differemt Size Cheddar Cheese Flants Using puctomatic Cheddaring
and 640/40-Pound Techaologies, Operating 24 Hours per Day and Various Weakly Producclon
Schedules,
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Aty change in the production schedules also affects more drastically The
unif costs lu smeller plants than it does in lazges ones. Thia is partiscularly
fmportant since smaller plants already have a very large coat disadventage
given by the size of the cperation.

Economies of Size

The leng-run cost curve ia a planning curve. Once a plant is buoilt and
production s undertaken, the firm operates on one of the short-run curves. In
the long-run all factors of productioen are warlable. The capital resmurces
used in productien (L.e. bullding and equipment) wear out and mansgement can
replace them with new, more efficient ones, Management abllities change be-
cause of experience and additional tralning. In the long-run a Elrm can also
change the alze of an operation. Thua, In thia perled meanagements that are
planning to re-equip or build new plants can evaluatz all the preduction alter-
netives evaileble &nd select the technelegica that are beat for cach lewel of
Sutput,

The long tun cost curve for Cheddar mamafacturing is the envelope of the
short-run cost curves of the different plant sizes, giving the least cost for
each level of cutput (Figure 1l). The advanced stirred curd technolegy prowvided
the least ¢ost cheesemaking syatem for eperations wicth a capacity of 1,440 000
pounds of daily milk capacity or lesa. For the 1,B00,000-pound pleant size, the
standard stirred curd as well as the advanced stirred curd technologies provided
the least-eost cheesemaking optiona. On the other hand, the atandard stirred
curd and the advanced cheddaring previded cthe minimem coat cheeaseamaking tech-
nnlnEies far the Elhﬂﬂlﬂﬂﬂ-Fnund Plnnt size, F'innll}-'J cither the block formar
:ndf&r the Eﬁﬂfﬁﬂ-pﬁuﬂd and nuttlnﬁ line Ecchnnlngins Ftnvidcﬂ the loast oozt
hnupingfpdtkasiﬂﬁ sYstems For the different Flunt Gires studicd,

The industry apparently faces significant economies of size in the producs-
icn of Cheddar cheesze. An cutput of about 2.3 millicn pounds of chee=se per
year processed in & plent with a daily milk procesaing capacicy of 480,000
pounds, can be produced at a cost of approximately 27.8 cents per pound.
However, an output of about 87.4 million Pnunﬂg of choese Prpﬂugnd in a plant
with a dally milk processing capacity of 2 400 000, only costs opproximatcly
11.0 cente per peund. Theze economiss of slze In Cheddar cheese mamufncturing
can also be obsarved in the diffarant coet items. For example, when the trtal
output per yeatr increasaes from asbout B,.3 million te 7.4 million pounde of
cheese, labor cost per pound of chassa drops by asbout 70% and cspital coeie per
Pﬂund of cheesa bj about T7%.

Tha aconomias of size are particularly impertant for average processing
volumaes of milk of lasz than 1,500, 000 pounds par day or total productien less
than 40 and 50 million pounds of chessa par wear. In this range of production
the evidence indicates that a naw lann Plnﬂt that oparatag at much less than
full capaelity will produce a ssezifiz volume of cheese per year at lowar wunic
cost than a new, but smillesr plant operating at full capacity. The aconomies,
of zize more than offzet some of the dizeconsmies resulting from operating s
plant at lesz than full capacicy. For example, a total output of about
17 million pounds of cheege per year could be preduced at a 3 to &4 ceants lower

LA



Figure 11. Long-Run Cost Curve for Cheddar Cheese Productian
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cogt per pound in a Chaddar cheese plant with 360,000 pounds of daily milk cap
acity than in a plant with 430,000 pounds of eapaaity.

In genaral, the higher capital costs resulting Erom the additlonal ecapital
invastmart required o bulld and equip a larger plant are more than offeet by
the savings in labor costs obtained wvhen proceseing s given throuphput in a
larger cgeration, The major reazen For lower uanit costs baing achiewved in pro-
cesging a given voluse of milk in a ‘l.:.'rgn'r Plﬂ."‘l.t operating balow full capacity
than ir 2 smaller plant aperating at capagity, is that lebor costs in the emaller
gize plants usually account for as much as four times the capital coste on a cost
per pound of preduction basis., In ethar words, tha sverage lashor savings chtain-
ed fron running the same velume of productien in a laroer eperation Imstead of a
smallar ene could enly ba offset by an increass in total investment easts gener
ating increases in avarage capital costs of about four times the mapnitude of
thosa labar 5:.11'1::3,5.

It cghould be remembered that the long-rfun results cbserved here pesd to ba
corsidered togather with vaw millk assembly cozts and the cheese marketing condit-
inme for A particular location befors a plant zelectlon 1z done for a certain
leve]l of output. Some of the scomomiez of production could be substantially off-
sat hy dissconomies in zome of the ather activities of a business,

ensitivi fiu) rodustcion Cost Ezblmates

The productlion ecost estimates reportaed thus far have besan caleulated undexr
etabed condltions . The wariaias JEEmFtiDTIE used in m:ndnlinﬂ tha Chaddar cheaaes
Pl;nts ware [izad and no -Eh::.iﬁ_ii consrdared up ko this point. To ohsearva Zha
Impact of praduction costas of changineg specifie warishlesz, some of those infecial
eecumptiomse ware relaxed. The raeulte were teated foar their sepsicivicy with
raspent o thres warishlas considerad particolarly iepartsnt in Cheddar plants:
cheage yiald, labor rates and interest rates. Also, the sensitivity ef the
results to warioone lewelsz of capital inwvestments was tested.

Effect of Cheege Yields, Cheddar cheeze yields normally wvary widaely during
the year as a result of zeazonal changes In milk compozition and theoretical chasse
wield (Barbano, DellaWalle, and Olzon). In addition., there can be plant-te-plant
and dav-to-day differencesz in the efficiesncy of recowery of the thesreticsl checse
enlids present in the milk J:e'.:ll'l]'l'l:,r &1 r'.hnng_n in :rl"-I-FL]ﬂ {whathart it is fues to
chnngn in tha chen=a :,,rinlr] patantial of the milk ar o ineffieient reoovRTY nf
potential cherse soalids) has a direct impact an cheese productieon eests because
less cheese (s produced with the same amount af laber, inpgredients, ard equipmont
The lower the cheese yield, the hipher the preduction costz per pourd of chenso
gnd viss vAT=aa 4 sacond, ar indirect, iepacst alf lewer chease }Ifh!:’.n iz the rnst
to the chesss aparstinn nf nat prnrlur'."l ng As murh cheese as atharwise woeld have
been produced snd thus lasing sales reverues, TIn the fallowing discussion we
will address the direct and indirect impacts of differences in cheesse an'lr!.

In 511l comparisons made in chis study, it Is assumed that the differences

in price that chesse plants pay for milk will accurately reflect the differences
in yiald patential of the milk (thus a plant that buys milk with a lower cheese
yield potential pavs a proportionately lower price - in reality this may not be
true), Tt iz also assumed that the recovery of theoretical wyield ir ecach case

ig 100%. Divact praduction coste impacts per pourdd of cheese for three differer:
cheese yield patentials ara pregented in Table 20 for a selected group of tech-
neloglieal systems. The abzalute changes in preduction costs due to changes in

a0



Table 20. Preductieon Cests [vr a Selected Group of Hodel Cheddar Cheese Plants with Diflerent Cheese
Tield Potentials,

Flant Size (Pounds of MI1lk par Day)

Cheese - i e R, s SSRGS SeSeEam .-
Plant T¥pe YTield 480,000 Tl a0 260, 209 L,440,000 1,800,000 2,400,000
(%061 cmemsetirasensnanns {CANCE POE Pound o0f ChEBSE)-=c=-=cmsernisesss
standard Cheddaring 10.3 6.4 22,5 17.9 Ly, o 12.2
% 40% Hooping 10.6 27.2 Z1.0 13,4 15.5 14.0 TEo®
9.5 28.5 2.1 18,3 16.3 14.7 . P
seandard Stirred Curd 1C. 3 223 17.4 15.5 13.4 T8 5 11.32
& Block Former 10.0 23 .0 18.3 1.1 13i.8 12.6 11.5
8,-B 24 .1 19.2 1a. 8 14.5 13.2 12,1
Automatic Cheddaring 10.3 23.8 13.4 16.1 13,5 12.€ 11.3
& 640/ 40% Cuteing 10.0 24.5 16.9% 16.6 13.9 12.4 11.6
9.5 25,7 19.9 17 . 4 1, & 134 12.2
Advanced Stirred Curd 10.3 22.1 17.5 15.4 13.3 1Z.13 n.Aa,
& Block Former 10.0 22, b 15.0 15.49 13.5 12.6 mn.a.
9.5 234 158.9 16.6 14,3 13.% n.a,
Advanced Cheddaring 10.3 23,0 18.2 15,9 13.6 12.4 11.2
&% Block Former 10.49 23,7 LB T LG, & 13.% 12.7 115
9.5 2% .9 19,6 T . i 14 . B 13,3 12.0
Daily Change in Chesse
Praoduction per 1%
Change in Cheese Yield
a0 Lo BEOQ 1,200 1,500 2,000

(Pounds)

4 pPlants cperating 21 hours per day and & days per week.

mn.si = pikk .1'|1|I|[r'.'t|!l]i'



cheese yield potential are larger for the smaller, higher cost plants than for
the larger, lower cost plants across all technologles, However, the percentage
impact on the production cost of a change in cheese yleld was similar for =1l
systems and plant sizes. A cheese yleld change of one percent generated & change,
in the cpposite direccion, of abourt one percent in the production costs per pound
of cheese. This relacionship refleccs cthe fact that, except for packaging sup-
plies which vary directly with cthe weilght of cheese produced, the total product-
ion costs in a Cheddar cheese operacion are not affected by changes In the cheess
yield. ©On the other hand, the volume of cheese over which those totsl produccion
costs are spread varies the same relacive amount as the cheese yleld, The
480,000 plant size with standard cheddaring & 40 lb hooping (Table 2C} would have
an additional cest of 2.1 cents per pound of cheese to handle milk with & 2.5 1b
per hundred welght yield potentcial versus a milk that would yield 10.3 lbs per
hundred weighc, Since the milk only had a yield potential of 9.5 1bs per bundred
welght, which was assumed to be reflected in the price paid for the milk, there
vould be ne indirecs: less due to cheese vield potential thel was not actueally
recovered

In previous studies of cheese manufacturing pt:fqrmanﬂu?. it has been deter-
mined that nmot all Cheddar cheese plants have the sane efficiency of recovery of
theoretical cheese solids, Our previeus report indicated an average percent Ire-
covery of 97.1%, with a range from 99.04% co 94 . 43%, The data presented in
Table 21 give an assessment of the impact of variation in efficiency cecovery of
potential cheese yleld on wanufacturing costs per pound of cheese.

The jpdirect impact resulting from the lost cheese sales revenue is much
more significant than the higher direct manufacturing cost per pound of cheese
resulcing from the lower cheese yleld. The iIndirect impact of lower cheess
production per day resulting from less than optimal recovery of cheeze yield
puLe:LLiu.]. can be measured |.:.t:.‘|.u.'|._|"I an uppnrtuni.t}r cost concepl, The LTINS Cuni Ly
cosl represents Line Eurﬁunl: revernues resoal I:ll.ltl; from lower cheese sales, .Pu:|_':.'
additional '_Jr_1l.|.1.|.-'_'|. al chesse mauwlactured at the ].I'].H.I:"'.L from the milk |.1|.u1:l|-_':::=-rl
would have generated additional reveoues equal to the wheolesale price of cheese
winus the packaglog costs directly associated with that additional cheese.
Thus, the toetal indirect cost impact of lower cheese yield efficiency can be
measured by multiplying the pounds of cheese that were not produced by the
wholesale ]:'ri_:i: of cheeze mimi=s the FHCL'-H.S’-I'*B cost= for that cheese.

For sxample, we may have two identical cheese plants that have purchased
milk with the same Cheddar cheese yield potertial and we assume that they have
paid the same price for that milk. &An evaluation of the true impact of lower
efficiency of recovery of cheese yield potential is given in Table 21, a
430,000 1b per day standard cheddaring plant with 2 40 1b hooping line has a
production cest per pound of chees= of 27.2 cents &t a }field of 10 lbs per
hundr=d HtiE:h'I: o in other words 100% effi-:iem:}r. At a 0.5 1k }fizld pet
hundrad weight, the plant would have a true cheese menufacturing cest of 34.3

?tha-Diahlngtﬁn. et al, ibid, snd D. M. Barbano, and J, W. Sherbon.
"Iheese ¥ields {n Hew York", J, of Dairy Science, E7:1E73-18283 1984,
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Table 21. Production Costs for a Selected Group of Model Cheddar Cheese Plants with Different Cheese
Yield efficlencies with Lost Revenues from Lover ¥lelds Conslderedd

Plant Size (Pounds of Hilk per Day)

ghﬂﬂ-ﬂ‘ﬂh _______ P T EErEE e 00 RS ESEDEE S S S
Plant Typa Yield 480,000 720,000 960,000 1,440 000 1,800,000 2,400,000
o1 i o e (Cents per Pound of Chesge}-------mmeoooonoo
Standard Cheddaring 10.0 av.2 21.0 1E.4 15.6 14.0 12.5
& 408 Hooping 9.5 34.8 28.4 5.6 22.6 £1.0 19.4
Standard Stirzed Curd 10.0 3.0 18.3 16.1 13,8 12.6 11.5
& Bloclk Former 8.5 30,4 25.5 23,1 20.8 195 1E.&4
Autematic Cheddaring 10, 0 4.5 1e.9 16.6 13.9 12.9 11.6
& 240000 Cucelng . jz.o 26.2 231.7 0.9 19.B 18.5
Advanced Stirred Curd 10.0 22.6 1.0 15.9 13.6 12 .6 n.a.
& Bleck Former a5 30.1 25.2 2.9 20.6 1.5 Ti.d.
Advanced Cheddaring 10.0 23.7 18.7 16.4 13.9 12.7 11.5
& Block Former 0.5 312 25.9 23.5 20.9 19.6 18.3
Daily Change in Cheese
Produstion par 1%
Change in Cheese Yield
(Pounds ) 400 GO0 BOOD 1,200 1,500 2,000

2 Plantz operacting 21 hours per day and 6 days per week. Lost revenue from lower yields (1.e. wholesale
price less packaging costs) assumed co be $1.20 per pound.

B 4 9. S#/cwt yield would correspond to a 95% efficiency of recovery of cheese yield potential assuming all
plancs use a mllk with a cheese yield potential of 10w/ cwt.

n.a. = not applicable.



cents per pound or an increase of 7.6 cente per pound. Of the 7.6 conts per pound
difference in manufacturing eosc, 1.3 ecente ie a result of dircet cests while

B.3 centr (82.9%) is due to the lose revenuse (indirect cost) because cheesc that
should have baen recovered based on the yield potential was lest in the by-product
streams, Thess losgee can be in the form of fat In the whey, whey fines, flcox
waste, separator sludga, atc. Some of thess cheese solide that were not recovered
as cheeze may be recovered in by-products and some valuae may ba obtrined for them.
This wvalue would be credited against the 6.3 cents in lost revenuae. Fat receverad
from whey would be the major sy-product recovery item of significant walue., Tha
welue of cheesze selids in by-praducts 1s lower than in cheesa,

This example 1llustrates clearly the significant impact that a 3% differsrce
in cheese yield efficlency can have on Cheddsr chasse mamufecturing costs. It
iz not unconmon to see this amount of difference betwesn plants and in the 11
cheeze plant survey the obzerwed high/low range in cheess yield efficiency was
approximately 5%

Effect of Various lLahar Rates. Wage rates in Cheddar cheese operations
wvary widely from plant to plant and, to some extent, regionally. Since Cheddar
production {s relatively labor intensive for sll the technologies studied, Ty

variation in lahar rost translates into relatively important changes in the wnit
cnets of production,

The costs per pound of cheese for a selected group of technolegical systems
were caloulated uwsing various wage rates representative of the range of labor
rates observed in the Cheddar plants vigited earlier in the study. Changes im
the cost of lahar affacted tha smaller plants and the lshor intensive technologies
(e.g. standard cheddaring wicth repular 40-pound technolagies) more than the lsrger
plants and the capital intensive technologies (Table 22). The differences in
average production costs between smaller and larger operatiors increased with high.
er wages and decreased with lower wages. Changes in wage rates had & larper
effect on smaller plants than larger ones because of lower lsbor productiwvicy in
the spaller operations. Depending on the technology it use snd the size of the
operation, production costs change between 30 and 60 percent of the relative change
in the eostc per hour of labor.

Effect of Inberast Bates. & 6 percent pegl interest rate was used in
estimating che production costs for the model plants. The real interest rate
af a firm may changa if the risk factor for that business also changes. To
assess the impacts on the production costs of changes in the interest rate,
waricus interest rates were studied (Table 23).

In general, a change of ome percent in the Interest rate had a very snall
inpact on the average cost of producing o pound cf cheese., The relative insen-
sitivity of unit production costs to interest rates results from the relatively
small importance of capital costs in Cheddar cheese operations compared to
nther production cost categories (e.g. laber and materials), The effects of
changes in the interest rate are slightly larger in the more capital intensive
technologies (e.g. sutomatie cheddaring, advanced stirred curd, advanced ched-
daring). However, except for the smallest plant {i.e. &80 000 pounds of milk
per day), the vffects of different intersst rates are essentlally the sane in
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Table 22, Production Ceosts

for a Selected Group of Model Cheddar Cheese Plants with Different Labor Wages®.

Flant Type

Flant Size (Pounds of Milk per Day)

Stendard Cheddaring
& 4l# Hooping

Standard Stirred Curd
& Block Former

futomatic Cheddaring
& 640/40#% Cutting

fdvanced Stirred Curd
& Block Former

Advanced Cheddaring
& Block Former

labor @  ====s== sEEEmE, Em=EmsE feTE=EE  SnEsmEs 002 s@sEEss
Wages 480,000 720,000 960,000 1,440,000 1,800,000 2,400,000
(S/HE.} cecsssassssssss=s==={Cants per Found of Cheese)-essccccacanaaaaas -
7 23.8 18.6 LG, & 14.1 12.8 LL. >
g 27.2 21.0 16.4 15.46 L4, 0 12.5
11 0.6 23.4 20.4 17.1 15.2 13,5
7 20.5 16.5 lia 6 12.7 11.7 1. B
9 23.0 18.3 16.1 13.8 12.6 11.5
11 255 20.1 17.5 14.49 - [ 12.3
7 22.0 17.2 15.2 12.9 12,0 11.0
9 4.5 18.%9 16.6 13.9 12.9 11.6
11 26.9 20,6 1E.0 14.9 13.8 12.3
7 20.13 16,3 14.5 12.6 11.8 N.48.
2 22.6 18.0 15.9 13.6 12.6 n.4a.
11 25.0 19.7 17.2 14.7 3.5 ..
7 21.3 17.0 15.0 12.9 11.9 10.8
g 2.7 18.7 16.4 13.9 12.7 Ll
11 26.1 20,4 17.8 15.0 13.6 12,2

4 Flante operating 21 heurs per day and 6 days par weak.

p.a. = nob applicable,
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Table 23, Production Costs for a Selected Group of Model Cheddar Cheese Plants with Different Interest Rates®,

Real Plant Size (Founds of Milk per Cay)
Interest = ===---- ittt LN & E L LR T - mmma semmnae

Plant Type Rate 480, 000 720,000 960,000 1,440,000 1,800,000 2,400,000
%) cessssaccasansanans(fonts par Pound of Cheese)----=-=semrmamomnan
ftandard Cheddaring 4 26.6 20.6 18.0 15.2 13.7 12.2
& 4% Hooping (] 27.2 21.0 18.& 15.6 14.40 12.5
B 27 .1 21.5 18.8 15.9 14,3 12.8
Standard Scirred Curd i 2.4 17.8 15.7 13,3 12.3 11,2
& Block Former & 23.90 18.3 1€.1 13.8 12.6 11.3
8 23.6 18.E 18.5 14,2 12.9 11.8
Aucomacic Cheddaring £ 23.8 18.4 16.1 13.53 12.5 11.3
& Baldsade Cotting B 4.5 18.9 16.6 13.9 12.9 11.6
8 23.1 1%.3 17.1 14.3 13.3 12.0
Advanced Stirred Curd 4 22.1 17.8 13.13 13,13 12.3 n.a,
& Block Former ( 22.5 14.0 15.9 13.6 12.6 0n.a.
a 23,2 18.35 16.3 14,0 L3.0Q n.4a.
Aclvrancead Cheddaring & 23.0 1a.2 15.9 13i.& 12.4 11.2
& Block Former B 23.7 18.7 L6, & 13.9 12.7 11.5
B 24 .3 18.2 16.8 14.3 13.1 11.E

& Plants operating 21 hours per day and & days per week,

n.a, = not applicable,



gll gize plants. This can be explained by the lack of any specific relatlion-
ship in the relative importance of capital costs in the various size plants,

Effect of Differences in Investment Costs. Although the initial capital
investments In the modal plants were carefully estimated, managers, for various
reasons, might be interested in the affects on production costs of initial
capital investments belng higher than those assumed in the basic model plants.
Thus the effects of having four different levels of investments--35%, 70%, 100%
and 140% higher than asgumed--om the epat per pound were determined (Table 24).
The reasons for selecting these particular lewvels of higher investment are
explained below.

1. 35 Percent Hirher Ipvestment. The construction of the model plants can be
described as comservative and functional--mot fancy. The model plants provide
only for plant effice space--not "plush" corporate office space. Although the
control systems in the plants use programmable controllers, the plants could
have been built with a higher level of automatic eontrols. Moreover, no allow-
ance for contingencies is in the model plant investment costs. The use of more
expensive (but not more functional) construction materlals, the provisiom of

moce costly corporate office space, and the provision for superautomatiom and
for contingencles could well increase the Initial capital inwvestment along the
order of 310 to 35 percent.

Since the aging of the cheese was considered part of the marketing function-
=00t the production function--no aging cooler was provided. The provision of
storage for 6-months aging would require an investment equal to about 25% of
the cheese plant investment in the case of the smallest plants modeled and
gpproximately 50% of the investment in the largest plants. Looking at all =ix
sizes of plants modeled, the added investment for 6-months aging storage would
aversge approximately 35% of the cheese plant investment.

Thus inmcreasing the capital investment by 35 percent can be viewed as
representing either the provision of a fancier plant with more highly-automated
controls of charging production with the investment in &-months aging storage.

2 0 Pepcert Higker lowestment, The costs of producing Cheddar cheese if

the initial capital investments were 0 percent higher than in the basle nodel
plants also represents elther one of two possible situations. First, the pro-
vision for more expensively constructed, more highly automated plants together

with charging the Investment in B-months aging storage to productlion (see above
scenaric}.

The other possible situation represented by increasing investment costs 70
percent would be ome where revemues from the whey operations covered the annual
operating costs of the whey plant, but net the capital costs (i.e. depreciation
and interest). Thus manageoent vieved the capital costs assoclated with the
whey plant as part of the cheese productlon costs,

.1 100 pPercent Higher Investment. The initial investments would be sbout LOO
percent higher than in the basic model plants if the plants were conastructed
with more expensive materials, more highly autemated control system and larger
pffice space (scenario mumber 1 above) apd {f the capital invescment In the
vhey plant were charged to cheese production (see scenario mumber 2 abhove).



& . l&ﬂ PEFQEﬁt Hi ehar Tnvnntqﬁna_ An incressa aof 1A4f FRTrEnn in tha nnpital
investment in the model plsnts represzents the situstion vhere the invastnents
in G-months of aging storage and In the whey plants are charged ta chesss
production along with the provizion of a plant constructed with more costly
materials, more highly-autemated control systems and with £ corporate office.

The effects of higher investment rates are sonevhst smaller than might be
expected by zome (Table 24%. An inereace In capital investment in the larger
plante has a much 2maller effect on the cost per pound of cheese than for the
emaller plsntz. For example, the incresss ir the cost per pound for the snallect
plant, 480,000 pounds of milk s dsy, is ?.33 times grester than for the largest
p1nnfr ?Ihﬂﬁ,nﬁﬂ pnunﬂs nf milk = ng_ This reflartes tha fact that nnpifnl
costs hecoma a smaller percentags of total cest per pound of chesse zz plant
cize increases. Although ss plant =zize increscec the actuwal increase in per
pound chezzs costs dus to incressed capital coct iz significantly emaller, the
percentage increase in cost i= only marginally smaller.
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Table 24. Effects of Tnereasas in Initisl Capital Inwestments on Coste for a
Selectad Group of Model Cheddar Cheese Plants®

Percentage Incrassa in Capical
Ivestment Dver Baric Model TFlants

Plant Sizel 153 70% L0 T 1h0m

Cents per Pound of Thesse and Percenkage

G50, D00 Total Cost - ¢ 218 5.2 PhRA 29 .0
Increase - 1.4 ?.R 4.0 2.E

- % 6.3 172.5 17.9 25.0

120,000 Total Cost - ¢ 19.0 01 "1 23 .3
Increase - 1.1 7.7 11 .4

= % 6_2 12.3 17.3 P06

Sa0, add Tatal Cost - & 16,6 17 .6 184 12.4
Increase = + 0.9 1.9 2.7 1.7

- % 5.7 12.1 17.2 234

1,440,000 Toetal Cost - ¢ 14.1 14.9 15.5 16.4
Increase = i 0.8 1.6 2.4 a1 |

- % &0 12.0 16.5 23.3

1,800, 000 Taotsl Cost - o 12.49 13_5 14.1 14,4
Incraase - & 0.7 1.3 1.% T.7

- & 5.7 10,7 15.& 2.1

2,400, 000 Total Cest - ¢ 11.7 12.3 1.8 13.5
Ircresge - g 0,& 1.2 1.7 2.k

- 3 5.8 108 15.3 21.6

8 Plants using autometic r-.'hn-ﬂd;'r"inﬁ an.!ﬂflrll.rlﬁ:r‘ with hlnck former and oparating
24 hours per day, & dave per weak,

= Pounds of milk pez day



GLOSSARY

ed Cheddar - Cheddar cheese that has beem stored SLX months or mors at Temp-
eratures hetween 35 and 4% ° F.

fAssambly - The phy=ical movement of milk from the farm where it is produced Lo
the plant where it is processed. This nay invelve cransshipment through a
recelving station but does not inelude plant-to-plant transfers. HMilk
aszemhly inwvolves the logisties of routing milk trucks from farms to plants
and the cocsts are principally those inveolved with the pic up and hauling of
the milk.

Bacteris Court - A process to control gqualicy of milk by counting che number of
bacteria per milliliter, grading the best resulcs when less bacreria Is
abaerved,

Barrel theese - hound style of cheese with a diameter of 22 inches and a height
of 34 inches. I1ts minimum weight is 470 pounds, The chesse In this style
is held for storage in plascic¢ lined STeel Or coryugared paper contalpers.
Generally has low moiscure concent, less cthan 24.3%, and 1= used as a raw
macerial for manufacture of processed cheese and cheeae foods.

Biological Oxveen Demand (BODY - The ampunt of oxygen required for digestiom of
organic material in selution in waste water. It iIs a m=asure of the
pollution power of liguids.

capital Investment - The money needed to supply che necessary manufacturing and
plact fscilicdes is called the "fixed capitsl investment", while the monsy
necded for the operatiom of the plant is referred to as "working
capital.” The sum of the [ixed capital Investment and Che working
capital Is known as Lhe total capital invesLiment.

fasedy - Caseln ds a fraction of milk proteln, representing about B0 percent of
true protein found in milk. Hilk casein is of special importance in
cheesemaking, because the yield of cheese is dependent largely upon the
milk casein content.

Chedcaring - Maim distinctive Ceature of one of the Chaddar methods ol
cheesemaking. It has two basic steps: a) matting of the curd and, b}
cutting curd mat into blocks amd continuing the operation of piling and
repiling curd blocks for about twe hours. The purpese 1Is te control
bacteria grewth, to obtain a more uniform structure of the cheese, to
contrel the cheese moiscuse, and to attain proper texture of the curd,

Cheese Bipening (Aging) - Process during which the curd, in the form of freshly
made cheese, 1z subjected te the actlon of microorganizms and enzymes to

produce characterisciec [lavers, texture, and other desired properties.

Clean in Place (CIPY - Automatic system to clean equipment without
disassenbling it with no or wvery little effort on the part of the operator.

Commodity Credit Corporation (G08GY - An agency within che U.S. Department of
Aprleulture, [Frice suppert parchssass and many other stabillzaticn and
related activities invelving expenditurcs of funds are conducted in the
nams of GGG,
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Copking - Heating the curd to increase the speed of whey removal, Increasing
the temperature of the mixture of curd and whey hastens formation of lactic
acid, accelerates the actleon of rennet and thus assists in reducing the
moisture content of the curd,

Curd - Thick casein-rich part of coagulated milk.

Dairy Price Support Program - A program of the Federal povernment to support
nilk prices through purchases of manufactured dairy products by the TUSDA,
The purpese is to stabilize milk prfices and enhance incomes for milk
producers, The target farm price goal is achieved by settimg the purchase
price for manufactured dairy products at appropriate lewela, Different
systems can be used to determine the support price or purchase price,

Daisvy - Style of Hatural cheese eylindrical in shape, 13 1/2 inches in diameter,
4 172 inches high and weighs from 20-22 pounds, TIf three cheeses are packed
in & box they ara callsd tripls daizias.

Economic-Enginesring Approach - Also referred as the building block approach,
the engineering approach, or the synthetic approsch, It synthesizes cost
functions from engineering, biological, or other detailed specifications
of input-output relationships.

Economies and Diseconomies of Scale - Are a special caze of economies or dise-
conomies of zize, Befer to the impact of an increaszed ocutput upon average
gosts when all inpouts incressed in the szame proportion.

Economies and Diseconomies of Size - BRefer to the impact of output expansion

upon average costs. The inputs are combined in any ratioc that minimizes
the cost at each lewel of output.

40 -Pound Bloeck - S5tyle of Hatural chesse that is rectangular in shape. The

dimensions are 14 3716 x 11 3/16 % & 1/2 inches high and weipghs a little
over 40 pounds.

Grade A Milk - Milk produced and processed under the strictest sanitary
regulations prescribed, inspected, and approved by the Interstate Milk
Shippers Divieion of America Fublic Health Cepartmerts. In most markete
milk used ir any dairy products intended for corsumptionm inm fluid forn
must meet this inspecticnm standard.

Grade B Milk - Milk produced sand processed in keeping with senitary regulsations
prescribed, inspected, end epproved by public health suthorities for milk
ta be used for mamfectured products only.

Lactic Acig - Produced in milk during cheesemaking. This may be accomplished
by the addition of a prepared culture of ectively growing lactic acid
bacteris, called starter. These bacteria ferment the lactose in the milk
to lactic acid. The major purposes of the lagetic acid are (1) to make
possible the proper coagulation of the milk by remmet, (2} to repress the
growth of undesirable microorganisms in the milk, and (3) it is the chief
agent that makes possible the controel of moisture im the curd and also cthe
control of cheess texture.
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Hapufactured Dairy Produsts - Include most dalry preoducts which are not ecld in
fluid ferm with the excepcion of condensed or evaporated milk., These
producte ineludes chaesze wvarietles, butter, evaporated whola milk, condensed
whola milk, condensad skim milk, whole milk powder, mon-fat dey milk, ice
cream, ice g¢ream mix, frezen desserte, serated cresm, frozen ard plastic
cream. Manufactured producte require, in most ceses, more processing to
reach final form cthan do fluld milk products.

Midget - Style of Hatural cheese eylindrical in shape, 9 3/4 Inches in dizmeter,
5 inches high and welghs 11-12 pounds. 1If packed two teo a bex, they aze
called junior twine.

Hilk Bipening - Refers to the formation of lactic acid (prior te sdditiom of
Tannat) I:-:,r thae addicion of = prnpnr\n:'l culture of :.-nt;ivn:l,}r Erw{ng lactic
Aeid hacteriz, zalled starter,

Hilk Solidg - Milk solids maks for about 13 parcent of the totsl milk componencs.
The other &7 parcant is watar, The most significant omes sre fat, protein.
casain, lactora, And minsrals.

Hatural Cheese = Cheasso made d!’.t‘uctljr from whole =illk u.:i'nE tha Eul:tn:;f:t,
protein, and minerale of milk to make up the curd for the Matural cheese.
The curdsz are pressed inte warious forme to provide the finiched product.

Pagteurization - Process of heat-treating liquid foods to prevent bacteria or
organic spoilaga.

Frotain - Total pratein refers to all the nitrogen in milk or cheese reagardles=s
of itas Form, Trur pt‘nl‘:nfn ia rha Ental pfntnfn mirus Fhea nan=protrin
nitrogan [(MPM} fraction, arfizing from free aminoacids and related fractions
Milk hasz abaur 3.7 percent profain and Chaddar chease about 74 percent

Boanat - Or reanin, iz a =zubestance that coagulstes onilk, generally used in
cheesemaking. It can be obtained from animals {e.g. cslf rennet is the
most common), microbes, or be artificially produced.

Eeverse Oszmosis (RDY - Is, for all practical purposes, & concentration method,
It is a membrane filtration process drive by application of high pressure
(500-700 psi). Ideally, only water passes through reverse ocsmosis membranes.
Howsver, a trace amount of minerals and some other wvery lew molecular weight
substances may pass through reverse asmosls membranes.

fostinz or Repneting - Adding rennet-extract (e.g. enzyne from calf stomach) to
milk In chessemaking, Causes the milk to chamge from a liguid to a solid
in about 30 minutes at B8* F.

Fol-Pound Blpek = Square style of cheese with dimensions of 20 x 24 = 30 Inches
and a weight of approximately €40 pounds, Commonly used for Cheddar cheese
it iz held in curing in lined wood fabricated comtainers or corrugated
paper boxes,
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Standardi 1k - M1k used by some preceasera in which one or more of che

milk componente are adjusted te mect A prodetermined comtent.  Typleally,
fat ie sither removed as crcam or non fat drry milk is added to increase

non-fat solids. 1t is a praoctice used for fluid milk priceszing, cheese-
making, 4and many other dairy products,

Starter - Dairy startars are cultures of harmless, acclve bacceria, growm in
ailk or whey, which impart sercain charactariscics and qualizies Lo various
ulll products, There are &t lasst 40 dietinet types of starier cultures
for wilk fermentation having marked morpholapgy and ucilisy differcoces.

Tha startar cultura usad in Cheddsr cheses manufacturing belongs te the
lactic acid streptececcus group. The addizion and growth of starter in
chassanaking bafers rannet is added ie known as wllk ripening.

Stirred Curd or Cranulas Chessa - Rennaz-coapgulated form of Cheddar style cheoose
made withowt cheddaring. The curd g no: mazted and millaed, instead the
curd iz stirred contimwally wntil placed in hoops. Omissien of Eha chaddar-
ing step mskee stirred curd cheezemaking simpler and shorter, buk highar
riaks rao undesitahle hacteria grm.ufh if millk q_l,la']_it*_l.r iz DOaE,

Svnthatic Analwsis = fes acomami n-n-ilg;j =T TE BTQTOA by,

Technolapical Sysbem - As uaswl hare, rafars ko oa plant deeign with a specific

tarhnnl EA canafnact an ; A Aefined sizs , and r_r__1' wAn pro durtion sncd operat-
inral cosdi Blans,

Threa-Elor Syvetam - Th referz here to a chepsemaled nE prorRRs in which the
ronking . the cheddaring er stirring of the curd, and the szlting, take
place in three di fferent areas with three different. plecess of eguipmans

Tun-tiar Swstem - Befers to a cheesemaking process in which the cooking and the
shaddaring or stirring of the curd take place in two different pisces of

ppuipment.  Tn this process the =zalting is dore in the same equipment as
the cheddaring or the stirring of the cwrd.

Meralflleration (UF) - Designates & membrane separstion process, that fraction-
ates some milk szolids components and selectively concentrates other sclids
r;nrl:lpc:n,enta. D:E m:i_]_ll; ar ., -e:l_f '.-.l]'||;_':_':.'I h:u_-'.-q_*.-:] ]::h:.:::r'i]].r an dalacular ={ze |:.EI :‘-_iil:,!k'iTlﬁ
effect). ©Generally, milk fac, wilk protein, and a significant ameunt of
minerals, do not pass through the membrane, while lactose, water, and scome
soluble minerals pass through the membrane.

Whey - Watery portior or serum (whst remsirs after ccagulaticn) thet =seperetes
from the curd durlng cheesemaking.
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Table 41. Cheddar Cheeze Pleat Construction Coztsz, 1385,

e

Zeilin Typlcal
Plant Center Height Cost
{ Fearet?) (Mollars Par Square Foof)

Mil's inna;vfnﬂ 1R 74
Milse Traatmand [(HTET) 16 %31
Lream Fi:lp:n‘:n'.nl‘ B Wine Saver 16 RA
Srartar (nltare 1& AD
Caesgemaking:

Standard Cheddaring 1& (21

Standard Scirred Curd 16 BB

Automatic Cheddaring (DME) 20 &l

advanced Stirred Curd (EFV) 16 13

Acdvanced Cheddaring (Alf-o-matic) 20 i1
Cheese Hooplng/Packaging:

Begpular S04 16 aqd

E&055804 with Cutting lipe 16 ad

Elack Former 26 o1
Chasse Chilling 16/20/24 56
Dry Storage 16/20/24 43
Befriper., Malnt., & Boller 1&/20 49
CLP 1& 12
Laboratory E L0
Dffice=d e 114
Luneh Roomd a 0q
Lockers & Bestroomed 2] 93
Waste Treatment2 B 213
Water Well B fi)

2Ecuipnment included in structural cost,

bijhen wore than one ceiling heipht ie reported ther indicate different ceiling
hoights for different slize plante.

h5S
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Table A2, Initial Equipment Investment for Various Operating Centers in Model Cheddar Cheese Flants of

Different Sizes.

Plank &izs |:?4;|n,:|nr1.|=,| af Hillk per Ha:.r}

AR RS R eSS SRS EEEE R e SRR E R R R T -

Flant Center &80 DO 720,000 G50, 000 L, 440, 000 1,800,000 7,400,000
------------------------------------- iDUllﬂ:’-’iJ EmEmEmEEE R E R E e — e E S
Milk Racelwving 213,000 234,000 277,000 10,000 406,000 612, 000
Milk Treatment (HTST) 281,000 308,000 331,000 4073 000 L20 D00 a6, 000
Separater & Fine Saver 370,000 420,000 474 000 593,000 B11,000 £99 000
Starter Culture 226,000 234,000 241,000 301,000 312,000 66, Q00
Cheesemaking:
Standard Cheddaring 603, 00D a6, Q00 GYE, Q00 985, 000 g9y, oo00 1,275, 000
Standard Sclirred Curd 553, 03D GEd | 00 Y1, 000 471, 600 Qg3 000 1,211,000
Automatic Cheddaring BET, 00D 993,000 1,074,000 1,278,000 1,312,000 1,540,000
Advanced Stirred Curd T26, 000 776,000 777,000 1,163,000 1,437 Q00 po S T
Advanced Cheddaring L, 3049 000 2 332, 000 1,453,000 1,606,000 1,751,000 1,927,000
Cheese Hooping/Packaging:
Repular &0 157,000 225,000 235,000 394,000 423 004 522,000
640408 & Cutting Line 657,000 TE7, 000 1,013, 000 1,281,000 1,547,000 1,993,000
Block Farmer 423,000 272, 000 Th&, 000 1,042,000 1,191,900 1,473,000
Cheese Chilling 13,000 17, 000 21,000 25, 000 31,000 42,000
Befriger., Maint., & Boiler 353,002 432,000 670,000 361,000 Gé4d 000 733,000
CIF 62,000 62,000 42,000 62,000 G2, 000 62,000
Laboratory 111,000 L11,040 111,000 112,000 112,000 112,000
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Table A3, Daily Building and Equipment Repair and Haintenance Costs for a 3elected Group of Hodel
Cheddar Cheese Plants of Different Sizes Operating with 7-day and 24-hour Production

Schedules .
Flant Size (Pnunds of MI1k per Day}
Plant Type 480,000 720,000 ﬁﬁﬂ LY 1 &40 Qo0 L, Eﬂﬂ ﬂﬂﬂ 2 400 nun
------------------------------ (Dollars Per Day) s-cecmrmcmccancnaanoiaaannn
Standard Cheddaring 127 La2 153 191 205 264
with Beg. 404 Hooping
Standard Stirred Curd 137 154 171 2 248 280
with Bleck Former
Autemacic Cheddaring 165 182 195 232 264 294
with 6407508 Juccing
Advanced Stirred Curd 149 LBk 181 236 274 n.a.
with Bloeck Former
fdvanced Cheddaring 143 162 178 22c 253 283

with Glacs Former

n.a. = not applicable
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Table A4, Electricity Daily BRegquirements for a Selected Group of Model Cheddar Chezse Plants of Diffeorent

Eizes Operating with a 24-hour Production Schedule.

Plant Blze (Pounds of Milk par Day)

LT T e TS SR e R L S g Ty SRR T e S S S R T I T ST M Tl oy L L N P Y PR STy L

Flant Center 450,000 TEQ 000 i, 000 L, &40, 000 L, 300, 00 2,400,000
___________________________________ (EWH) = =e samscassecccesnsmnnsnsmsmsnnacass
Standard Cheddaring 2,397 2,672 2,822 4,063 b, 398 5,164
with Beg. &40# Houping
Standard Stirped Curd 2,397 2,831 3,223 &, 421 4,934 3,880
with Block Former
futomatic Cheddaring 2,646 2,920 3,114 %, 399 & T4 5,607
with 640s408 Cutting
Advanced Sclrred Curd 2,584 3,038 3,703 &, BO3 3,026 n.a
wicth Block Former
Advanced Cheddaring 2,579 3,018 3,530 4,330 5,002 5,852

with Block Former

n.a. = not applicable
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Table A5. MNatural Gas Daily Reguirements for a Selected Group of Moedel Cheddar Cheese Flents of
Different Sizes Dperating with a 2Z4-hour Production Schedule.

Flant Size (Pounds of Milk per Day)

_____________________________________________________________________________

Plant Center 580, 000 720,000 960, 000 1,440,000 1,800,000 2,400,000

Standard Sheddaring 1,300 1,717 2,127 2,954 3,546 4,538
with Reg. 40w Hooping

Standard Stirred Curd 1,300 1,717 2,127 2,954 3, 546 4,533
with Block Former

Automatic Cheddaring 1,495 1,912 Z,322 3,246 3,638 4,828
with 640/40¢ Cutting

ddvanced Stirred Curd 1,328 1,758 i, 194 3,029 3,708 n.d.
with Block Former

Advanced Cheddaring 1,456 1,832 2.24] 3,121 3,833 6,811
with Block Former

n.a. = not applicable



Teble Af, Costs of
1985.

Production Materizls Used in Cheddar Cheese Manufacturing,

Bequlrements per Cosn
1,000 Pounds of Milk

Caleium Chloride

Color3d
{double strength)

Renne B
{single strength)

Salt
Starter Culture:©

Traditiomal Bulk
Starter Media

Starter Bacteria

TOTAL COST PER 1,

{Quantity) (Inits) Dollars
2.40 AUNCE S o.073
0.50 CUITICE S O.073
3,00 QUnces 1.336
2.B5 pounds 0,203
1.20 pounds 1.133%
1,44 millilitars 0,048

000 POUNDS OF MILE 52. 490

& pssumes production of 50 percent white and 50 percent colored Cheddar

cheese,

b Azsumas ealf reunnet will ha used for manufacture of high gquality aged

Cheddar cheege .

€ pcsumes bulk startey culture used at one percent of milk wveluma; bulk
starter culture media with 12 percent sollds; and 1.2 milliliters of
frozen bacteria comcentrate sets about one gallon of bulk startsr.
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Table AT7. Costs of Laboratory Supplies for Different Size Model Cheddar
Chesse Plants.

Cost of
Laborateory
Plant Size Suppliez

(Pounds cf Milk per Davy) (Dollars Per Million Pounds of HMilk}

480, 000 00, L0
720,000 72.71
960, 000 63.10

1,440,000 59.08

1,800,000 55.13

7,400,000 52 .81

2 Includes only the cost of chemicals and materials for wvarious tests on
milk,. whey, whey ¢ream, and cheese, It alse imcludes BOD testing,

Table AB. Typical Daily Costs of Cleaning Supplies for Model Cheddar Cheesse
Plants of Differemt Sizes.

Cost of
Cleaning
Plant Size Supplizs
{(Pounds of Milk per Day) {Dollars Per Day)
&80, 000 328
720,000 333
960, OO0 1.7
1,460,000 anl
1,800,000 L)
7,400, 000 500

Tl
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Table A%, Other Genmsral Expenses for Hodel Cheddar Cheese Flants of Different Sizes,

Flant Size (Pounds of Hilk per Day)

FER SR RERE LR R

EEE R E RN ]

o e e T i s R R T R e e

Expense Item &80, 000 720,000 260,000 1,440,000 1,800,000 2,400,000

------------------------------ tlollexe PET YEEL) ====-=---cscssssssc=czac===
Laundry 9,600 L4, 400 19,200 24,000 28,800 34, BOQ
Account. & Office Supplies &, 004 B, QO a,000 10,000 12,000 14,000
Comminications & Travel 2,500 3,600 4,800 7,000 9,000 12,000
lelephona 10, Bog 16,200 21 ,6C0 23,000 32,400 37,200
cher Services 3,000 4, 000 5,000 6, D0g 7,000 8,000
TOTAL 29,900 L2 200 58,600 74,000 89,200 106,000
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Table Al0. Averapge Production Costs for Different Size Cheddsr Cheese Flants with Standard Cheddaring and

Begular 40=Pound Technologies Operating Various Production Schedules.

Cost Ttem

Labor

Supervisory

Pirect Fixed

Direct Varfable

Total Labor
Capital Costs

Depreciation & Interest
Utilities

Electricity

Fuel

Water & Sewage

Tetal Utilities
Haterizls

Laboratory

Production

Packsging

Cleaning

Total Haterisls
Eepair & Haintenance
Property Tex & Insurance
Production Inventory
Other Expenzes

TOTAL

Founds of Cheese per Year

g e e —— e R W RS

Plent Size (Pounds of Milk per Day)

480,000 960,000 2,400,000
(5-days, 1E-hours) (G-dava, 21l-hours) {7-days, 24-hours)
Cost per Cast per Cost per
Found Fercentape Found Fercentage Found Fercentage
(Cents) (%) (Cents) (%) (Centsz) (%)
F 4,2 Q.5 2.9 0.2 1.3
1.2 4.0 0.7 3.7 a.3 2.6
L. 43,8 7.8 43,2 3.8 K I iy
15.9 52.9 9.0 48.8 4.3 36.6
4.5 14.9 2.0 10,7 1.0 B.9
C.3 1.0 0.2 1.0 0.1 1.1
1.5 3.0 1.1 6.2 0.9 g.9
0.2 0.7 0.1 0.5 0.1 Q2.5
2.0 6.7 1.4 7.7 B 2.5
0.1 0.3 0.1 0.3 0.1 0.6
2.9 9.6 z.9 15,8 z.9 24 .5
1.4 4.7 1.4 7.5 1.4 11.7
1.0 3.4 0.3 2.2 0.2 L
5.4 18.0 4.8 2b.1 4.5 8.5
0.3 1.0 0.2 0.9 0.1 0.9
1.4 .7 0.6 3.3 0.3 -
0.2 0.6 0.2 1:d 0.2 1.8
0.4 1.2 0.2 1.3 0.1 1.0
.l 100, 0 18 4 100.0 11.8 00,0
8.3 Million 25.0 Million 87.4 Millien




Tebla All. Average Production Costs For Different Bize Cheddar Checss Plants with dtandard Stivred Curd and
Block Former Technologles Operating Warious Production Schedules.

Flant Size (Pounds of Milk per Day)

o PR Ay . T P P S T o T ! L Y Ly L P B L T Gy T e e e e T T e g e e e e

480, D00 260, 000 2,400,000
(5-Days, la8-Hours) {G-Days, 21-Hours) (7 -Days, 24-Hours)
Cost Item R e e R R R E AR S eis Em p e m o E o E R E S RS S
Cost per GCosk per Coat pe:
Found Percentage Pound  Percentage Pound FPercentage
(Cenca) (%) (Gankts) (%) (Cencs) (%)
Labor
Supervisory 1.3 4.8 0.5 3.4 0.2 2.0
Direct Fixed 1.4 3.2 .5 3.6 0.3 Z.3
Direct Variable 9.1 35.1 o ) 34.0 2.3 i I
Tocal Labor 5 45,1 a.4d 4n. 9 1.4 31,2
Capital Costs
Depreciation & Interest i, T 18.1 A 13.3 Lel 10.5
Utilicies
Electricity a,3 L.2 n.z2 1.3 0.1 1.4
Fuel L.3 3.8 1.1 7.1 0.9 4.8
Water & Sewage 9,7 0.5 o, 1 0.7 0.1 [ ¥
Total Utilities £.0 7.5 L5 7.1 Ll 10,8
Materials
Laboratory .1 0.3 0.1 0.4 0.1 0.5
Froduction z.9 11,2 2.9 18.1 i.9 6.9
Fackaging L2 7 L2 T.a 1.2 11.0
Cleaning L. 4,0 D, 5 - i 1.8
Total Haterials 5.2 0.1 b, b 28.7 L 0.3
Bepeir & Maintenance 0.3 1.2 0.2 1.1 0.1 1.1
Property Tax & Insurance 1.4 - 0.6 4.0 0.3 1.0
Production Inventory 0.2 0.9 0.2 L 0.1 1.9
dther Expenses 0.4 L.& 0.2 1.3 0.1 1.1
TOTAL 25.9 Lo .0 16.1 109.9 19.8 1004

Pounds of Cheese per Year 8.3 Million 25,90 Millloen 7.4 Hillion
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Table Al2. Average Production Costs for Different Size Cheddar Cheese Plants with Automatic Cheddaring and
G640 /80-Pound with Converzion Technologies Dperating Various Production Schedules.

Plant Size (Pounds of Milk per Day)

SR e e e B ER B B BN N R NN R RN BT RN M M MR B M M R M M MR N M W M e e e e - e e o o Om Om R OEm R Om R OmOE WO OmE O Em®m®

&R0, 000 a0, 000 2, &y, 0
{5-Days, 1lE-Hours) (h=Days, Pl-Hmirs) (T-Days, 24-Hours)
Cost Item sEiemcassieetsssSssasas 000 sssssssssssssssssssssse 00 EsdsssasssseesEseRsses
Cost paer Coat per Cost pex
Paund Pearcentape Pound Parcentags Found Parcentags
{Cants) {&) (Cents) (%) {Centsg) k)
Labor
Bupervisory 1.3 i & 0.5 3.3 0.2 i
Direct Fixed g 4.8 0.6 3.4 0.3 2.4
Direct Varisble G.1 32. 6 5.2 3.3 2.5 231.5
Total Labeorx 11.7 41.8 6.3 7.9 3.0 27,49
Capital Costs
Depreciation & Interest &, 0 21.3 2.6 15.9 1.4 185
Utilicies
Electricity 0,3 1.2 0,2 1.2 0.1 1.3
Fuael e 6,1 1.2 7.5 1.0 2.3
Water & Sewage a,2 9.7 0,1 0.6 0.1 0,k
Total Usilities D E.O 1.5 9.3 1.2 11 .4
Mataerials
Laboratory 0.1 0.3 0.1 0.4 a1 0.5
Production 2.9 10.4 2.9 15N 2.9 2E.8
Packaging 1.2 & & 1.2 7.4 1.2 11.4
Cleaning L0 2.7 Q.5 2.8 0.2 1.9
Total Materials 5.2 ig.8 4.7 iB.1 L 40,6
Fepair & Maintenance 0.4 1.3 0.2 1.3 0.1 1.1
Property Tax & Insurance L.9 6.7 0.8 %9 0.4 3.7
Production Inwventory Q,2 0.8 0.2 1.3 0,2 1.9
Othar Expenses 0,4 1.3 0.2 1.4 0.1 1.1
TOTAL 8.0 1000 16.& 100.0 10.8 1060
Pounds of Cheesss per Year H.3 Millian 25.0 Hillionm 87 .4 Millian

———— s e e e ——————
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Table Al3. Average Production Costs for Different 5ize Cheddar Cheese Plants with Advanced Stirred Curd and
Rlock Farmer Tachnologies Operating Various Production Schedules.

Plant Size (Pounds of Nilk per Dav)

A EEEe e s EE RS EEEEFEEEEEEEEEEETE PR EEmmamme e e e e Er EEE R R E ST EE T EE R EE R EE e EE

480,000 960, 000 1,800, 000
(5-Dava, 18-Hours) {h-Days, 21-Haurs) (7-Days, 24-Hours)
OoglE Ttam =<0 cssssc-ssfesassssscc=Sm 2  SCSCScocssssmsmmmmssmm 0 EESS S e E S e
Cost par Cazst per Cest per
- Pound Parcentags Pound Percentage Peiirid Parcentage
iCente) %) {Cents] (%) {Canta) (%)

La'sor

Supervisory E.3 4.9 0.5 1.5 0.3 2.3

Mreect Fixed L3 L F 0.4 3.0 0.3 2.9

Mrees Variable B. 5 23,3 5.8 3.2 - - | 27.9

Total Laber 11.1 43.2 6.3 39.6 3.9 33.1
Gapital Costs

Jepreciacion & Interest 4,0 18,1 2 131.8 1.8 11.3
Ueilitics

Electriclity 0.3 1.3 0.2 1.4 0.2 1.4

Fual [ B0 1.2 7.5 1.0 4.8

Water & Sewage 0.2 0.4 0.1 C.8 Gl 0.7

Total Utilities 2.1 8.1 1.5 9.6 1.3 10.9
Haterials

Laboratery 0.1 0.4 0.1 0.4 .1 0.5

Production 2.9 11.5 Z.0 18.3 i.3 24.7

Packaging g1t 4,6 1.9 7.5 1.2 10.1

Cleaning 1.0 £,.0 0,2 2,9 g.2 2.1

Total Haterials 5.2 20,05 4.0 29.1 4.4 7.3
Repale & Haintemance 0.3 1.3 0.2 1.2 0.2 1.3
Froperty Tax & Insurance 1.5 = C.E 4.0 L. 3.2
Froduction Invemtory 0.z 0,9 G.2 1.3 0.2 1.8
Other Expenses 0.4 1.4 B.2 i P 0.1 1.2

TOTAL 25,6 100,60 13,9 100.0 11L.8 100.0

Pounds of cheese per Year E.2 Million 25.0 HMillion £5.9 Million
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Tabla Al&, Average Production Coste for Different Size Chaddsar Chesse Plants with Advanced Cheddaring and
Block Former Technologies Operating Various Production Schedulas.

Flant 5ize (Pounds of Milk per Day)

& s E AN EEEEETEEEE EESTESEETASsmETETESTE TSSO SESTE RS R RS EE RS SRS S e - e S s SE SRS EEEE W

&80, 004 B&ed, a0d 2,400, Q00
(E-Days, 1B-Hours) [B=Days, 2l-Hours) {7-Dayse, *-Hours)
Cost Item =000 m-e-e---isssssscmmmsmmsas 0 mssssssssssssssssssseos oooo oo oooooo-sssaas -
Cost per Cost par Jost per
Pournd Farcentage Found Parcenmtage Pound Percentage
(Cente) Y {Canta} (%) (Cents) (%)
Labor
Euporvisory 1.3 L 0.5 3.3 0.2 2.0
Direct Fixced 1.4 5.1 0.6 3.6 2.3 2.4
Dircct Variable 8.8 3.5 5,3 32,4 2.6 2,7
Total Labor 11.4 ha. 2 6. 9.3 2.1 29.2
Capital Costs
Depreciation & Interest 5,7 21.6 2.5 LA, 1l 1.2 11,4
Utilities
Electricity a.3 1.2 Q. L. 0.1 1. &
Fucl 1.7 6,2 1.2 F 1.0 ¥.4
Water & Bewage 0.2 0,8 0.1 Q.7 0.1 0.7
Total Utilities 2.2 8.2 1.5 .4 1.2 11.4
Haterials
Laboratoxry 0.1 a3 0.1 LU 0.1 0.5
Production 2.9 10.7 2.9 7.7 2.9 ar.l
Packaging 1.2 o 1.2 ) 1.2 11.1
Oleaning 1.0 d. 8 0.4 2.6 0.2 1.9
Toetal Materials 5.2 L9.3 4.6 28.0 4 & 40,7
Repalr & Haintenance 0.3 1.2 0.2 1.2 0.1 1.1
Property Tax & Insurance 1.6 6.0 0.7 4.3 0.3 i
Production Inventory 0.2 0.8 0.2 1.3 0.2 1.9
Other Expenses 0.4 1.3 0.2 1.4 0.1 1.1
TOTAL 7.0 100.0 16, & 100.0 1.7 100,10
Pounds ol Cheess per Year 8.3 Mlllion 23.0 Hilliom B7.4 Million
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Table Al5., Awverage Production Costs In Different Size Cheddar Cheese Plants with Different Production
Technologlizs, Operating 24 Hours per Day and 7 Days per Week,

Flant Size (Pounds of Hilk per Day)

Produztion Technology m e e e e e e m e e e E o R R R R R m R E O E R E R R N M R R S S S S B S KW RN N R mE RS sme s me s
B S 4R, 00 720,000 960,000 1, 440,000 1, 800,000 2,400, 000
srmssascsssscscssans-sccasas{Qents per Pound of Cheese)------cceccicinccccsssacas
Standard Cheddaring
Begular 41-Pound 23.3 149.3 173 14,7 132 11.8
640/480-Pound & Cuk. 2.7 18.5 16,4 13,9 12.8 11.5
Block Former 23.1 18.6 16.5 14.1 12.7 11.5
putomatic Cheddaring
Begular &£0-Pound 24,3 18.7 1lé.1 11.6 12.4 11.1
ae0/%0-Pound & Cut. 22.5 17.4 15.3 12.9 12.0 10.8
Blask Farsaer 21.9 17.5 15.4 13.0 11.¢ 10.8
Advapced Chaddaring
Begular 40-Pound 24,2 18 4 16.0 13.5 2.3 11.0
&40/40-Pound & Cut. 2.3 17 % 15.1 12.8 11.% 10,7
Block Former 21.48 j 15.2 12.9 11.8 10.7
Standard Stirred Curd
Regular 40-Pound 2T 1%8.7 15.48 13,5 12,3 e 0
4080 - Paund & Cuk. 1.8 16.9 14.9 12.7 11. 8 10,8
Block Farmar 213 17.0 15.0 12.9 11.8 10,8
Sdvapced Stirred Jued
Regular 40-Found 23.3 17.%9 15.6 13.13 12.2 .8
&40/ 40-Pound & Cuk, 21.4 1.6 1.7 12.5 11.4 r.&
Bloclk Farmetr 20.9 16,7 o ¥ 127 11.14 . e

n.a, = nok appllicable
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Table Al&, Average Production Costs in Different Size Cheddar Cheese Plants with Diffarent Production
Technologies, Operating 24 Hours per Day and & Days per Weel,

Plant Siza (Pounds of Milk par Day)

Production Technology e T R
HB0, 000 TR0, 000 BEE 00 1,440,000 L, 300, GO0 2,400, 000
smsmsseccoccsssscscncsca-[Dante par Pound of Chessa)----oommmmmm oo -
sStandard Cheddaring
Regular &40-Pound 25.9 20.1 L7. 6 14.49 13.4 12.40
640 /50 -Pound & Cut, 24,2 18.9 lh_ 8 142 131 11.8
Bloclk Former 23.6 18.9 16.8 14.3 13.0 117
futomatic Cheddaring
Regular &40-Pound 24.8 19.1 La. & 13.49 12.5 11.13
640 /40 - Pound & Cuak, 23.0 L7. 9 15.7 1i.2 123 11.1
Block Former 22.4 17.8 15.7 13.3 TE . 11.1
Advanced Cheddaring
Regular &40-Pound 24.7 L8.8 16,4 13.8 12.& 11.2
GO0 L0 -Pound & Cuk, 22.4 17.6 15.5 13.1 12.2 11.0
Elocle Former 22.3 17.7 15.5 13.2 12.1 10,9
Standard Stirred Curd
Regular &40-Pound 24.1 18.5 16.1 13.7 12.5 11.3
640 /50-Pound & Cut. 22.4 17.3 15.32 13.90 12.1 11.0
Bloclk Former 21.7 17.3 15.3 13.2 12.0 11.0
fdvancod Scirred Curd
Regular &40-Pound 23.7 18.2 Ls.g 13.5 12.5 n.a
640 /40 Pound & Cut, 22.0 17.0 15.0 12.8 12.1 n.a
Block Former 21.4 b g 15.1 15.0 12.0 n.a

n.a. = not applicabls



Takle ALY, Avarage *raducrian Casrs in Different Sira Chaddar Chaaze Plants with Different Predoectien
Technolagies, Operating 24 Hours per Day and 5 Days par Weal,

Plant Size (Pounds of Milk per Day)

Produstion Taahnslory  seccdsocesrsammsme s coadede fe ol ot o i S o d o 0 om0
480, 000 720,000 960,000 1,440,000 1 ,B00,000 2 400,000
------------------------- {Cents per Pound of Cheegé)---c-rmeoccmccrncnencenna-
Standard Cheddaring
Repular 40-Pound 6.6 0.6 18.1 15.3 13.E 12.3
G040 - Pound & Cut. 24.9 19.5 17.3 14 .6 13,k 12.1
Block Former a4 8 19.5 17.2 14.7 131.3 12.1
Automatie Cheddaring
Repular &0-Pound 25 .5 149 .4 B 14.3 1Li.0 11.6
4080 - Pound & Cuz, 23.9 18.5 16,3 13.7 2.7 11.5
Block Former 23.2 18.5 16,2 13.8 13,5 11.4
Regular 40-Found 25.4 19.4 16,9 14.2 11.9 i p I
E40 /40 -Pound & Out. 231.8 18.3 1a.1 11.6 12.8 1l1.3
Block Former 23.1 15.5 15.1 13.7 12.5 11.3
Suandard § =ad Curd
Regular 40-Pound 24,7 19.0 16.6 14.1 12.8 11.5
B40/40-Pound & Cut, 23.1 17.9 15.8 13.4 12.5 11.4
Block Ferme: 22,4 17.9 15.7 13.5 12.4 11.3
Advanced Stipred Curd
RBegular &40-Pound 24 .4 16.7 16.4 13.9 12.8 B,
G40 /60 -Pound & Cut. 22.8 i7.6 15.6 13.3 12.5 Tl ks
Block Former 27.1 17.6 15.5 13 .4 12.4 D.A.

n.a, = nol applicable
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Table Al8, Averape Production Costs in Different Size Cheddar Cheese Plants with Different Produstion
Technologies, Operating I1 Hours per Day and 7 Days per Week.

Plant Size {Founds of Mill per Day)
Produstion Techomlogy e ssm rbomosiai e a2 s o o £ e e 8 i i e

480, 000 320,000 &0, 000 L, 440 Q00 _l,Eﬂﬂ,ﬂﬂﬂ 2,500, D00
i e S A S (Cents per Pound of Chesan)------vmmmmmmmmme e

standerd Chedcaripg

Begular 40-Pound 26,6 20,6 18, 0 15.3 11.7 12,2

64040 -Pound & Cut. 24.0 19.4 17.2 1.5 L3.4 12.0

Elack Former 24,8 19.4 17.2 14.7 13.2 12.0

¢ Chedda

Regular 40-Found 25.5 19.5 17.0 1.2 12.9 11.5

G40 A0-TPound & Cut, 23.7 18. 4 16.1 13.5 12.8 11.713

Bleck Fermer 23,1 18. 4% 1é.1 11.5 12.4 11.1
Advanced Cheddaring

Regular 40-Found 25.4 19.3 l6.8 4.1 12.8 1.4

B40 /50 -Tound & Cut. 23,6 18.1 15.9 13.5% 12,5 Il.32

Black Farmer 23.0 18.2 15.9 13.5 12 .4 11.9
Stapdard Seirved Curd

Regular 40-Pound 24,8 19.0 16.5 1.0 12.7 11,5

640,/40-Pound & Cut. 23.0 17.8 15.7 1%.13 12 .4 11.3

Black Farmer 22.4 17.8 15,7 11.5 12.3 11.2
Advanced Stirred Curd

R.ﬁﬁulpr &0- Pound 24,4 18.7 16.3 13.8 12.8 T, &,

640 /540-Pound & Cut, 22.7 7.5 15.4 13.1 12.4 mn.a,

Block Former 220 17.5 15.5 13.13 12.3 . .

n.a. = not applicable
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Table AlY9. Average Productlon Costs in Different Size Cheddar Cheese Plants with Different Production
Techneloples, Operating 21 Hours per Day and 6 Dayvs per Week.

Plant Size (Pounds of Milk per Day)
Froduction TechmolOofy 3 ---=----=s-escemsssssmssss=c=cc-ccscescccocc-c-iissssssssmmsmsemmsom===ssassa-x

S80,000 F20 000 Qa0 000 1,440,000 1,800, 000 2,400, (0
-------------------------- (Centz per Pound of Cheese)---------------"-c-cccmumo

atancard Checdaring

Regular 40-Pound 7.2 21.0 18 4 15.6 14 0 12.5

A0 40 - Povned & Cut 5.5 19.9 17 .k 14,9 13.7 12.3

Bleck Former R 19 9 17 . R 15,0 13.6 12.5
putomatic Cheddarirg

Begular A0-Pound 26.1 20.0 17.4 14,6 13.2 11.8

ELDSA0-Pound & Cut. 245 13 .9 1.6 11.9 1.3 11.&

BElock Former 23 .8 18,9 16.6 14.0 1*.8 11.5

W Che

Fegular 40.Peound 26.0 19.8 17.2 14.5 13.2 11.7

40,40 -Pound & Cut, 24 4 18,7 16.4 13.8 1%.% L1.5

Elogk Former 2%.7 1.7 1o, 6 11.9 12.7 Ll 5

Fegular 40-Peund 25.3 19.4 16.9 4.4 13,0 LL.7

EA0/40-Pound & Cut. 23.7 13.3 16.1 13.7 12.7 11.64

Block Former 23.0 18.3 16.1 13.8 12.5 11.5
ddvanced Stirred Curd

Fegular 40-Peund 25.0 19.1 15.7 14.2 13.1 n.a

640,40 -Pound & Cut, 23.3 18.0 15.9 13.5 12.4 .4

Elock Former 22.6 1a.0 15.0 13.6 12.4 n.a

n.a. = not applicable
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Table A20. Average Production Costs in Different Size Cheddar Cheese Plants with Different Production
Technologies, Operating 21 Hours per Dav and 5 Days per Week.

Plant 5ize (Pounds of Milk per Dav)

Productdon Techmiology & s-ccccccssmcsersserescressm st sttt sttt s s s s s s s s s s m s m e B ma =
GAD, DD 720, 000 950,000 1,440,000 1,800,000 2 400,000
cemmmmmmmm e s csssssssssss [Dants par Pound of Chease)ecccccaaiannaniaaaiaao. -
Regular 40-Pound 27.9 21.4 18.9 1a. 0 14 .4 12,9
640 40-Pound & Cut. 26,5 20.7 18.2 15.4 14 .2 12.8
Bloclk Former 25,6 20,5 18.1 15.5 14 .0 12.7%
Automatic Cheddaring
Repular 40-Pound 21,0 20,7 1E.0 15.0 13.4 i
640 AD-Pound & Cut, 5.5 19.7 17.3 14.5 13.4 11,1
Bloclk Formar 24,7 19.6 i 14.5 13.2 13,0
Regular 40-Pound 6.9 0.5 17.8 15.0 13,5 13,1
640,/40-Pound & Cut, 25,5 12.5 17.1 Lk & 13.4 12.0
Block Formar L6 19.4 17.0 14.5 13.2 11.9
Standard Stirred Cupd
Begular &40-Pound 6.1 20,0 17 .4 14.48 13.5 12.1
640 A80-Pound & Cut, a4, 6 19.0 16.7 14.1 13.2 12.40
Block Formar 23.8 18.9 16,6 14.5 13,0 11.9
" :
Fegular 40-Pound 25,8 12.48 L 14 6 13.5 n.a
640 40-Pound & Cut, 24,3 18.48 15.5 15,1 13.3 n.a
Block Former 23.5 18.7 16.4 15,1 12.1 n.d

n.a., = net applicable



T8

Table 421. Average Production Costs in Diffarant Size Cheddar Cheese Plants with Different Production
Technologies, Dperating 1B Hours psr Day and 7 Dayz per Weel.

Plant Silze [Pounds of Milk per Davy)

Production Tq:hnulnﬂ}r e e R R L L L
&80 000 720,000 QE0, D00 1,400, 000 1, B Q0 &, 400 o0
------------------------- (Cante per Pound of Cheege)---commmmmmm e
Srandard Chaddaring
Begular 40-Pound 2B.3 21.9 1%.1 16,1 14,5 12.49
G40/40 -Pound & Cut, 26.7 20.3 18,3 15.5 14,2 12.8
BElock Former 26.0 20.8 18.3 15.6 14,1 12.7
dutomatic Cheddaring
Regular 40-Pound 27.3 20,9 18.1 15.1 13.7 12.2
640/40-Pourd & Cut. 25.7 19.8 17.3 14.5 13.4& 12.1
Block Former 24.9 19.8 17.3 14.6 13.3 12.40
ed
Bepgular 40-Pound 7.2 20.7 17.9 15.1 13.6 12.1
G40/%0 -Pourd & Cut, 25.6 1%.6 1.4 1. 4 13.& 12.0
Block Former 24,0 19.6 17.1 4.5 13.32 11.9
dcandsrd Stirred Curd
Begular &40-Found 26.5 20,2 17.5 14.9 153.5 12.1
640 /40-Pound & Cut. 25,9 19,2 16.4 14.13 13.2 12.0
Block Former 24.1 19.1 16.7 1d 4 13.1 11.9
gclvanced Stlirred Curd
Regular &0-Pound 26.1 20.0 17.3 14,7 13.5 n.a.
640/40-Pound & Cui.., 24. 5 18.9 16.6 14.1 13.3 .4,
Block Former 23.B 18.48 16.5 14, 2 13:1 Th.dL,

n.a. = not applicable



Table A?2. Average Production Costs in Different Size Cheddar Cheesge Plants with Different Production
Technologlies  Operating 13 Hours ser Day and & Days per Weel.

Plant Size {Pounds of Milk par Day)

Production Techno LIJE:,I' ..............................................................................
ABQ, Q00 720,000 Ga0, 000 1,440, 000 L, B00, 000 2,400, 000

Fepular 40-Pound 29,0 23,4 19.4 16.5 L4 . B 13.2
640 A40-Pound & Cut. 27.6 21.5 18.9 16.0 14,7 13.2
Block Former 26,8 21 .4 18,8 16.10 i, 5 13.1
Regular 40-Pound 28,1 21.5 18, & 15,6 14,1 12 .€
G40 A0 -Pound & Car, 26, B 20.5 7.9 15,0 13,9 12,58
Elock Former 25,8 20.4 17.8 15,1 13,7 12.4
Al
Begular 40-Pound 28,0 ¥1.3 18.4 15.5 14,0 12.5
&40 /40-Pound & Cut, 26,6 20, 4 17.4 15.0 13.9 12.4
Block Formar 25.8 20,2 17.7 15.0 13.7 12.13
Standard Scirred Curd
Eegular 40-Pound 7.1 20,8 18.0 15.3 13.4 12.5
G40 0-Pound & Cut, 257 19,8 17.3 14 . B 13.7 12.4
Bloek Formar 24 9 19,7 17.3 14 . B 13.5 12.3
Advaneed Seirred Curd
Regular 40- Pound 26,8 20,5 17 .8 1.1 13,9 f,a
B4040-Pound & Cut, 25 .4 19,6 17.1 14,6 131.8 n,da
Block Former 4.5 19.4 17.1 14 & 13.6 M.

n.a., = net applicable
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Table A2}, Avarage Production Costs in Different Size Cheddar Cheese Plants with Differert Preduction
Technologles, Operating 18 Hours per Day and 5 Days per Week.

Plact Size (Peunds of Hilk per Daw)

Production Technology S e A A T e e 5
480 00 Ja0 000 Qal, 000 1,840 000 1,EB00, 000 2 400, 000
---------------------------- (Cents per Pourd of Cheaga)esere-c-ccesrreanancan.
standard Cheddaring
Ragular &0-Pound 30.1 23.2 20.2 17.1 15.4 13.7
BADALD- Paund & Cut. 24.8 23,8 19.7 16.7 15.3 13.B
Elork Former 27.8 2z.2 19.5 1.7 15.0 13.&
Autemarie Cheddaring
Regular &0-Pound 28.2 22.4 19.4 16.2 4.6 13.1
40 60-Pound & Cut, 28.40 21L.6 18.8 15.8 14.6 13.1
Block Former 27.0 21.4 18.7 15.7 14.3 12.9
A
Regular 40-Pound 20.3 a8 d 19,2 156.1 L4 .6 13.0
EA0 40 -Pound & Cuk, 28.0 21.4 18.7 15,7 L4 .6 13.0
Block Formerx 27.49 21,2 148.5 L5.7 14.3 12.9
ctapdard Stirred Curd
RBegular &0-Pound 28.2 21L.6 18.7 15.9 L4 .4 13.0
B40/40-Pound & Cut. 26.9 20.8 18.2 15.5 14.3 13.0
Block Fermer 25.9 20.6 18.0 15.4 14.1 12.3
Wi i Curd
Regular &0-Pound 27.9 21.3 18.5 15.7 14 .5 n.a.
640/ 40-Pound & Cut, 6.6 20.5 1g.40 15.3 L. 4 f.a.
Elack Former L 20,3 17 .8 15.3 14.2 Bi.A.

n.a, — net applicable
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