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ABSTRACT 

The Ultra-hi gh-tempera tu~e (UHT) process i ng and asepti c packagi ng 

of fluid milk 'products greatly extends product shelf life. This 

technology has been used in Europe for many years but has been 

introduced only recently into the United States. The economic feasibility 

of UHT products depend in part on processing costs. This study specifies 

four model UHT processing plants and develops engineering cost estimates 

for these plants. The. costs ofUHT processing are compared with 

conventional pasteurization costs. 

Keywords: Fluid milk processing costs, ultra-high-temperature milk 

processing, aseptic packaging, engineering cost estimates . 
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ULTRA-HIGH-TEMPERATURE FLUID MILK PROCESSING COSTS 

INTRODUCTION 

Conventionally processed and packaged fluid milk products have 

a short shelf life of approximately 21 days under refrigeration 

(McGarrahan, 1979). This perishability of beverage milk is responsible 

for product losses because of spoilage and imposes added distribution 

costs in the form of more frequent delivery schedules and refrigerated 

distribution and storage. Technology exists to process and package 

fluid milk with an unrefrigerated shelf-life of six months or longer 

if the package is unopened. This technology is referred to as ultra­

high-temperature (UHT) processing and aseptic packaging (Burton, 1979). 

Under UHT processing raw milk is heated to at least 280 degrees 

Fahrenheit (oF) for a mt n i mum of two seconds ~ whereas convent i ana 1 

pasteurization by the high temperature short time (HTST) method heats 

raw milk to a minimum of 161 0 F for 15 seconds. Both heat treatments 

kill pathogenic bactertapresent in milk, but some non-pathogenic 

bacteria survive the HTST heat treatment and cause the spoiling or 

off .. flavors that result in a shorter shelf life. The UHT processing 

effectively destroys all bacteria. To achieve a longer shelf life 

without refrigeration, the UHT processed milk must be aseptically 

packaged to prevent recontamination after the heat treatment. The 

packaging material also must provide an effective barrier against the 

e.ntry of mt croorgani sms .. Convent; ana 1 packag; ng of HTST processed 

fluid milk permits recontamination of the milk after pasteurization 

(McGarrahqn, 1979). 
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. . . . 
.... 

- TheUHT process.is not new; UHT processed. fluid milk products 

. were available in the 1920s.. Technological advances in processing 
,',' ,'.', . '." . 

and packaging since the early 1960s led to the development of 
: . ',' " . .,' " . 

cpnmercially successfulUHT fluid milk products in Western Europe. 

By 1975 UHT processed mi 1 k had captured 45 percent of the flu id mil k .' . 
.' . ~ . .' . .' . . '. ..;: . " : "'.' . .' '",.: . 

market i.n l.~aly, ,38 percent in West, Germany, .35 percent in Switz~rland' 

and 18: percen~i n France (MMB, 1976). UHT mi lk was fi rst. produced 

commercially;n Canada in 1975 and in the United States 1n1982. 
'';-'' , .' ',... . .. '.., ' " 

.! ·.lfUHT milk is to be commercially successfu,l intne United Stiites, 
. . . . . 

then. major cha.nges are 1 i,kely in p~oc~ssi ng, distribution ,reta; 1 
, . . . .' . 
.' ..' .. 

.' merchandizing and consumer purchasing patterns for fluid milk:(OMMB, .. ' 

., ... 1,976; Drews and longuet, 1981) ~:These changes could affect the ;entlre 
.". .' . ...... . 

. . 

,"d~jry industry. '. The technical aspects of UHT proc~ssing are wen .. 

d~,veloped tProce~dings, 1979) and, as noted above, UHT milk ha:s 

,',attained a substantial share of the fluid milk market in several .' ' . 
. .,' 

•• :Europeancoun~r;es,. However, it .cannot be inferred from the European. 

experienc~ thatUHT milk will. bea commercial success. in the 

Un,ited' States .because there. are-marked differences ineconomic.sClcia] 
. . ~ , . . . .:" . - ..... 

-and regul~~ory condt tions. .' Therefore ~an eva 1 uat ion Of the ~cOnoQ1ic'.· .. ' 

fe~s;bi1 ity ofUHT milk products in the United St~tes isof interest 
. " ". :". . 

to- potenttalprocessors and distributors of U.HT milk, comp~tjng firms 

and. other~;1 nterested or involved in the dairy industry." .. , 

The commercial s~ccess of UHTfl ui d mi lk produc;tsdepends.on 

'consumer acceptance. onthe .one hand and productionand marketi n9 cQ~t$ 

on the other. The comb; nation ,of producer and consumer factors will 

'.' deterrnine the mar~et price for UHT m,i 1 kand.-the . total" vol ~m.e .proguced. 
- ,. . . '~'. . . 

···········il0 •... 

• 

, . 

.. ~. .' 
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Tht! quantity of UHT milk products ~consumer i swi 111ng to purchase 

depends on .seve~ral factors, including individual tastes, and pref~ren,ces, 

price of theUfn product, prices of other commodities tnclud1.ng .substitutes 

such as HTST milk products, and income. The "Law of Demand!! states that, 

~ , provided a consumer's income does notcha.ngeand the prices of other 

goodsrema in the same. an individual' wi 11" buy less of a given cOITmodi ty 

at a higher price and !!lore at a ldwerprice. This 'f;'nverse relationship 

between prices and quantity purchased is an individual's demand schedule. 

The total market demand schedule is simply the Sum of the quantities 

purchased by a 1,1 consumers at each ,level (if pri ces. It represents the 

'total market available to present or would~be produce,rs of that product. 

UHT processed milk is nutritlonallyequivalent to HTSTprocessed, 

. 'rnHk lRenner. 1979)butdiffers'1na nurnberof characteristics> The 

extended shelf life without refrigeration provides the convenience 

'andc~s t ~avi ngs associ ated wi th less frequent purchases' 'of mi lk. 

Also, UHTrnilkcan be used as a~"back-up" to H1STsupp1ies in place 
, . 

, of dried milk powder.' UHT mil kc·an be usedlh s ituationswhen HTST 

. milk'm;'ght spOil, such as recreational activities, vending machine . . '" :.. ' 

sales and military uses (OMMa, 1976); 

Not all U1-1T milkcha,'racteristics are positive, however. Taste 
, . 

. 'test panels have evaluated the flavor of freshly processed UHT milk, 

'~s markedly inferior to th~t of,HTST processed milk, and there .' 

hmore variabil'ity;n flavor. However, the flavor of UHT'milk ,.' 

improve~with storage, 'and f1 avor scores can be achieved that areon)y 

, ~li9htl~ inferior to ·those of HTST milk (Himsen, 1979}. The aseptic 

package design differs from the widely used conventional packages and 



islirnited to half-pint and quart sizes. The package ismore diffic41t 
. . 

:' to open because of itsmultiple";lay~r construction and spillage·o.ccurs 

. easily because the container is (:omplete.lyfHled with milktOMMB, 

1976) •. 
. . 

. These char~ctertsUcs suggest, th.at UHTrni 1 k. will compete with 

HTSTmilk primarily;ri the major fl ui dmilk markets and with non~rnil k 

. ;beverages in· some new or expanded markets. .As wi thany new' product, 

'. {rnarket'researchisrequi red topredi ct consumer,demam!, both i n,total .' 
. , ... 

,and for aspecffic firlll's .product(s}. 
. . 

i. The~, price at which UHTmil kcan b.e profitably -offer'edforsal e . 

, ., will depend on the production, 'distribution ;a.ndretail marketing costs. 
. , . 

. . 

:: The .productionand dtstribut ion .costs are' i nterdependant • Product; on 
. ·····"cQstsnarmaUyexhibi t economiesofsca'l e; thati,s,.averag.e production 

cost~per unit fallas. the size of plant1ncreases., Reasons i~clude '. :, 
" ... ' '.' '. . . - .', :.' . ..' 

..... ·specia.l ization.i n labor and management, effici.ent use of equi pment, .'. 
-". . '.,' . . '. 

'. and the ab'UHy·toobtai n vo·l umediscounts on inpu~ purchas:es/At 
. . . . . 

' ... Some pOintthese'econom1esmight ·beoffset by managerial diseconomies 
. . -:": . . . . .' 

,:' 

, ",;' 

'. . . ~ .. ,' 
arisin.9 from the complexities of managing a large-scale operation.·' ' ...... , , '.' ... '. 

.'. Also, a larger plant s1zeimplies'a,proportionate increase: in the 
.' . ...' .... .. 

market area and, therefore"in the average'cost per unit of d.tstributirig .. 

that plant~s outPllt . (Sch.erer·, . 1980) ••. 

'. " .. ' 
Economies of scale are important to potentia] entrants into lJHT 

'. " . . . 

proce$sing·bli!cause they are likely· ~o be a major ,determinant both, of 

,,' .. the structure of the industry ancf of· theleve) ·of product. prices .. ' 

Where.st9~ificant economies ofsci;\lE:!exist. the most efficient .' 
. . 

..•.. {mini'mum cast) plants wiU dom1nate;'theindustry ~ndcompetftionwill : 

. .. :", 

. '.12' 

".". 

. " . 
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.. 

tend to drive prices down to 1 evel s at which only the effici ent plants 

. can earn a profit. 1 

PURPOSE AND PROCEDURE 

This study represents a first step in evaluating the economic. 

feasibility of UHT milk in the United States and will be concerned 

primarily with process; ng costs. Cost rel ationships are estimated 

for specified new, specialized model plants of various sizes. 

More specifically, the objectives are: 

(1) To develop dtfferent sizes of modelUHT processing plants 

capable of processing, packaging, and storing UHT fluid milk products. 

(II) Based on these model plants and prices prevailing in 1980 ~nd 

1981, to develop representative unit costs when packaging a selected mix 

of container sizes forUHT fluid milk. 

(In) To measure the sensitivity of unit costs to variations in 

e.fficiency of plant use as well as measure the differences in unit 

costs under different factor prices. 

crV) To ·e~ak;luate the resul tsgenerated in I through III to provide 

information that can be used as a guide for decisions in evaluating 

the feasibility of UHT processing and in planning new UHT fluid milk 

process; ng facil Hies. 

(V) To evaluate the results as. in IV to provide information on 

. the likelystruct.ure ·of the UHT fluid milk processing industry. 

~n economic engineering approach to cost estimation will be used . 

for this study. The primary reason for usi~g this type of cost 

. lFor a more detailed discussion, see (Wood, 1981). 

13 



estimation is that few UHT plants currently exist in .the United States, 

therefore it is not possible actually to measuY'e existing plant costs. 

Economic engineering involves planning and designing new UHT fluid 

milk processing plants of different sizes and collecting the costs 

associated w1th owning and operating each plant to evaluate the 

possible cost/size relationships that may exist. 

The other major advantages of the economic engineering approach 

in estimating plant costs and economies of size in UHT fluid milk 

processing are (Fischer et al., 1979): 

1. An costs are evaluated at the same point in time. 

2. Rate of plant utilization can be specified,and may be held 

constant to compare costs of different size plants. 

3. Product mix may be held constant for all plant sizes to 

facilitate cost comparisons. 

4. Technology embodied in facilities and equipment is the most 

modern.or recent. 

The principal disadvantages of the economic engineering approach 

are (Scherer, 1980): 

1. the heavy demands it places on Qoth the invest i ga tori sand 
:7:.':. 

his. informant's time; 

2. the tendency of some engineers to underemphasize the sensitivity 

of plant size decisions to changes in input prices. 

3. the reliability of the estimated engineering param~ters for 

new systems; and. 

4. difficulty in estimating managerial diseconomies. 

The estimation procedures differ somewhat among the major types 

of plant costs and are discussed under two headings: capital investments 

and operating costs. 

14 
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Capital Investments 

For the purposes of this study, capital expenditures are defined 

as those inputs used tn the production o.f UHT f1 uid milk that have a 
'.' ,~ 

,-

useful 1 ife of more than one year (Levy and Sarnat,197S) .. These 

inputs include land, buildings, and equipment. 

Two main types of data a.re needed tn estimating the costs o,f 

capita 1 inputs, architectural-engineeri ng estimates of land a·nd 
. . ,.' .. ' 

building costs~ and data suppl ied by manufacturers. of UHT fluid mi 1 k 
'~. ~ 

processing equipment. 

Because we: wish to develop proce·ssing costs on an averag.e per-unit 

basts, total investment in land" buildings, and equipment must be 
. " 

converted to an annual cost figure. To accomplish this, we will use 

the foll.owi.ng capital' recovery formula (Newnan. 1980'): 

A = P [;~!~;~~,J 
wh~re~A ::: uniform ~nnual charg'e for capital recovery (ACCR), 

P :; total investment cos,t, 
, ". 

i ,,;:: fl'lterest rate·, 

n =,eco.nomi<:~ Hf~ of the ~apital :lrnput. 

Note that the aeonomi'e 1 iife of a" investmentdjffers from physical 

life for ~wo .important reasons~ . First, econo.mic life is influenced 

by, the possibility 0ftechl!1'olo~.ical ,obsolescence of the ca·pital asset. 

Second, ~e!causeQf. th~ l!Hlcertai-rtty ofobtai,ning the estimated revenues 
" . . 

from the project, econoffi1:c. life may deviate further from physicq·l 

. life. Note also that this fo.rmula combines an i,nteres~ rqte and· 

. th.e economtc H fe o.'f the cap; tal i nvestmentinto one formul a to 

convert total investment into an a·nnual cost figure. Thi.s annual 

\. 15, 



cost figure may then be divided by the appropriate number of units 

produced per year to arrive at the average cost per unit processed. 

Interest rate represents the cost of borrowed funds. For this 

analysis, all capital investment funds are assumed to be borrowed, 
/ 

although this need not be the sttuation facing actual UHT plant 
, " . . , 

investors. The important point about borrowing funds is that a( firm 

must look closely at the opportunity cost of ~sing these funds in 

al ternative projects'. 'An interest rate of 15 percent was used for 

this study as being representative of the cost of borrowed funds for 

special purpose dairy processing plants as reported by Bass, Nixon, 

.' and Kennedy, Consulting Engineers, Raleigh, North Carol ina;. later in 

the t~~tan interest rate of 20 percent will beapplledto the value 

of capttaltnputsto show the impact of increasing interest rates on 

per .. unlt processi ngcosts. 

Because landis a non-perishable asset.t ltseconomic life is 

assumed to be infinite. The economic life of buildings and equipment 

was assumed to be twenty years .' .. Cl early, for tax purposes a firm 

might be required to use a different period or it might seek to 

depreciate its capital assefts over a different period if by so doing 

it can enjoy the tax benefits at an-earlier date. However, the 

economic 1; fe of thecapi tal assets shaul dbe the paramount 

consideration;n determining profitability. The twenty-year figure 

used 'is based on the equi pmentmanufac1:urers' bes t estimates of the 
. . 

useful life of all eqUipment housed within each plant. The efrect'of 

depreciating buildings and equipment over a shorter time petfodalSo 

wfll beexplored~ 

16 



Operating Costs 

. Operating costsinc1ude a-ll non-capital costs incurred from the 

moment raw milk enters the plant until the finished product leaves the 

storage area. These costs include those operating costs that vary 

with the level of. output and certain fixed or overhead operating costs. 

These costs are discussed under two headings: labor and other 

operati n9 costs. 

Labor 

Direct labor costs are estimated by first describin~ the plant 

organization, the crew setup and kinds of operations performed .. For 

the purposes of this study, direct labor will be expressed in terms of 

man-hours per week. Then an hourly wage rate is applied to this 

number of man-hours to obtain total weekly cost of direct labor. 

Dividing by the number of units produced per week gives an estimate 

of per~unit direct labor cost in processing. 

Administrative'labor costs consist of s~laries paid to managers, 

,office and clerical workers ,and executives. These cos tsareprobably 

the mO~t di ffitult. to estimate of any of the various inputs, but' 

market data are available and provide a basis for estimates of 

qUantities of various types ·of'administrative labor and salary scales. 

Other Operati n9 Cos ts 

In addition to labor, other operating inputs consist of items 

such as electricity,fuel, water, containers, supplies, and taxesand 

insurqnce. 

Electricity, water, and fuel costs may be estimated. by engineering 

studies of chemical and mechanical processes and various machine 

requ i remen ts. 
17 
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'To estimate container costs, cont.ainer sizes first must be . 
. ",. ~ '. . . 

specified for use in eachmodel~lant.The manufacturer(s) of filling 

eq~l pment can thE!" 'be consulted as to the per-uni i' cost of eachcontai ner ' . 

. s ize~ 

. Costs of office and jani tori alsuppl iesand thenk~, were estimated 
',' r • " .;; 

on 'a weekly basis. 

Costs of taxes and insurance were estimated by a local tax board 

and an insurance agency to reflect nati onal averages .. 

Aggregation and Integrati~n 
-', .' ~ ~:~.: . 

··The estjmation procedures~ Qu1;lined above, when compl et.ed, prov; de 

a'se1;of"buHdingblocks"for estimating individual UHT flui~tmilk 

.process tngplant cos t5. All costs are converted. to a per,..uni t .. of ... 

. ....•. output bash (gallons) .. Afte~sumrnin~ theindividu.al "blocks" on a . 

. ' pe~unit. basis, 1;heresu] ti09 costs may be used to determine the '. 

,posslbleeconomies associated. withplants of. dJfferentsizes •. The ..... 

\'follow1ngsec1;.ions first developspecificiltions 'for the.UHlmodel 

<'·plants to-.be ,analyzed,then thecosts for each model plant are examined. 

:.", .', ..... 

" 

.. '," 

. .}!;'~';., :'. 

'-SPECI FYING THE MODEL PLANTS 

. Theprev10us discussion of economies of she states that as plant 
.' . . . . .' . 

. si;zeincreases, redUctions in per-unit costs may be realized; Therefore, 

"several plant sizes must be ana}yzed tocleterminethe existanceand magnit!Jde 
. . 

.ofthese cost reductions. Furthermore, th'e plants chosen should c~ver the' 

likely rangeofsiz'es that might be built in the United'Statesif fluid 

'UHT milk is to be gener(llly available . 

. ,: .... ,,' ,' . 
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Two factors were constder~din selecting the range of plant sizes, 

market penetration arid efficient plant operation. However, before 

di scussi ngeffiCi entpl antorgani zatinn and likely ma~ketpenetration 
,'" - , I"~ 

figures for UHT f1uid milk in the United States, a general description 

of UHT pl~nt operation is provided. 

The General Nature of UHT Processing Operations 

. ~ \ 

The stages in UHTfluid milk processing are: receiving raw milk· 

from producers,standardi~ing the milk, treating the milk at ultra­

high t~mperatures" asepticallyfiJling the container.with thetr,eated 

pro~uct.:st()ri,ng,and distributing theproguct to yar;o,u$)narkets . 

. ~aw' mt] k normany is deltvered t9 the proc:esslng.,; pJ(int .s i x dqys 

per wee,k. in transport-tank.er trl,lcks. The. raw fI1jl,kJ~ pumped"from the 

tankers through aco.ldmil k separator that remove~ the butterfat. The 

resulting skim mil k and cream (containing most of the butterf~t). are 

stored in separate stor.age.tanks ... 

. Asprocessi !1giopeJ'~ations p~gi~"skim miJ~.and. cream ilre pUmped 

frOm their respective tanks t~r~ugb a ratio controller to produce 

Ill; 1 kpossess1ng thedes.ired fat content. Next the mil k .passes through 

a blender,. where f1 avors and otperaddi tives such as stabi 1 tzers can 

be blended into the. milk. 

From this point the raw mil k is processed di fferently under the 

UHT process and than under conventional p~steurizat1on,starting with 

the heat treatment. The hi gherte'l11perature used in th~ UHT process 

ster1l izes the raw mil k, whereas some non,..pathogen;c bacteria surviv'e 

the lower temperatures used for conventional pasteurization. ' .• !hereare 

two basic methods used tosterili ze fluid mil k, usually referred to as 

the di re.ct and indirect heating methods. 

19 
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DirectSter11hat;on . 

>'Inthe direct system, the.mi1kissterilizedrbydire.~t.cQntaGt of .. 
,the mHkwith steam., The: milk is pumped thro~gh prehea:t;ers:i.ntoi'a 

". ,chamberwherei ti s treatedwHh:steam under pressure.' 

TMsbringsabout very rapid heating of themilk~ . In the pr.ocess, 

howev.er,the milktakeson water from the steam,which must'be removed 

to restor~the milk to its 'origin'al' compds1tion.Theadded w~ter ·is 

';'removed. in-ci:vacuum chamber and the milk is then coaled before being 

'dtschar,ged(Burton,: 1979). 

":There are two major.,advant~ges of the direct method of >milk: . 

steri 1 tZat'ion(OMMB, 1 976}. 

,': .•. ;,1. "-Suchmil k has an excel1entfl avor compared tothatsteri li:zed 
. '. ' . 

. 1ndtrectly:,because it 'never'comes in contact with . a s4rface:hotter:' t,han 

.... ; .. 1 tSel f~: 
.;. ... 

. ·'2' •• Jhere is 1ittle~endenc.y for the productto:accumulate On :' .. ' 
eq U.: p' me' n·t· su rface's' .' .•• , .,: .... , , .' 
. ..l . . .' . .....,... . . .... . . 

The major ct.isadvantages·· of the 'd; rectmethO,d are (OMMB"::' 97&): .. 
:.' ' ." .-

.. :~-1 .. Thereisa]lrger 'initial; nvestment compared to thi;lt'for~11 

':i';:",trldirect ; system •. ' 
. . 

....... 

>2.: ;The' st'eammustbe absolutely pure and, free-from ~dor,-'flavor .i.i 
. . 

and boiler chemicals. 
",' 

. ,.:. '. 3. The homogenizer must operate aseptically (in the.:,absenceof· 

. ,'. enyi ronmenta 1. contaminants ). . :",.' 

..... 4. The system 15 more. complex, technical 1y. . " '. 

" .' 

". ,.·.5. More equipment maintenance is. req_ui red thanfbr,acompar~ble 

.:' indirect system. ". :' .. .. :" 

, . . 

'. 
, / ..... : . 

6, ,The energy req!;Airements are, higher 'than in acomparabl e, indirect·· 

' .. system. 
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Two al ternatives to thedlrect steri 1 i zation of fluid mil k products 

are available (Hallstrom, 1979). 

1.. Injection ("steam into milkH); the product flow is the continuous 

phase;n the mixing device and steam is injected in the product. 

(Manufacturers of thi s type of equi pment incl ude Alfa-Laval, APV, 

Cherry-Burrell ,and Rossi-Catell i.) 

2. Infusion (limilkinto steam"); the steam is the continuous phase 

in the mixing device and the product is injected into the steam either 

as droplets or as a film. (Manufacturers of this type of ~quipment 

include Crepaco, Dasi, and Pasilac.) 

Indirect Sterilization 

In the indirect method of milk sterilization, the milk and steam 

are separated by a metal wall, either tubular or plate, thus eliminating .. 

any possibility of introducing water into the milk. The milk is passed 

through a hea,t exchanger and preheated to approximately 150oF, then 

neated to 212°F by a second heat exchanger. After moving through the 

second hea,t excha,nger, the milk enters the sterilizer and is heated 

to 285°F. ( The heatedm,i.lki.s:part·liiliy cool ed by heat exchangers before 

moving through coolers to reduce the temperature further, to 60-70oF 

(Burton, 1979). In the neat exchanger, the sterilized milk leaving the 

hea,ting device flows in the opposite directionfram theincctming milk 

and is separated by a metal wall. Heat is transferred from hot, 

s teril i zed mi 1 k to the col d, raw mil k, thus reduci ng both the energy 
) 

requtredto cool the sterilized milk and to heat the raw milk. 
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The advantages of the indirect system can besummari zed as follows 

(OMMB, 1976): 

1. It uses 1 ess energy than the di rectmethod by using heat 

exchangers.· It has been estimated that energy consumption can be 

reduced to approximately half that of the direct method. 

2. It has a lower initial· investment cost than the direct system. 

3. It requires less equipment maintenance than a comparable direct 

:systeni. 

4. It does not involve the introduction o'Twater into the product 

. and thus is simpler from a techni~a1 standpoint than a comparable 

direct system. 

5. It eliminates the possibility of flavors and odors being 

injected into the milk with steam. 

6. It results in less sedimentation (presence of particulate 

matterl than the direct method •. 

7. It has a higher degree of flexibility in that it can process 

a wider variety of products than the direct system, ~., fruit juices. 

8. Equipment is more readily available in the United States than 

is equipment fordi rect steril izat;ion. 

The matn disadvantages of the indirect sterilization method are 

. (OMMS, 1976): 

1.. t111 k protein is read; 1y depos Hed on the heat exchange surfaces, 

causing loss of efficiency in the system becaUSe of shutdowns every 

8 or 9 h.ours for cleaning. 

2. The product displays a more noticeable cooked flavor than 

does that steril ized by the directmethod. 
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Three equipment alternatives are available for the indirect 

sterilization method (Hallstrom, 1979): 

L . Tubular heat exchangers. (Manufacturers include Ahrens-Bode, 

Cherry-Burrell, Crepaco, and Stork.) 

2. Plate heat exchangers. (Manufacturers inc1 ude Ahl bora, 

Alfa-Laval, APV, Frau, Schmidt-Bretten, and Sordi.) 

3. Scraped surface heat exchangers. (Manufacturers include 

Cherry~Burrel1 and Crepaco.) 

The tubul ar sys tems cons 1st of concentri c tubes that carry the 

steam and product separately. In the plate systems, steam and 

product are separated by a single plate of metal. The scraped 

surface systems are similar to the tubular systems except the product 

is mechanically agitatedwHhin the inner tube to ensure uniform 

heating. 

After the mil k has been steriT i zed and partially cooled, it 

passes through a homogenizer to break apart the fat globules present 

to prevent the natural separation and formation of a cream layer in 

the final product. 

An aseptic surge tank maYor may not be employed in UHT processi ng. 

However, to equate the flow rates of the sterilizer operation and 

finer operation, an aseptic surge tank normally is employed. As the 

.filUng operation begins, milk is moved from the surge ta.nk(s) into 

the fi 11 errs) . 

The Asepti c Fi 11 er 

All commerc;q 1 aseptic filli n9 sys tems use nonreturnable conta i ners 

such, as cans, ca.rtons or plastic containers of different types. 
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An aseptic filling system' has, three main requirements (Burton, i 

1979) : 

.t •. The' container' materia land any closure must be adequately 

stertHzed, before fil ling. . ... , ... 

,,' 2.' Thecontainerrnust be.':filled' with uncontaminated product in a' 

" ster;l e a trnosphere. 

',," 3. The sealed container.must have bacteriological integrity, ~, 

the container and all seals must be sound so: that there is'noleakage 

,of product ,a.nd )lo:contamtnantcan ,ente,r., 

;Thetypes,of ,commercial aseptic filling systems 'are summarized in 

, Table,l.:'Mos.tsystems·rely,on combinations of hydrogenperpxide 'and 

,.heat for' conta inerandclosure steri'l ;-zation,. 

" After <f,n 1 tng, the'conta fners are placed in storage to await 

", transporta. ti:on to market. . . . ,: .. 

'The Choice of UHT Process'ingEguipment 
, ' 

Thestz~ of each model phnt to be investigated will be; nfl uenced 

by tn,ecapacities of the equi pinenthoused with; n each phnt. As w~~" 
. ;.,_. ,;.; 

, mentioned earlier, the uni-que aspects ,of UHT processi,ng begin at the 
'.' " 

, steril1zationstageof' plant o~eradons. ., 
......... 

. '. ~ . '.: -'.J 

: ',Stertl hatton Egu'i pmeht ' .. , 
, , ' 

" i' 'Because initial investment and' operati ng energy costs are much 
, ' 

lower for theJindirectmethod ofUHT sterilization than for 'the direct . .. . 
.' .", - :. . 

andbecauseindi rect systems are morereadi ly avail abl ein the' 
, --

Un;'ted States, the indirect method was chosen for this study ~. 
> ' 

: .{ . : ......• : . 

<, " 
,,'; : 

: 24· •..... ",' .: . 

. :':',:<,"'; : .",. ':,~.\. -

: I 

, , 
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Table 1. Types of commercial aseptic filling systems 

Contai ner 

Cans Superheated 'Flow, volume 
steam determined 

Cartons formed 
from roll 

Hydrogen 
peroxide 
and heat' 

Cartons assembled Hydrogen 
from preformed peroxide 
blanks ' and heat 

Plastics film 
"form,,:,fi ll-sea 1 

; ? 

H'ydrogen 
peroxide 
and heat 

Plastic.S: beakers Hydrogen 

P1asti,csfilm 
sachets 

peroxide 
"and heat 

Hydrogen 
peroxide 
or alcohol 

'by time 

Flow, volume 
'. determined 
" by carton 

Volumetric 

Vo 1 umetr:i c 

, Vol umetri c 

Volumetric 

Blow-moulded 
thermop 1 as,t i c 
bottles 

B i'owf.m·~#~.:gtJrtlg V 0) 11mel ri c 
,wi ths'teri 1 e 
air 

Source: Burton (1979, p.12). 

,: .. 

Closure 

Lids steriliZed 
with superheated 
steam . 

. Heat sealing 
of" carton 
material 

Heat sealing 
of carton 
material 

Al uminiJm foil,' 
steriHzed with 
hydrogen peroxide 
and heat. Heat 
sealed' 

Aluminum fo il , 
steril izedwith 
hydrogen peroxide 
and heat. Heat 
sealed 

Heat sealing of 
sachet material 

" 

Aluminum foil or 
plastics seal 

.. 
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Cherry-Burrell. Inc., of Cedar Rapids" Iowa, provided the design 

specifications and the equipment costs for the indirect processing 

systems used in each model processing plant. These systems are 

modular; utilizing tubular heat exchangers (Figure 1). This equipment 

is relatively simple from a design and operation standpoint and is 

easily installed because of the modular nature of the components. 

These processing units can be arranged to feed directly into the 

fill in.gand packaging equipment or to feed aseptic surge tanks for 

temporary storage. Also, the processing units can be linked such that 

two or more can be used to feed directly into a single ffllingand 

. packagil}gm~chi ne. 

In addition to the stertl iZ,er itsel f, Cherry-Burrell manufacturers 

all Of. the,. equipment required from the raw milk receiving stage of 

plant operattons through the temporary storage of the steri 1 i zed mi lk 

tn the asepttc5urge tanks, and supplied the specifications and costs 

used tn this study. 

Fill tng and Packagi ng Equ i pment . 

.The asepticfilTing systemU'§ed in the model UHT processing plants 

is manufactured by Brik~Pak of Dallas, Texas, a subsidiary firm of the 

Tetra ... Pak group in Lund, Sweden. This system was selected because. it 

is the market leader in Europe, where UHT processing technology was 

largely developed and where UHT products have been commercially 

avatlable for many years (Goebel, 1979). In addition, these were the 

onlYaseptic}illers commercially available in the United States when 

this research began. However, the Combibloc fillingsystem was 

introduced at a 1 ater date. 
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.. Brik-Pak aseptic filling machines operate in the fallowing manner. 

The packaging material is delivered in reels containing enough material 

for between 2,500 to 10,000 units, depending on the volume of the 

finlshedcontainer. The. packaging material is composed of the following 

layers, from the outstde to the inside: 

1. Polyethylene plastic coating, 

2 .. Paper, 

3. Polyethylene plastic coating, 

4. Aluminum foil, 

5. Polyethylene plastic coating. 

The packaging material is unwound and travels upwards in the 

filling machine to reach a sterilizing bath of hydrogen peroxide (H202) 

on top of the machine. Before the container material enters the H202 

bath, a longitudinal plastic r~inforcement strip is heat sealed to 

one edge of the material web. A film of H202 is applied to the packaging 

material contact surface as it passes through the stern ebath.A 

pa ir of squeeze roll ers removes surplus H202, wh i ch runs back into the 

sterile bath. Passing a bending roller on the very topaf the machine, 

the packaging material~ia rts its way downward and is formed ; nto a tube. 

Just prior tolongttudinal seal lng, the product is admitted by way of 

a fi 11 tng pipe that extends down through the center of th~ packagi Og 

ma.teriql tube. The tube heater - a spiral, electrically charged 

h,eating element-is. 'placed around the filling pipe. After being sealed 

longitudinally, the packqging material is heated while passing the tube 

heater. The filling pipe extends below the level of product, the flow 

of whtch is regulated and controlled by a butterfly valve at the 

outlet of the filling pipe, which in turn is regulated by afloat.· 

Thu~, a moderation of the f10w of product can be achieved. Transverse 
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r .' 

, '~ .. " 
; " 

" " " 

.. seams are made at regu.lar intervals below the le'vel of the p·roduct .. To 
.. 

seal' transversely 9 the product has. to be squeezed a~ayfrom the sea.1 ing 
" .',.. . 

. Zone.:Thi s is done by closing :sealiJl9 jaws, applyi ngpressure and then 
.... ': "~;., , ' _e,:, ~? ;' 

heat. Indi vidualuntts a'recut at a rat~ 'of, about one·' pack per second . 

The ilpouchesH thus obta tried are fed into a fi'nal folder where they 
, -" , > "" , • 

',' ." . 

. assume abri ck-likeshape .by h?vi og .. the flaps sealed down tq the 

5i desclnd the botto~, 'of the p~cka~e (!io~k~'l~anri, 1979). 
<! "", 

These fillers are available 10 U. S. fluid milk processing firms 
, ' " , ' ' 

. in half pint an'dquartsizespnly.Brik-Pakfor technica,l reasonS 

has no~beenable to develop a package. si,~elargerthan a quart. 

These filler~ have a rated capacity, Of4,500half~pints per hour or 
',II 

, '. . " :', ' -. ,', .... \ ' 

3,750 quarts filled per hour. ·Novar'tation ,i nthe volLimefHledi 5 

attai~able qnce the' fill.fog machine has been fnsta;lled. ". Two views of 

the Brik-P.ak filler are shown in Figures 2 and 3; along with two other 
,'. ... ,'. . . 

pieces-of equipment,discussed below .. TheAB-3modelfiller shown in 
. " : 

Figure 2 has a si ng1 e fill ing"ltne. , However, Bri k-Pakalso' manufactures 

an AB.;,5 model that 'has two filling ,lines. Thi's latter mode" saves .' 
, , ' ", ,,', "~" .: .:" .. " " '. , 

"40 percent of the floor Apace,o:ftwo AB-3 models:whi'l e peing able to 
, " ' ,~' ~, ,', ' ", " 

, ~ , , ., ",; :,", 

fin the eqyiva1entlof two Aa~:'3,tnodels. 'lnthis study the AB .. 5model 
, . '" \, ('_ .:": ,I,.: "::' , ~ j~ " ' ,t, ' ,,~',: '." • .' \ • ". ' '. " 

will be used where jllstified bjl'p'fctnt volumabecause of the re,5ul ti ng 
;, -

. bui ldiVng . cost' ad~cmt~g~'.There are no o-th:~rc6st ~dvantage$ to the 
. . 

.useof ~heAB-5 mo'del as opposed to th,e AB.:.$'mQdel;, i.e. ,i'nVestment 

ceist is double that of an AB-3 m9del. 

After the packages have been filled, )h,ey,proceed -along a . 
. ,.'.' , 

. Tonveyor line to 'a tray packer that Places>'2.~ half pint packages on 

each cardboard tray, ,or 12 quarts p~rtray:,~;:'ln the case, of half pint 
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containers, a drinking straw applicator is employed between the filler 

and the tray packer. Drinking straws are not appli~d to quart 

containers. 

Next, the packed tray is conveyed to a shrink film wrapper that 

encloses the entire tray in a plastic film.2 One shrink film wrapper 

may service three tray packing lines. The wrapped tray is conveyed 

to the storage room, where workers manually stack them onto pallets. 

Ninety trays of half pint containers or 75 trays of quart containers 

may be placed on each pallet. 

A fork lift truck is used to stack the loaded pallets two high 

in the storage area. For this analysis,storage time is assumed to 

be 10 days. This storage period has been shown to have a favorable 

effect on the product's flavor. Also, while;n storage the product 

can be inspected visually for spoilage and faulty sealing of the 

Gontainers and samples drawn and analyzed to determine product quality 

(Burton, 1979). After 10 days in product storage, the milk is shipped. 

The various stages in the UHT plant operation used in this 

analysis are shown in Figure 4 .. 

2 .. . 
Information on the tray packer, .straw applicator, and shrink film 

wrapper also was provided by Brik-Pak, Inc~ 
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The Effect of Market Penetration, 
Container Size and Filler Operation on Plant Size 

Market Penetratidn 

UHT-treated milk has been available in Europe for over 20 years, 

after its initial introduction to Switzerland in 1961 .. Themarket 

share for the fluid product varies from a low of 10 percent;n Belgium 

and Holland to a high of 40-45 percent in Italy and Germany (OMMB, 

1976). The reasons for the wide range of UHT market penetrations 

observed abroad are many and a brief discussion of some of these is 

necessary. 

In Belgium and Holland, home refrigeration is widespread and the 

advantages to consumers of a product with extended storabi 1 ity is not 

great. In addition, the Belgium and Holland markets are characterized 

by high per capita consumption. Consum~rs buy quantities of milk in 

bulk and purchases are made frequently~ On the other hand, Italy and 

Germany are cases at the opposite extreme, ~, low per capita 

consumption, and retail milk purchases are made less frequently. In . 

additi.on, there is a lack of home refrigeration and thus consumers are 

attracted to the storabil ity of UHT milk (OMMB, 1976). 

It is important to underst~nd that these market situations do not 

apply to U. S. fluid mil~markets. However, because other information 

is lacking, it is assumed in this 'study that the potential for UHT 

milk in the United States 1 ies within .the range observed in Europe. 

A s.econdguide might be offered by the size of existing HTST plants 

inthevarious markets. 

I ._~ 
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.... Tabl e .. ~ shows data for 144 fluid mi 1 kmarkets in theUnit~d States. 

Marketsizevari ed from an average of ·33~ 233 ga 11 ons/d.ayi n the eight 

. : smallest'marketsto 1~744"86 gallonsldayinthe 141argestmarkets . 

. ".: ··.If :t;otqlMHT sales' repre$ented ·10 percent. ofHTST s~ 1 es ,then:the .. 

totalvolurnewould range from 3;322 gallons per day in the smallest .' 
. .'.' .' . . "..., ".,., 

marketto174,~20 gallons,. per day in the largest market, tObeshared .' 

between competing UHT plants. Average HTST pl ants·ize ~~ngedfrom. 

3,322 gallons per day to 12, 731gallonsper.day . These data suggest 

a Towerboundo{ on ly 3 ,322ga 110ns per dayo' 
, . , , 

Table 2. ufn fluid milk niarketbased onl 0 percentmarket penetration 
of'exi stingHTST markets 

HTST TotalUHT 
market at 10% 

Markets Average plants of HTST market 
(number) .( number) ( ( allons/da ) 

32,223 ·8 10· 3,322 ~,322 ...... , 

83,056 13 .• ... 16 :.' 5,191 8,306 . 

1.38,427 19 ' 22 6,292 i3,,843 

2]0;410 23 29 7,256 21 ,041 

315,615 . 19 47 6.,715 31 ,562 
" 

481,728 14 58 8.306 . 48,173 

819,491 34' . 100. S,195 
, 

81,949 

.1,744,186 14 137 I' 12,731 174,420 

Source: . Cook et.~L .( 1978) .. 
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To formulate a likely upper bound for UHT model plant sizes using 

the same existing milk markets, it is assumed that sales of UHT fluid 

milk products would be equivalent to the average market share of the 

four largest pasteurized fluid milk plants (Table 3). The last column 

of Table 3 shows the UHT model plant sizes under these assumptions, 

~, from a low of 6,636 gallons processed per day to 101,599 gallons 

processed per day. 

Table 3. Average market share of the four largest firms, existing HTST 
markets 

i Markets· 
Average market Average pl ant 

Market size share 4 largest size 4 largest 
allons/day) i (number) firms (%) fi rms ( a 1 JAgy) 

33,223 8 79.9 6,636 

85,056 13 72.2 14,992 

138,427 19 60.8 21,041 

210,410 23 53.3 28,037 

315,615 19 46.7 36,848 

481 ,728 14 39.5 47,571 

819,491 34 30. 1 61 ,667 

1 ,744,186 14 23.3 101,599 

Source: Cook et~, (1978, p. 27). 
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Contai ner S1 ze 

The mix of,contai'ner sizes sold to cons,umers affects the filler 

configuration in the pl anL Tabl e'4 shows the percent of HTSTfluid 

milk sold in the United States by container size for 'the years' 1975 

through 1979. These data guided the selection of the proportion of 
" ' 

UHT fluid milk products produced as quarts and half-pints in the " 

model plants used in this study because no other data were available • 

. Table 4. Percent of HTST fluid milk sold by container sizes, federal 
order markets,a Novemberb 1975..;1979 " ",' 

, Size6f contai~er 

Gallon 

Halr-ga 11 on 

'Quart' 

Pint 

Hal f-pint " 

Other 

l3ul kC 

Tota" ' 

, ' 

1975 

43 

34 

7 

1 

11 

1 

3 

'lOa 

1976 

45 

32 

7 

1 

11 

3 ' 

100 

49 
29 

6 

1 

11 

1 

3, 

100 

1979 

51 53 
,', 

27 "25 

.6 6 

1 1 

11 11 

1 1 
.. 

3 3 

100 100 

ilData are for ~6 federal order markets for 1975 and 47 markets for 
, 1976-79, for whi ch comp 1 ete data were a va i 1 ab 1 e. ' 

. . . '. . 

" bNovemberis considered representatiVe of the annual average. 

CMetalcans and plastic bag-in-box containers. 

Source: Milk ,Industry Foundation (19aO). 
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Although the maximum container size of the Brik.,.Pak aseptic filling 

machine is one quart, it is possible to market quarts in groups of two 

(one-half gallon) and four (one gallon) withineacn tray. As seen in 

Table 4, combined perc~ntag.e totals of the three largest container sizes " 

for HTST milk are 84 percent. of the total , and 11 percent of the total is 

packaged in half pint containers. Sales of the remaining·sizes of packag~s 

are small and these containers were disregarded .. The 84 percent to 

11 percent ratio is based on volume and is equivalent to a container ratio 

of approximately twoquarts to every half pint container. 

Table 5. Estimated UHT plant output for selected filler combinations 

Quart fi 11 ers Half il)t fill ers 
Number of Number of Total 
fi.ll ers Number of fill ers Number of .. volume 

JAB-3 Model ) shifts/da (AB~3 Model) shifts/da (gals./da 

1 1 0 o· 6~563 

1 2 0 0 13,126 

2 1 15,095 

2 2 2 30,188 

3 2 1 2 .. 43,313 

4 2 2 2 60,375 

8 2 4 2 120 9 750 

1 AS ... 3 quart filler filling 3750qts./hour. 

1 AB-3 1/2 pint filler filling 4,500 lj2pints/hour. 

Effective running time of each filler equal to seven hours per 



Filler Operation 

Table 5 shows estimated plant output for selected filler combinations 

and numbers of shifts worked per day. Based on current dairy industry , 

practice, shifts are eight hours long and the fillers are assumed to run 

seven hours per shift. Note that the output rate for the quart filler 

differs from the half pint filler rate. 

Model PlantSpecifications 

Four model plants were specified based on considerations of market 

penetration, container size, and filler operation. These were: 

Plant A, with output of 13,126 gallons per day or Q5,625 gallons 
per week,using one quart fill~ng machine. 

Plant B, 30,188 gallons per day or 150,940 gallons per week, 
using two quart filling line and one half pint filler. 

Plant C9 60,375 gallons per day or 301,875 gallons per week, using 
four quart and two half pint filling lines. 

Plant 0, 120,750 gallons per day or 603,750 gallons per week, using 
eight quart and four half pint filling lines. 

All plants are based on the efficient operation of the filling 

lines, i.e., seven hours of operation per eight-hour shift, two shifts 

per day, five days per week. The four plants cover the likely range 

in plant sizes that might be built in the United States, based on market 

. penetration considerations. However, Plant A is considerably larger 

than the average HTST plant in existing markets (Table 2)! On the other 

hand, Plant A is smaller than the average plant size of the four 

largest firms in all of these HTST markets except the smallest markets. 

These plants range in size from6,636 to 101,599 gallons per day 

(Tabl e 3). 

Plants B, C and D incorporate a filling line configuration of two 

quart filling lines for each half pint filling line. These model 
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plants generate 1.67 quarts for each half pintcQntainer becaus,e of the 

' .• ,,'different output rates of the two types of fU 1 ers.rhts)';'the 

.... closest ratto to the observed sales ofHTSTconta.iners (lable' 4):that 

'can be achieved while maintaining efftcie,nt fHl eroperation.,: 

" .. ' The' •. reOla i ni ng' .pieces of plant equi pment,'5uchasthe .' ster; 1 iZ,er .•. 

. ,,~:. 1t5e1 f,' were de!ii,gned to l11atch,thefi'ller operation: as eff'if:ientlyas.· 

.. ' .: 

'; ,: 

possi'ble. .'. , 

'Table 6 shows the product mtx,of fluid milk items tobeprdcessed 
.' '. . 

.• tneachplant along with theamount~ of each product to ,b~. processed, 
,,~., . 

,e~press.edon aweekTy bas.i<~ • Product mix was standardized to <eliminate .. ' 

'cost dtfferencescaused by variations in proportions of products 

, handl,ed. 
. ..... . , 

.' . .', ",., 

Table 6. Product mixol four model UHT fluid rnilkp.rocesslngplants ... ' 

" . 

:.,-' , 

.' Skim rntlk 
. .~ .. "." 

28 

42 

' .. 8 

13 

"Ch.ocol atemi 1 k' 5 
':' :. :"." .... .' .: 

•. H~ 1 f---and .. ha 1 f . . 4. " 

. Total,lOO 

.18,375 
.~ . 

. 27,563 . 63,395 ·'126;788 ,253,575 
.. ~ .• ' ':: ", . 

,5,250 

, 8~531' 

12,075,24,150. .48,300·. 

19,622 .'. '39,,244 

"15:,094. 

"2,074 

',78,488, 

3Q,168 
.... 

24,149 

3,2817,547 

2,6256,038 

, 65 ~625, 150';940 . 30],875 . 603; 750 

.. :." ", .:. ~-,:".'.~. >!: .. ' . ':'. : .. 

:: a prom. Fischeret al. (1979). 
.. '.:' '. ' . 

," ' .. ' " .". 

,,~ ", ...... , .'.-

40 
.:",<-;:::: ..... ' 

.... : :." " 

-:' -. .. ' ";.-' 

; ... : .. ,.<:" . 
-.'.': ," 

-.:-.,' :.:. 
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Inventory and Processing Schedules for the Model· Plants 

Inventory and processing schedules for the four mOdel UHT plants 

under consideration are given in Tables 7, 8~ 9, and 10. These 

schedules were designed to minimize product change over time. Actual· 

schedules may vary according to the product mix chosen. 

The following section estimates the costs associated with the 

four model plants. 
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Table 7._ Inventory and < processing i • .schedul e for model UHTplant.processing 65,625 gallons per week 
(Pla,ntA) . 

Mil kinventor 

Beginning raw milk 
inventory 10,938 8,751 6,564 4,376 2,188 . 0 

Raw mil k re"ce i pts 10,938 10,938 10,937 10,937 10.937 . 10,938 

Total 21,876 19,689 17,501 15,313 13,125 .10,938 

f4il k processed: 

Whole (3,5%) 13,125 5,250 0 0 0 0 

2% 0 1,313 13,125 13 ,125 0 0 

1% 0 5,250 0 0 0 0 

Skim 0 0 0 0 8,531 0 

Chocol ate 0 0 0 0 3,28] 0 

Half-and-half 0 1,312 0 0 1 ,313 0 

Total 13,125 13,125 13 ,125 13,125 13,125 0 

8~751 6,564 4~376 2~188 0 10,938 



Mil k inventory Saturday 

Beginning raw 
mil k inventory 25,157 20,126 15,095 10,064 5,033 0 

Raw mi 1 k ,recei pts 25,157 25,157 25,157 25,157 25,155 25,157 

Total 50,314 45,283 40,252 35,221 30,188 25,157 

Mi 1 k processed: 

Whole (3.5%) 30,188 12,075 0 0 0 0 

2% 0 3,019 30,188 30,188 0 0 

1% 0 12,075 0 0 0 0 

Skim 0 0 0 19,622 0 

Chocolate 0 0 0 7,547 0 

Half-and-half 0 3,019 0 0 3,019 0 

Total 30,188 30,188 30,188 30,188 30,188 0 

Raw milk 
hol dover 20,126 15,095 . 10,064 5,033 0 25,157 



Tabl e 9. .. Inventpry and processing schedule .for model UHT plant processing 301,875 gallons per week 
(Plant C) 

.j:» 

.j:» 

Mil kinventory I Friday Saturday 

Beginning raw 
milk inventory 50,313 40,251 30,189 20,126 10,063 0 

Raw milk receipts 50,313 50,313 50,312 50,312 50,312 50,313 

Total 100,626 90,564 80,501 70,438 60,375 50,313 

Milk processed: 

Whole (3.5%) 60,375 24,150 0 0 0 O. 

Z% 0 6,038 60,375 60,375 0 0 

1% 0 24,150 0 0 0 0 

Skim 0 0 0 0 39,244 0, 

Chocolate· 0 0 0 0 15,094· 0 

Hal f-and..,·ha 1 f 0 6,037 0 0 6,037 0 

Total 60,375 60,375 60,375 60,375 60,375 0 

Raw.milk 
holdover 40,251 30,,189 20,126 10,063 0 50,313 



. Table 10. Inventory and processing schedule for model UHT plant processing 603,750 gallons per week 
(Plant 0) 

Milk inventory 

Beginning raw 
mil k inventory 

Raw milk receipts 

Total 

Milk processed: 

Whole (3.6%) 

2% 

1% 

Skim 

Chocolate 

Half-and-half 

Total 

Raw milk 
holdover 

1 Tuesda 

100,625 80,500 

100,625 100,625 

201,250 181~125 

120,750 48,300 

0 12,075 

0 48,300 

0 0 

0 0 

0 12,075 

120,750 120,750 

80,500 60,375 

60,375 

100,625 

161~000 

0 

120,750 

O· 

0 

0 

0 

'120,750 

40,250 

40,250 

100,625 

140,875 

0 

120,750 

0 

0 

0 

0 

120,750 

20,125 

Friday 

20,125 

100,625 

120,750 

0 

0 

O. 

78,488 

30,188 

12,074 

120,750 

0 

I Saturday 

o 
100,625 

100,625 

0 

0 

0 

0 

0 

0 

0 

100,625 



UHT FLUID MILK PROCESSING COSTS 

UHT fluid milk processing costs for each of the four model plSints 

are represented by the sum of capital and operating costs: The 

analysis presented here ;s termeel a standard analysis, Le.,the 

plant is assumed to operate at rated capacity each processing day. 

Capital Investment 

Capitiil investment for each model plant includes the cost of lanel~ 

" cui 1 elin g, ,anel equipment. 

Lanel 

The moelel UHT plants in this cost analysis requiresufficiel1t 

space to (1) accommodate buildings, (2) maneuver trucks into place 

for loading and unloading, (3) provide parking and (4) allow for 

'future plant expansion. 

The castofland acqui,sition; roadway and sitedevelopment,and 

engineering fees is estimated at $15.525 per acre. This estimate is 

'for tndustriallan<l Qutside metropolitan areas; 

constderabTy higher within a metropolitan area. 

for the four model plants is given in Table 11. 

Total land investment for four model UHT fluid milk 

Plant A' 

Plant B' 

PlantC 

PlantD 

processing plants 

Acres 

3 

4 

5 

6 

$46,575 

Bass, Nixon and Kennedy, Consulting Engineers ~ Raleigh, 
North Ca ral,ina 



Build; ngs 

Buildings were designed to meet the recommendations in USDA (1963), 

Layoutsand.Qperating Criteria for Automation of Dairy Plants and were 

modified for UHT operation as suggested by equipment manufacturers, 
. .. .. 

ThemajorbuHdingcomponents of each pl ant are (1) raw milk receivi ng 

area, (2) processing area, (3) filling area, (4) laboratory, (5) cleaning .. 

in-place (CIP) room, (6) product storage rOOm9 (7) pallet storages 

(8} container storage; (9}dry warehouse, (10) refrigeration equipment 

room, Cl11 boiler room, (121 mechanical and e1 eclr; ca 1 room, (13) trljck 

maintenance garage, Cl4) men's locker rooms (15) women's locker room, 

(16) corr;dorspace.(17) offices, lunchroom, reception area. 

Components were arranged to provide short and di rect paths of flow 

of pro ducts and conta iners.. Space requ; rements for various storage 

rooms were ba,sed on . the numbers and s fzes of i terns stored, method of 

st~cking, and length of storage period. Table 12 shows space requirements 

and building investment for the model plants. 

Construction costs for this type of building were estimated at 

$38 per square foot in late 1980.' This figure includ~s general 

building costs, mechanical costs (heating ducts. plumbing~venti1ation, 

etc .. ), e1 ec:trical costs, andarchi tectural and engineeri ng fees. 

These costs also include the expense of constructing a pressurized 

filling room at each f111erlocation. Total building investment 

Nnges from $674,956 for Plant A to $3,778,606 for Plant D. 

A summary of equipment costs for the four model UHT plants is 

gtven in Tabl& 13. The major cost items are the costs of sterilizing 
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Table 12. Space requirements and building investment for four model 
UHT fluid milk processing plants . 

Plant A Plant B Plant C Plant D 
I. (65,625 (150,940 (301,875 (603,750 

Area or room ga 1 s. /wk. ) ,gals./wk.} , ga 1 s . /wk . } 
1 square feet) 

. ga 1 s ,fwk. ) 

Raw milk receiving 2,352 2,940 3,528 4,163 

Processing area' 1 ,129 1,129 1 ,694 3,338 

Filling area 918 2,010 3,339 6,678 

Laboratory 95 267 267 267 

CIP room 288 288 309 309 

Product storage room 6,000 14,793 29,586 59,172 

Pallet storage 250 616 1,233 2,466 

Container storage 1,000 2,000 . 2,800 3,344 

Dry warehouse· 1,020 2,040 3,082 4,000 

Refrigeration 
equ i pmen t room 396 723 1 ,446 2,892 

Boiler room 605 907 1 ,000 h 111 

Mechanical and 
electrical 622 756 807 845 

Truck maintenance 
garage 1,400 1 ,400 2,700 2,700 

Menls locker room 204 204 255 297 

Women's locker room 95 204 255 297 

Corridor 160 237 320 358 

Offices, lunchroom, 
reception area 1 ,228 4,300 6,000 7,200 

Total ·17,762 34,814 58,621 99,437 

Total building cost: $674,956 $1,322,932 $2,227,598 $3,778,606 

SQurcelBa~s, Nixon and Kennedy, Con~ulting Engineers. Raleigh, 
North Carol ina 

." .. 

.-



Table 13. Summary of equipment costs for four moetel UHT processing plants 

Opera tion or 
function 

Plant A 
(65,625 

Equipment cost 
ant B Pant C 

(150,940 (301,875 
al s ./wk.) als./wk.) gals./wk.) 

~--~~~~~~~~ 

Receiving $ 31,625 $ 31,625 $ 31,625 $ 37,318 

Col d mil k 
separator 39,500 80,000 118,500 147,000 

Raw mil k and 
cream storage '46,000 68,000 108,000 197,000 

Ratio controller 27,000 27,000 50,000 72,000 

Blender system 15,000 15,000 15,000 15,000 

UHT sterilization· 224,000 290,000 394,000766,000 

Aseptic surge 
tanks 45,000 76,000 ]25,000 184,000 

Filling operationa 305,000 1,000,000 2,000,000 4,000,000 

. Mllk testing, COP 6,000 6,000 8,000 8,000 

Pallet handl ing 7,000 14,000 28,000 56,000 . 

Refrigeration 48,475 65,293 80,594 120,365 

Boilers 81,075 256,680 363,400 474,000 

Instailat10nb 121,365 21l,092 283,698· 469,060· 

; Total\ 
investment $997,040 $2,140,690 $3,605,817 $6,545,743. 

"Includes Brik~Pak filling machines, straw applicators for. 1/2 pt. 
fillers, tray packers, and shrink film wrappers. This equipment cost 
is based on a base rental fee plus installation. . 

bCalculated at 25% of raw milk and cream storage, 25% of processing, 
and 30% of cost of refrigeration and boilers. Also includes cost of 

. sanitary 1i nes and valves. 
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equipment and fillers. Itemized equipment needs and costs for each model 

UHT plant as recommended by the equipment manufacturers are given in 

Appendix Tables 1, 2, 3, and 4. 

Total investment in land, buildings, and equipment is $1,718,571 

in Plant A,$3~525,722 in Plant B, $5,911,040 in Plant C, and $10s417,499 

in Plant D (Table 14). 

Table 14. Investment in land, buildings, and equipment for four model 
UHT fl~id milk processing plants 

Plant A 
(65,625 

Item ga 1 s, /wk. ) 

. Landa $ 46,575 

Bui1dingb 674,956 

E' c qUlpment 997,040 

Total $1,718,571 

aFrom Table 11. 

bFrom Table 12. 

c From Tab 1 e 1 3. 

Cost 
Plant B 

(150,940 
ga 1 s. /wL ) 

$ 62,100 

1,322,932 

2,140,690 

$3,525,722 

Plant C Plant D 
(301 9875 (603,750 
gals./wk.) ga 15 ./wk.) 

$ 77 ,625 $ 93.150 

2,227~598 3 ~ 778~606 

3,605,816 6,545,743 

$5,911,040 $10,417,499 

These investment costs must be converted into annual costs to compute 

total costs per unit processed. 

Annualized Capital Cost 

To arrive at an annual cost of owning land, buildings, and equipment, 

the capital recovery formula presented on page 15 was used, 

Useful economic life of buildings and equipment was assumed to be 

20 years. This figure represents the equipment manufacturer's best 

estimate of the useful life of the machinery and storage tanks. All 
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capital funds were assumed to be borrowed, al though this need not be the 

situation for actual plants. An interest rate of 15 per~ent was used for 

the special purpose plant and equipment, as quoted by Bass, Nixon, and 

Kennedy. For ease in calculation, it was assumed that there would be no 

salvage value associated with the capital inputs at the end of the twenty 

year period. The investmeAt in land was subject to an interest charge 

only and the salvage value is assumed to be equal to the acquisition cost. 

Table 15 shows the annual charge for capital recovery (ACCR) for 

owning land, buildings, and equipment for each of the four model plants. 

Table 15. Annual Charge for Capital Recovery (ACCR) of land, buildings, 
and equipment for four model UHT fluid milk processing plantsa 

ACCR 
Plant A Plant B Plant C Plant D 
(65,625 {150,940 (301 ,875 (603,750 

Item gals./wk.) gals./wk.) gals./wk.) gals./wk. 

Land $ 6,986 $ 9,315 $ 11 ,644 $ 13,973 

Buil di ngs and 
. equipment 267,135 553,383 . 932,005 1,649,831 

Total annual. 
cost $274,171 $562,802 $943,824 $1 ,661~804 

. Total weekly 
$. 5,273 $ 10,823 cost $ 18,150 $ 31 ,996 

aBased on a 20-year expected useful life of equipment and building, 
15 percent interest rate, and 52-week processing year. 
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Table 16. Estimated weekly labor requirements for four model UHT fluid 
milk processing plants 

Plant A I Plant C . 
... ~ . (65,625 (301,875 

o eration als./wk.) als./wk.) 

'. Receiving and 
. cleaning tankers a 35 45 60 80 

Separate, steril ize 
milka 80 80 160 320 

Fill ingb 80 160 240 400 

Pallet handlingb 80 160 240.' 480 

productstorageb 80 80 160 160 

Warehouse and 
supply handlingb 80 80 160 160 

Cl~an~p a~Q b 
Jamtonal 20 40 . 80 160 

Maintenance 120 120 240 360 .' 

Rel ief 40 80 

Total regular hours 575 765 1380 2200 

'. Overtime hours 5% 29 38 69 110 --
Total hours 604 803 1449 2310 

aBased on eight working hours per day, five days per week • 

. ' bBased on sixteen working hours per day, five days per week~ 
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Operating Costs .. 

. '. Labor 

Dir~ct 1 abQr requi rementswere as timated for each plant activity 

from information supplied by equipment manufacturers (Table 16). On 

a per.,.shift basis, -seven employees are needed in Plant A,len'employees 
':, "',. .. ',' 

inPlclnta, seventeen employees in Plant C, and twenty .. eightemployees 
'. . 

·in Plant. O. A~asewage of $8.60 per hour was used for hourly employees .. 

: Employeeb~nefits, including' payroll taxes I workman I s compensation, 

unemp16yment insurance, pensions, and uniforms were assumed to add 

. 25 percent. to the base wage CU. S~ Depiirtment of Labo'r, 1978). Tabie17 .. 

shows the cOf!1putation of weekly direct labor costs for each of the four 

model pl an ts . 

Tabl~"17. Total weekly direct labor cost f~r four model UHT fluid milk'. 
processin~plants 

Plant A P'l ant B Plant C PlantD 

Item 
(65,625 (510,940 (301,875 (603;705' '. 
als ./wk.) als~/wk.) als./wk.) . a'l s. /wk ~) .•.. 

Week1y base wage . 
, 'J8.60/hr~}a .' $4,945' $6,579 $11,868 $18,920 

; "," 

. Weekly overtime wage 
(J2.90/hr.)a ' 

'. Cost of benefits at 
.. 25% base wage" 

Tota'l weeklydi-rect 
. .labor costs: 

374 

1,236 

$6,555 

., 490 

1,645 

$8,714. 

Un; ted States Department of Labor, 1978, 

890 1,419 

2,g67 .4 ,730 

$15,725 .' ..... , $25 069 , . , 

'53.· . 

-,,:: 



'. Administrative and clerjcalpersonnel include office worker$, managers, . 
~. ." ';:-. .' ..." ~::t~i:" . . . .,~ . . . 

and clerical workersassoci~'ed primarily W;i thln':'pl ant activities. ~eekly 
." . . .... , . .... .' ..... 

. ' paYroll expense for admi nl strati ve and cl eri ca 1 1 abor amounted to $2,400 ' 

'in Plant A, $3,8001n Plant B. $5;300 i'rlPlant C a'nd$7,200 in Plant 0. 3 

. ( 

Contai nerS 

Volume discounts are notavai,lableon cOl'ltai;n~r material.' There 1s~ 

however. a labor cQst,savings af plant size Dbecause of the use. of 10,000-

unit container rolls instead of the customary 2,500~unit rolls used in : . '. :., . ,,' . . . ,.", .,: '. 

Plants A,Band C" Table 18 shows container cost by s1ze,6Tcontainer a$ 
."' . . : . 

,well as the costs associated with trays and shrink film. 

Table la, Weekly container cost for four model UHT fluid milk processing 
plants . ", ' 

", .... '". . .".. ." .. " .. 

··· .• 1 Plant A I P1,ant B '. i Plant C .• ', 
(.65,625 I (100,940 I P01,875 . 

. Pl ant D 
(603,}50' , 
als./wk~) Container size .' I· gals./wk:) ·gals./wk.) I,als./wk.} 

, " ,'Quart 

l/? pinta 

'Total container 

Trays: Qt. 

$17,588 

o 

$1],588 

$ 3,281 

1/~ pt; '0 

" Shrink film 219 

Total container plus 
accessories $21,088 

Cost per quart $ .0803 

Cost per 1/2 pt. 0 

Cos t per ga llonequ'i v. .3213 

a1nc1 udescos t of straws. 

3Estimat~s provided by Bass, 
RaJ e1 gh, North Care 1i na. 
54' . 

" $35,176,' 

, 9,450 

'.,$44,626 

$6,562 ' 

.' 1 ,750 

555 

, $53,493 

$ .0803 

~036n 

.3544 

$ 70,352 

18,900 

$,89,252 

$140,704 

37,800 

.. $178,504, 

$ 12 ,124 '$ ?6 ,248 .. 

3,500 7,000 

1 ~lrq2~22b 

$106,986$213~972 

. $ .0803 1 .0803 

' ... 0360 ",0360· , 

.3544 ' .3544 

Nixon and Kennedy, Consultin~Engineers~" 

" . '. 

. .. ", .... ~. 



Supplies 

The four model plants can be expected to use a wide assortment of 

cleaning, laboratory, janitorial, and office supplies .. The costs of 

these items on a per-gallon basis are assumed to be constant for all 

.. plant·sizes. Cost estimates for supplies were obtained. from equipment 

manufacturers (Cherry~Burrel1, Bri k~Pak). Weekly cost for suppl i es 

Plant A, $891 in Plant Bs $1 ~781 in Plant C, and 

$3,562 in Plant D. 

Brik-Pak Maintenance 

In addition to the customer's own maintenance costs already included 

in Tables 16 and 17, the filler manufacturer provides maintenance service 

cost of $.0113 per gallon of fluid milk filled. 

Total weekly Brik-Pak maintenance charges amount to $742 in Plant A, 

$1,706 in Plant B, $3,411 in Plant C, and $6,822 in Plant D. 

Pallet Expense 

For every pallet of milk loaded daily, there are estimated to be 

five empty pallets awaiting pickup at various points along distribution 

routes and 1nthe pallet storage room, and the product remains on the 

pallet for ten days in storage. Each pallet is assumed to hold 152 gallons· 

of product in half-pint containers or 225 gallons of product in quart 

For Plant A an inventory of 0.067 pallet per gallon of daily 

6utput is required. The average pallet load for Plants B, Cand D is 

.assumed to be 198 gallons, and the pallet inventory is 0.76 pallets per 

gallon of daily output. At a cost of $8 per pallet and a 50 percent 

annual replacement rate, the weekly pallet expense is $67 in Plant A, 

$176 in Plant B, $353 in Plant C, and $7061n Plant D. 
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Electricit,Y 
. . . 

Electricity /ratesusedin thisanalys;'s were those quoted by Carolina 

Power and light. Company as bei ngrepresentat1 veof naLional .. avera·gas! . 

· The$erates include a "demand thargeU and lfenergy:chqrge.HThe demand·. 

'cht\rge is basedon peak average kilowatt loadcJuring any 20';mimite 
" """ " ".-': " 

interval ... ' :The ~nergy charge ts' 'based on the.totalnumber .Ofkilowatt·· 

.' hOUTS . (KWH) ,used .. ' Both demand. and ,energy charges are priced: on a decreasing 

block rate basis, leading to Jowerelectricity cost per'KWHas quaritityof 

energyus~dincreases. 

Electricity used in UHT milksterilizat{on,aseptic pacl<Clging, pallet 

handling, and refrigeration was calculated by fa) multiplying motor 
, ", . ...... . .. ' ..... .., .. '. '.' 'i~" '. . . .' .' .. ' . 

•.. • horsepower by weekly operatiirtg hours for ea.Gh motor ,( b) add; ng to get 

. total weekly horsepower hou~j'" (lip~-Hrs.), (:~) convertin~ to kHowatthours ' ....... . 

. with~he fa~tor 1 Hp-Hr: = 1 KWH. 4 Electrical energy use for lighting ~. 
. . . . 

was specified at 3 watts per square foot of building space qnd~pplied; . 
. . 

. to the total number of ho~rs per week the plant operates',' Energy-use 

and weekly cost are summarized for the four mpdel UHT plants .inTable: :19. 

Fuel 

-' -'Natural gas was specified for s~aling containersand for wa~er, 
produ~t,and plant heating.' Gas consumpti on estimates we~eca 1 culated 

'. for 35 hours of operation in Plant A, 41 hoursin Plant B~ 44 hours in 

Plant C, .and ~Ohoursin PlantD,' plus the actual operating times and .. ..... ,. 
""" "", ",' " , " 

gas'requiremen,ts for filling equipment. Estimated w~eklY gas consumption 
"" , '". , 

.is 161 million cubicfeet (MCF) in Plant A, 336MCF in Plant B, 406 MCF'· 

, ,""".. '" : " :., 

.' ,.' 4The • theoretical conversionfacto.r is 1 Hp:..Hr= 0.7456 KWH, 'but,' the . 
. , actual energy use is greater because motors opera te at 1 ess thanJOO percent. 

efficiency and the load characteristics may differ from rated hors~power of 
•. the motor." . " .. ' . 



in Plant C, and 812 MCF in Plant P. Total gas costs were calculated with 

the 1980 national averag~ gas price of $2.2563 per MCF. 5 

Weekly natural gas cost amounted to $363 in Plant A, $758 in Plant B, 

$916 in Plant C, and $1,832 in Plant D. 

Table 19, Electrical energy use in four model UHT fluid milk processing 
plants 

l 

Plant A Plant C \ Pl ant 0 
{65~625 ; (301 ,875 . (603,750 

D,eeration als./wk.) als ./wk. ) 
ours per wee ) 

UHT processing 1,475 5,365 10,059 18,777 

Fi 11 i ng, tray 
packing, shrink 
film wrapping, 
straw applicator 963 2,951 5,633 9,388 

Pall et hand 1 i ng 1 ,341 4,024 5,365 8,906 

Refr; gerat i on 2,414 2,682 4,694 ·9,388 

Lighting 674 1 ,200 1,800 2,600 

Total 6,867 16,222 27 ~551 49,059 

Weekly cost $ 323 $ 649 $ 1~047 $ 1,864 

Cost per gallon $0.0049 $0.0043 $0.0035 $ .0031 

Water and Sewage 

The weekly cost for water and sewage disposal amounted to $1511n 

Plant A, $340 in Plant B, $694 in Plante, and $1,389 in Plant D. These 

costs were estimated by equipment manufacturers and by Bass, Nixon and 

Kennedy, the consulting firm questioned in this analysis. 

5Es timated by equi pment manufacturers and by. Bass, Ni xon and Kennedy, 
Consulting Engineers, Raleigh, North Carolina. 
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Taxes and Insurance 

Property taxes were applied tal 00 percent of the average Vell ueaf 

land and buildings over the expected life of the buildings. The tax 

rate used was 83 cents for every $100 of land and building value. This 

rate is representative of the national average in 1980 as reported by 

Bass, Nixon and Kennedy. Weekly property taxes amount to $160 for 
\ 

Plant A, $334 for Plant B, $531 for Plant C, and $893 for Plant D. 

Boiler,f1re and refrigeration system insurance~ based on premiums 

suggested by State Farm insurance, is $161 per week in Plant A, $1871n 

Plant B, $193 in Plant C, ~nd $216 in Plant D. These insurance rates 

are national averages as calculated by the insurance agency. 

UHT Fluid Milk Processing Costs 

Table 20 summarizes totalUHT fluid milk processing costs for the 

four model plants. ,Estimated cost per gallon decl ines from $.57401n 

Plant A to $.5424 in Plant B,$.5137 in Plant C and $.4895 in Plant D. 

Because the UHT fluid milk is packaged in quarts and half pints J 

it is also useful to express total per~un1t cost of processing on the 

basis of these container sizes. 

To generate these costs, each model plant's total cost is broken 

down into container costand non~container cost. As an example, plant 

size B has total weekly cost of $81,871. Of this total, $53 s 493 is 

attributable to the cost of containers including trays, straws and shrink 

film, leaving $28,378 for non-container cost. Non-container cost per 

gallon processed in PlantS is $.1880. Expressed in terms of quarts.and 

half pints, these costs are $.0470 and $.Dl18, respectively. Container cost 

may now be added to non~containercost. Gontainer costs, Table 18, Were $.0803 

per quart filled and $.0360 per half pint filled for each plant size. The 
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Table 20. Investment and operating costs for four modelUHT fluid mill< processing plants, per week 
and per gallon 

I 
I Plant A Plant B Plant C Plant D 

. 1 (65,625 _gal./wk.) (150 5 940 gal./wk.) (301,875 gal./wk.) (603,750 gal ./wk.) 

I Weekly Cost/ Weekly Cost/ Weekly 
! ·Weekly Cost/ ) Cost/ 

Item , cost gal. cost gal. cost gal. cost gal. 



: .:. . . . . 

. total oftheconta i ner and non-container cost per quartprocesse.d in . 

PlantB is $.1273 and total processing cost per half pint is $.0478.' 
. . . 
The same procedure was used to generate costs per quart and half 

pint for the rema~ning plant sizes, resulting in the following: 

Total cost per quart processed in Plant A is $.1436; Plant a_ 
$.1~73, PlantC, $.1201, and ~lant D, $.1141 . 

. When expressing the cost of half pints for each plant si;ze, total 
. , 

• costs 'decrease from'$~0478 in PlantS to $.0460 in:Plant C and $.0444·' 

'1n Pl ant D. 

Interest on Inventory 

Because UHT products have an extended shelf life, there are likely to . 

:be higher inventory costs than for similar HT~T products. At this stage, 

.' it 'is not clear who will bear. these costs, the processor, the wholesaler' 
. . 

or the retailer. However, this analysis assumes that the packaged product 

"would'be sto'red in an unrefrigerated warehouse for a minimum of' ten days 

to permit the flavor to improve'and for quality control purposes. Thjs 

represents an added expense to theUHT processQr in the form of intereSt,. 
. . 

.chargeson tMe cost of the product':in inventory, including the raw product " 

cost. Thel980average Cla~~;I minimum price in f~deralordermarkets 

was$13.77perhundrectpounds.Using a conversion.factor of 11.6~gallo~s 

per hundred pounds and assuming 2.0 percent loss yields a niwproduct .' 

,cost of $1. 2113 per gall on to ~eadded to the process ing costs cal cul&te~t 
. ". ; . . . 

··· .. above . Us; ng an annua 1 interest . rate of l5percentyte1 ds i nteres t of') .•. 

. inventory costs of $.0022 for the quart packages for Pl.ant A, $.0019 per 

quart for Pl a~ts j and C~ and $.0018 for Plant' D. The interest cost.is 

$.0005forttle ha1fpint,container :~or Pla~ts B, C and P. 

' •. The fi na 1 cost of the quarts and hal f pi ntsfo reach plant size is 

surrmarized in Tabl e 21. 
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Table 21. Total processing, packaging and inventory cClsts for four model 
UHT fluid milk processing plants, by container size 

Item 

Quart 

,1/2-pint 

Gallon 

Plant A 
(65,625 . 
CIa 1. /Wk. ) 

$. 1455 

.~818 

: I Pl ant B . j. Pl ant C 
(150~940 I (301,875 J ._ga1./wk.) ga1./wk.) 

Total cost per unit 

$.1292 

.0483 

.5501 

RESULTS 

$.1220 

,0465 

.5213 

. Plant 0 
(603,750 
gal./wk.) , 

$.1159 

.0449 

.4970 

Model UHT fluid ,milk processing plants were developed to process, 

package, and store 65,625 gallons of milk per week (Plant A), 150,940 
. , ." 

gallons per week (Plant B),SOl ;875 gallons per week (Plant C), and 

603,750 gallons per week (Plant 0). 

Standard Analysis 

When model pl ants are operated at thei r rated capacity, unit costs 

~ecrease as plant size increases from 65,625 to 603,750 gallons processed 

• per week. Thil indicates that UHT fluid milk processing operatio~s 

exhibit economies of scale. These economies are illustrated in Figure 5 

~nd are based on the data in Table 20. 

By calculating the percentage change in unit costs as plant size 

increases, it' can be seen that these economi es are not uni form bu't tend 

to diminish as plant size increases. Between Plants A and a, there is 

:. a 5.50 percent decrease in the cost per gallon of fluid milk processed. 

Be,tween Plants B andC there; s a 5.29 percent decrease ,and between 

Plants C 'and 0, a 4.7Jpercent decrease. Cost per gallon decreased by 

14.72 percent ~crossthe entire range of plant sizes. This figure 

compares to a 9.14 percent decrease in the cost per 1 iter processed .' 
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Figure 5. Total per unit processing cost for four model UHT fluid milk processing plants. 



estimated by a stlJdy conducted by the Manitoba Dairy Board (Weijs, at. a1. 9 

1977) . The rna in reason for the difference in the extent of observed 

economies of scale between the two studies is that the Manitoba study 

dealt with much smaller plants than those studied here and so did not 

capture the cost Sa'll ngs associated wi th l.arger capacity UHT fluid mil k 

processing plants. 

In general discussions of the feasibility of UHT products in the 

United States~ the costs of UHT processing invariably will be compared 

to those of conventional pasteurization. This is because UHT milk 

products probably will be sold in competition with HTST products. 

Therefore, it is u.seful to compare the estimated costs of UHT fluid milk 

processing found in this study with Fischer's (Fischer et a1., 1979) 

study, which estimated processing costs for HTST flu·id milk. By comparing 

the two studies, feasibili.tyof UHT fluid milk processing may be better 

understood from the individual firm's perspective. 

The estimated cost of UHT fluid milk processing, Table 20, varies 

from a high of $,5740 per gallon for plant size A (65~625 gallons per week) 

to $.4895 per gallon for plant size D (603,750 gallons per week). These 

costs are approximately double those estimated by Fischer et a1. (1979) for new 

HTST processing operations. Fischer estimated fluid milk pl~ocess;ng . 

costs from $.2614 per gallon for a plant processing 50,000 gallons per 

week to $.1970 per gallon for a plantprocessing 400,000 gallons per week 

after adjusting for differences in cost catagories included in his 

estimates and the UHT estimates presented here. Because Fischer's work 

was done almost two years before this UHT study, it is necessary to adjust 

his cost estimates for inflation. The adjusted estimates are a $.3302 

cost per gallon for a 50,000-gallon per week plant. $.2610 for a 
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200,000-gallon per week plant and $~2451 for a 400,000--gallon plant. 

By interpolation, these estimates suggest that UHT processing costs are 

80 to 100 percent higher than HTST processing costs for similarly sized 

plants, and that small HTST plants have lower costs than large UHT plants.' 

furthermore~Fischeralso found that HTST processing costs decreased by 

24.1 percent as. plant production increased from 50,000 to 400!OOOgallons 

per week, whereas UHT processing costs decrease by only 14.7 percent a$ 

. plant increases from 65,625 to 603,750ga11005 per week. Therefor€!$ the 

economies tabs gained in UHT processing are less' pronounced. 

Itis beyond the scope of this study to evaluate the likely market 

share ofUHT fluid milk products, but it must be noted that a small 

market share relative to HTST products implies smaller~ higher cost UHT 

plants competing with larger HTST plants enjoying the sUbstantial cost 

advantages of economies of scale. Furthermore~ existing HTST plants 

already have made their capital investments and can, if necessary, operate 

under price and volume condit1o~s that permit them to cover their operating 

expenses only. However,B new UHT plant is a financially attractive' 

venture only if the expected returns exceed both th~ investment and operating 

costs. 

These results imply that for UHT fluid milk to compete successfully 

with HTST fluid milk in the United States, substantial cost savings must 

. lie in other areas ofUHT milk marketing relative to HTST milk marketing, 

~,in the distribution and retailing aspects of UHT fluid milk. UHT 

fluid milk requires no refrigeration and thus, cost savings may arise in 
the distribution and retailing of UHT fluid milk products in comparison 

to HTSl products. If not, feasibility will depend on consumers be; ng 

wtl 1 ing to' pay a pricepremi urn for UHTflu; d milk products to offset the 

additional processing costs, 
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To clarify the differences in estimate.dper-unit processing costs 

between UHT and HTST fluid milk products~ a breakdown of the various 

cost items in both studies is presented. 

Capital costs for the UHT processing building, land, and equipment 

constitute 14.0 percent of total cost for Plant A, 13.2 percent for 

Plant B, 11.7 percent for Plant C, and 10.8 percent for Plant D, Table 20. 

Capital investment cost declined by $,0274 per gallon across all plant 

sizes. This figure translates into a 34.1 percent decrease in capital 

cost per gallon across all plant sizes. This savings results from substantially 

lower investment requirements per gallon of weekly output for large plants, 
I 

even though there are no cost savings attributed to numbers off111ers in 

operation. These cost reductions stem from lower per gallon investment 

costs for sterilization equipment and buildings as plant size increases. 

In contrast, HTST capital investment costs per gallon decreased by 

58.5 percent across all plant sizes g suggesting thatUHT operations exhibit 

less of a reduction in capital costs relative to HTST operations as plant 

si ze increases (Fi scher eta 1., 1979). 

Operating costs constitute 86:0 percent of total cost in Plant A~ 

86.8 percent in Plant B, 88.3 percent in Plant C, and 89.2 percent in 

Plant 0, Table 20. 

Among operating inputs, containers are the most costly item 9 accounting 

for 56,0 percent of total cost i!l Plant A, 65.3 percent in Plant B, 69.0 percent 

in Plant C, and 72.4 percent in Plant D. The reason container costs account 

for a higher percentage of total costs as plant size increases is that 

total per-unit cost decreases, but the container cost per unit is constant 

at $.3544 per gallon processed for Plants B, C and D. 
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Comp&rable container costs for HTST processed products are approximately 

$.122 per gallon, based on Fischer's study and adjusted for inflation~ Thus, 

container costs in UHT processing operations are approxim&tely $.23 more 

per gallon than in HTST operations, and they contribute to a greater. 

percentage of total per-unit costs than do HTST containers. 

Non .. containercosts constitute the remainder of operating costs. 

Labor cost (including administrative and clerical labor) accounts for 

23.8 percent of total cost in Plant A~ 15.3 percent in Plant Bg 13.6 

percent in Plant C, and 10.9 percent in Plant D. These figures suggest 

that higher labor productivity is achieved as plant size increases and 

is most pronounced between Plants A and B (see Table 20) . Labor cost 

savings are the major contributing factor to economies of size as plant 

size increases, These savings resulted ma inlyfrom the use of less 1 abor 

in the fill ing and product storage stages of plant operations as plant 

size increased (see Table 16). Fischer et~. (l979) found that labor 

costs contributed roughly 20 percent to total cost across all plant sizes. 

This suggests that UHT processing operations are less labor intensive 

.. than comparable HTST plant operations., 

Effect of a Change in Plant Utilization Level 

Because of seasonal variations in fluid milksales~ all fluid milk 

processing firms experience variation in plant utilization levels. 

Generally, peak daily sales occur in October or November, and sales 

"bottom out" in June. Daily fluid milk sales in June average 80 to 83 

percent of da By sales duri ng October and November (Fischer et~., 1979). 

fn addition to seasonal variations in fluid milk sales, there also 

exist daily fluctuations in the demand for fluidm51k within anyone 
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plant in the United States. Because of the increased storability of UHT 

fluid milk products in contrast to HTST ones, we would expect ~osee a 

higher level of efficiency in UHT plants as processors or retailers 

would be able to meet daily fluctuations out of stored inventory. It 
. / 

is interesting to note that also because of the extended storability of 

UHT fluid milk compared to HTSTfluid milk, some of theseason(il 

fluctuations may be reduced. 

Toil1tistrate the economic effect of plant utilization level on total 
. .. 

cost, the four model pl ants were assumed to operate at 80 percent of their 

rated output; Capital, ta~es, insurance, administrative, and general 

. maintenance costs were held constant because these cost~ are fully incurred 
~ ~'.~' .. 
: '.~ : .. 

regardless of output rate. Costs for hourly labor, containers,filler 
: '~, . 

. maintenance, supplies, and other variable items were reduced in proportion 

to output, and the effects of plant utilizationat.an 80 percent level 

were compared to the standard analysis. 

It was found that p·er-unit costs increased by $.0333(5.8 percent) 

for Plant A, $.0278 (5.1 percent) for Plant B, $.0228 (4.4 percent) for 

Plant C, and $.0196 (4.0 percent) for Plant ·0. This result shows th~t 
. . ", 

unit costs are proportionately less affected by variations in planf 

utilization at the larger plant sizes than at thesmaller ones. Effects 

on unit costs of operating the plants at the 80 percent and the 100 percent 

. utilization levels are illustrated in Figure 6. 

Effect of Change in Wage Rate· 

It was previously noted that labor costs were the major factor. 

contributing to realized econom~es of size in UHT flu~d milk processing. 

The wages used, while representative of wages throughout the industry, 
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" 

" 

( .... , 

", 

will not apply to all i ndi vi dual plants or ina 11 seasQns. Loca 1 1 abor 

,', conditions and customs may lead to costs that differ significantly from 

the least cost figures for each model plant, in this stl!dy. 

To estimate the effect rin total plant cost of variable direct labor 
, ' ' 

, wage rates, an hourly wage of $17.20 was compared with the standard $8. 60 

per hour rate. Unit cost increased by $.0999 (17.4 percent,) in Plant A, 

$.0577 (10.6 percent) in Plant B, $.0521 (10.1 percent) in Plant C, and 

, $.0415 (8.5 percent) in Plant D. These results suggest that unit costs 

are much more affected by wage rate increases in Plant A than in the three 

larger plants. This is because labor costs contribute more to total cost 

oh a per-unit basis in Plant A than in any other plant. Graphically, 

these results are shown in Figure 6. 

Effect of Change in Interest Rate.' 

Interest r~tes have varied considerablj during the past few years. 

" , For this reason, an interest rate of 20 percent was compared to the 

,standard 15 percent interest rate used. 

An interest rate of 20 percent for capital investments increased 
, , 

per-unit costs by $.0230 (4.0 percent) in Plant A, $.0205 (3.8 percent) 

1n Plant B, $.0172 (3~3 percent) in Plant C, and $.0152 (3.1 percent) 

"in Plant Do Again, it can be seen that per-unit costs in the smaller 

plants are more affected by interest rate increases than they are;n 

,'larger plant'sizespecauseca'pitalinvestment contrtbutes to a larger, 
.. : .... J -, "." 

,percentage of total 'per",unitcost in the smaller plant sizes. Graphically, 

these results are seen in Figure 7. 
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Effect of Change in Economic Life 

A firm wishing to invest in UHT fluid milk processing is also confronted 

with a decision as to the time horizon over which to depreciate its capital 

investments. To illustrate the effect of different perceived economic 

. lives of buildings and equipment on total per-unit costs, an economic 

life of 10 years on buildings and equipment was compared to the standard 

20-year analysis. 

It was found that total per-unit cost increased by $.0193 (3.4 percent) 

in Plant A, $.0174 (3.2 percent) in Plant B, $.0147 (2.9 percent) in 

Plant C. and $.0130 (2.7 percent) in Plant D. Note that the increases 

are small and there is very little difference in the increases .in total 

per-unit cost between plant sizes 9 suggesting that a change in the expected 

economic life of buildings and equipment will have little effect on the 

feasibility of UHT investments or in the choice of plant sizes to be 

built. The effect on total per-unit cost of a 10-year economic life on 

buildings and equipment in contrast to the standard 20-year analysis is 

illustrated in Figure 7. 

OTHER FACTORS 

Assembly. Distribution and Retailing Costs 

The size UHT milk processing plant a firm might wish to build will 

depend on raw milk assembly costs and wholesale distribution costs in 

addition to the processing costs evaluated.;n this study? 

UHTmi Hi s processed from Grade A raw .mil k and there ar'e no unique 

. differences between the assembly of raw milk for UHT or HTST processing • 
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Therefore, assembly costs will be equivalent to those experienced by 

similar HTST plants. Wholesale delivery methods and costs will differ 

fromHTSldel i very because refrigeration i snot required. This allows 

UHTmilk to be handled as a dry grocery item and di stributedthrough 

grocery warehouse channels. Retail store costs will differ for the 

same reason. Estimating these costs is beyond the scope of this study; 

. however these costs are likely to be lower for UHT than forHTST milk for 

comparable deliveri.es (Benson, 1979). 

The optimum size of pl ant and its location, wi 11 be the one having 

the lowes t combi nation of assembly, processing and wholesale di stri butiol1 

costs. 

Investment AnalYsis 

Before deciding to invest in UHTmilk processing, a firm should 

evaluate the expected profits from the investment. The procedures used 

in this study are not appropriate for investment analysis and, therefore, 

a review oLtha alternative methods for evaluating investment opportunities 

is appropri ate .. 

Traditionally, many firms have used the payback formula as a rough 

approximation of the desirability of alternative investment projects. If 

we assume that a project has equal annual net revenues,· the paybatkcan 

be calculated from the following formulas (LevyandSarnat, 1978): 

Payback .period = Initial Investment 
Annual Net Revenue 

Even if net revenue is exp~cted to fluctuate Dyer time, th~payback period 

is still easily calculated by summing the annual net income until the 

initial investment Dutlay is recovered .. 
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The payback formula has some rather obvious defects. The formula 

does not discount for the future returns, thus $1 of future income 

receives the same weight as current income. Perhaps even more important, 

it concentrates attention solely on net income within the payback period, 

ignoring income in later years. 

Two methods of investment appraisal are available that incorporate 

the concept of discounting expected future income and expenses and include 

the stream of earnings and expenses over the entire economic 1 ife of the 

investment. These two methods are: Net Present Val ue (NPV), deri ved by 

discounting a project's net income using the minimum requireq rate of 

return on new investment or the cost of capital, summing them over the 

lifetime of the proposal and deducting the initial investment outlay; 

and the Internal Rate of Return (IRR), which expresses the stream of net 

income as a rate of return on the initial investments (Levy and Sarnat, 

1978) • 

Assuming that the firm wishes to maximize profits and therefore the 

wealth of its shareholders, the following decision rules can be derived 

for the NPV method: 

When NPV is positive, accept the project. 

When NPV is negative. reject the project. 

The following decision rules are associated with the IRRmethod: 

If IRR exceeds the required rate of return. accept the project. 

If IRR is less than the required rate of return,reject the project. 

Net Present Value and the Internal Rate of Return both give equivalent 

results with regard to independent conventional projects; they do not, 

however, rank projects .the same. This difference in ranking becomes 
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crucial when projects are mutually exclusive, that is when the firm must 

choose the best (highest ranking) proposal out ~ftwoor more alternatives. 

NPV provides the more appropriate criterion because it reflects the 

. absolute magnitude of the project's returns, whereas the IRR does not. 

This is a point in the NPV's favor because the firm is concerned with 

absolute profits and not merely with the rate of prof H.' Also, in 

some cases it is not poss ib 1 e to compute an lRR for a proj ect (Levy and 

Sarna t ,1978), 

NPV provides an optimal solution to a firm'sinvestment and capital 

budgeting decisions based on projected cash flows and the appropriate 

cost of capital (discount rate), 

Industry Structure 

As discussed in the introduction, economies of scale are a major 

factor determining industry structure and prices. The cost estimates 

generated in this study and depicted in Figure 5 show substantial economies 

of scale in UHT milk processing. This suggests that, if the initial 

experience with UHT milk is successful, new and relativ~ly large plants 

Can be expected to enter the market. In the long run, the larger plants 

will dominate the industry and prices win be determined, in part, by the 

costs of these more efficient plants. Survival of a particular firm 

will depend on its processing and distribution costs relative to those. 

of its competitors in a given market, including both HTST and other.UHT 

proces so rs. 

Size of capital investment can be viewed as a barrier to the entry 

of firms into UHT milk processing. The high cost of promotion and the 

financi a1 ri sk associated with a new product lire additional barriers to 

entry. Therefore, the large regional and national multi-plant dairy 
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organizations seem more likely to enter this market than the smaller, 

single plant firms. 

SUMMARY AND CONCLUSIONS 

The objectives of this study were: 

(I) To develop different sized models of UHT plants capable of 

processing, packaging,' and storing UHT fluid milk products. 

(II) Based on these model plants and 1980 and 1981 prices, to develop 

representative unit costs of packaging a selected miX of container sizes 

for UHT fluid mil k. 

(III) To measure the sensitivity of unit costs to variations in 

efficiency of plant use, as well as to measure the differences in unit 

costs under different factor prices. 

(IV) To evaluate the results generated in I through III to provide 

information that can be used to guide deci.sions in evaluating the feasibility 

of UHT processing and in planning new UHT fluid milk pro~essing facilities. 

(V) To evaluate the results as in IV to provide information on the 
o 

likely structure of the. UHT fluid milk processing industry. 

Model plants were developed that were capable of processing, 

packaging~ and storing 65,625 gallons of fluid UHT milk per week (Plant A), 

150,940 gallons per week (Plant B), 301,875 gallons per week (Plant C), 

and 603,750 gallons per week (Plant D). These model plants were designed 

to cover the expected range in plant sizes if UHT fluid milk products 

were ,to become commerciany successful in the United States. Furthermore, 

these models were designed to maximize the operating efficiency of each 

plant relative to rated filler capacity. 
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Based on the technology of the. filler and recent U.S. market data, 

each plant was assumed to employ a constant filler mix of two quart 

fillers for each half pint filler in operation, except for Plant size A, 

which utilizes one quart filleronly. 

This study estimated the per-unit processing and packaging costs 

to be $.5740 per gallon for plant size A. $.5424 per gallon for plant 

size B, $.5137 per gallon for plant size C, and $.4895 per gallon for 

plant size D. When interest on the value of inventory of processed UHT 

. milk, including raw product cost, was included these costs increased by 

$.0078 to $.0075 per gallon. These results suggest that UHT processing 

operations are characterized by economies of scale. These economies are 

most pronounced in labor cost savings as plant size increases. However, 

a comparison of these cost estimates with a previous study of HTST 

processing costs shows that UHT processing costs are 80 to 100 percent 

greater than equivalent costs for new HTST plants of similarsiz:e. 

Furthermore, theHTST plants exhibited greater economies of scale than 

did UHT plants. 

COntainer costs represent the greatest percentage of total costs;n 

UHT processing and packaging. Volume discounts are not available on UHT 

containers and they were found to contribute $.3544 to the average cost 

. of every gallon of fl ui d mi 1 k processed compared to $.122 per ga 11 on 

for HTST processed, convent iona lly packaged products. 

Compared to new HTST processing plants, UHT processing plants are 

more capital intensive and less labor intensive. A sensitivity analysis 

revealed that when utilization of each plant was reduced, unitcostswere 

found to be less affected at the 1arger plant sizes. 
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These findings suggest that the feasibility of producing UHT processed 

fluid milk products will depend in large measure on the availability of 

offsetting cost savings in distribution or the willingness of consumers 

to pay a price premium for UHT products. The structure of the UHT 

processing industry will depend on consumer acceptance of the product at 

a price that covers production and distribution costs. Large consumer 

demand within a small geographic area is necessary both to obtain the 

processing c::ost reductions through economies of scale and to minimize 

distribution costs. Thus, economies of scale in processing are only one 

factor to consider. A firm interested in UHT fluid milk processing would 

be well advised to consider the total anticipated demand for UHT products, 

competition from otherUHT processors and competition from HTST and 

non-milk products. raw product supplies, and distribution costs when 

deciding the optimum size and location of a UHT plant. 

Further study needs to be undertaken both to establish consumer 

acceptance and public demand for UHT fluid milk products and to determine 

the costs of distribution and retailing of UHT fluid milk products before 

the overa 11 feas i bil ity of UHT proces sing in the Un ited Sta tes can be 

determi ned. 
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APPENDIX 

ITEMIZED EQUIPMENT REQUIREMENTS AND 
COSTS FOR THE FOUR-MODEL UHT FLUID 

MILK PROCESSING PLANTS 
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Appendix Table 1. Itemized equipment requirements for plant A 

Item Costa 

100 GPM receiving pump 
2 tank CIP unitb 
CIP transport tank washer 
COP portable tank 
25,000 lbs./hr. cold milk separator 
7,000 gallon raw storage tankC (2) 
500 gallon cream storage tankc (2) 
Ratio controller 
Blender system 
IIUnitherm" sterilizing system 
1,000 gallon aseptic surge tank (2) 
3750 quart per hour Brik-Pak aseptic filler 
Tray packer 
Shrink film wrapper 
Milk testing, COP 
Pallet handling (1 fork lift truck) 
Refrigeration equipment (ammonia receiver, compressor, 

condensor, glycol pumps) 
Boilers- 75 bhp (2) 
Installationd 

Total equipment cost 

a, 9BQ~ 1 prf ces. 

blncludes pumps, valves. and control panels. 
clncludes level indication and accessories. 
dCalculated by equipment manufacturing personnel 

processing cost, and 30% of cost of refrigeration and 
installation fees. 

$ 1,650 
27,000 

1 ,100 
1.875 

39,500 
34,000 
12,000 
27,000 
15.000 
224~OOO 
45,000 

225,000 
58,000 
22,000 
6,000 
7~000 

48,475 

81 ,075 
121 ,365 

$997,040 

at 25% of raw milk and cream storage cost. 25% of 
boilers. Filling equipment prices include 



Appendi)(TableZ. Itemized equipment requirements for plant B 

Item . Costa 

100 GPMreceiving pump 
2 tank tIP unitb · . 
erp transport. tank washer 
COP portable tank 
50,000 pounds/hourcold milk separator 
15,000 gallons raw st~r~ge tankc (2) 
1 000 gallon cream storage tankc (2) 
Ratio controller . 

.Blender system 
UUnitherm" steri liz; ng system 
2,500 gallon aseptic-surge tank (2) 
3750 quarts/hour Brik-Pakasepti cfi 11 er 
4500 one-half pints/hour Brik-Pakaseptic filler 
Straw applicator 
Tray pac ker (3) 
Shrink film wrapper (1) 
Milk testing, COP 
Pallet handJing(2fork lift trucks). 
Refrigeration equipment (ammonia receiver, compressor, 

condensor-, glycol pumps) 
Boilers - 200bhp (2) 
lnstallationd 

Total equipment cost .. 

a1980-1 prices 
b ... .. . ... . . 

.• Includes pumps, valves,andcontrol panels. 

c1nel udes 1 eve 1 i ndicati on and accessories. .. 

$ 1 ,650 
27,000 
1 ,100 
1,875 

80,000 
50,000 
18,000 
.27,000 
15,000 

290,000 
76,000 

510,000 
255,000 

39,OQO .. 
174,000 
22,000 

6,000 
14,000 
65~293· 

256,680 
211,092 

$2,140,690 

dCalculated by equipmentmanufacturing personnelai25% of raw milk and creamstorage.cost, 25% of 
processing cost, and 30% of cost ofrefri gerationa,ndboilers. Filling equipment prices inel ude 
installation fees. . 
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Appendix.Table 3. Itemized equipment requirements for plant C 

Item 

100 GPMreceiving pump 
2 tank CIP unitb 
CIP transport tank washer 
COP portable tank 
55,000 lbs./hr. cold milk separator 
30,000 gallon raw storage tankc (2) 
2000 gallon cream storage tankC (2) 
Ratio contro 11 er 
Blender system 
IIUnitherm ll steril ization system 
5,000 gallon aseptic surge tank (2) 
3750 quarts per hour Brik~Pak aseptic filler (4) 
4500one~halfpints per hour Brik-Pak aseptic filler (2) 
Straw applicator (2) 
Tray packer (6) 
Shrink film wrapper (2) 
Milk testing, COP . 
Pallet handl ing (4 fork lift trucks) 
Refri,gerati onequi pment (ammonia rece; ver , compressor. 

condensor, glycol pumps) 
Boilers - 3Q~ bhp (2) 
Installation 

TO.ta1 equi pmentcost 

. 'a1980- 1 prices .. 
b Includes pumps, valves,and control panels. 

clncludes level indication and accessories. 

$ 1 ,650 
27,000 

1 ,100 
1,875 

118,500 
86,000 
22,000 
50,000 
15,000 

394,000 
125,000 

1,020,000 
510,000 
78,000 

348,000 
44,000 

8,000 
28,000 
80,594 

363,400 
283,698 

$3,605,817 

dCalculated,byequipment.manufacturing personnel at 25% of raw milk and cream storage cost, 25% of 
process i ng cost, and 30% of cost of refri gerati on and boilers. Fi 111 ng equ; pment pri ces i ncl ude 
i ns-tallatibnfees. . . . 



Appendi x Tabl e 4. I tern; zed equ ipment requ i rements for plant D 

Item 

200 GPM receiving pump 
2 tankCIP unitb 
CIP transport tank washer 
CO~ptirtable tank 
60,000 lbs./hr. cold milk separator 
30,000 gallon raw storage tankc (4) 
4,000 gallon. cream storage tankc 
Rat·io controller .. 
B:l ende r sys·tem 
llUnitherm" steril iz; ng system (2) 
7;500 gallon aseptic surge tank (2) 
3750 quarts per hour Brik-Pak aseptic filler (8) 
4500 one-half pints per hour Brik-Pak aseptic filler (4) 
Straw applicator (4) 
Tray packer (12) 
Shrink film wrapper (4) 
Milk testirig, COP 
Pal let handling (8 fork 1 ift trucks) 
Refrigerati·on equipment (ammonia receiver, compressor, 

conderisor~ glycol pumps) 
Boilers ... 500bhp (2) 
Installationd 

Total equipment cost 

a'980-l prices. 

bIncludes pumps, valves, and .. controlpanels. 

cIncludes level indication and accessories. 

$ 3,650 
30,693 

1 ,100 
1 ,875 

147 ,000 
172,000 

25,000 
72,000 
15,000 

766,000 
·184,000 

2,040,000 
1,020,000 

156,000 
696,000 

88,000 
8,000 

56,000 
120,365 

474,000 
469,060 

$6,545,743 

dCal cul at(;!d by equipment manufacturjng personnel at 25% of raw mil k and cream storage cost, 25% of 
processing cost, and 30% of cost of refrigeration and boilers. Filling equipment prices include 
installation fees. . . 
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