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7heThe economicseconomics ofof introducingintroducing ultrafiltrationultrafiltration (UF)(UF) intointo thethe OntarioOntario dairydairy industryindustry isis analyzed.analyzed. First,First, 
aa partialpartial budgetbudget isis developeddeveloped toto determinedetermine feasibilityfeasibility ofof UFUF onon thethe farm.farm. TheThe budgetbudget indicatesindicates thatthat thethe 
greatgreat majoritymajority ofof OntarioOntario dairydairy farmsfarms areare notnot largelarge enoughenough toto capturecapture thethe economieseconomies ofof sizesize inherentinherent 
inin thethe newnew technology.technology. Second,Second, aa location-allocationlocation-allocation modelmodel isis usedused toto determinedetermine thethe feasibility,feasibility, numbernumber 

cap-andand locationlocation ofof UFUF collectioncollection centerscenters inin Ontario.Ontario. TheThe modelmodel indicatesindicates thatthat thethe UFUF centerscenters wouldwould cap
tureture thethe economieseconomies ofofsizesize andand thethe centerscenters would benefitbenefit thethe dairydairy industryindustry asas aa whole.whole. However,However, processorsprocessorswouM 
ofofsoft productsproducts andand consumersconsumers ofofhardhard productsproducts couldcould bebe worseworse offoffbecausebecause ofofmarketmarket changeschanges causedcaused 
byby thethe UFUF centers.centers. 

s o j  

LesLes auteursauteurs examinentexaminent lesles aspectsaspects economiques dede l'adoption dede l'ultrafiltration (UF)(UF) dansdans l'industriedconomiques I 'adoption 1 'ultrafiltration 1 'industrie 
laitierelaitiere enen Ontario.Ontario. EnEn premierpremier lieu,lieu, unun budgetbudget partielpartiel estest etabli pourpour determiner lala faisabilite dede l'UFdtabli ddterminer faisabilitd 1 'UF 

la I1 majoritd laitikresaaLa ferme.ferme. Il appertappert queque lala grandegrande majorite desdes fermesfermes laitieres dede lala provinceprovince nene sontsont paspas assezassez grandesgrandes 
pourpour tirertirer partiparti desdes economies dd 'echelle inherentes aalala nouvellenouvelle technologie.technologie. DansDans uneune deuxieme etape,dconomies 'dchelleinhdrentes deuxikme drape, 

modkle utilisd I 'emplacement dventuelsunun modele d'implantationd'implantation estest utilise pourpour examinerexaminer l'emplacement etet lele nombrenombre eventuels desdes centrescentres 
faisabilitd dconomique k moddedede collectecollecte pourpour UFUF enen Ontario,Ontario, ainsiainsi queque lala faisabilite economique dede leurleur installation.installation. Le modele 

dconomies d'dchellemontremontre queque lesles centrescentres dede collectecollecte seraientseraient enen mesuremesure dede tirertirer avantageavantage desdes economies d 'echelle etet ququ 'en'en 
ils 1 'industrie laitikre entikre. transfonnateurs fraisplusplus its profiteraientprofiteraient aal'industrie laitiere toutetoute entiere. Toutefois,Toutefois, lesles transformateurs dede produitsproduitstrais 

(fromage cottage,cottage, creme glacee, yogourt)yogourt) etet lesles consommateursconsommateurs dede produitsproduits fermesfermes (fromages(fromages aapatelfromage crkme glach, pdte 
ddsavantagds marchd causds I'im-ferme,ferme, poudrepoudre dede lait)lait) sese trouveraienttrouveraient desavantages parpar lesles bouleversementsbouleversements dudu marche causes parpar l'im

UF.plantationplantation desdes centrescentres UFo 

INTRODUCTIONINTRODUCTION economiceconomic valuevalue asas aa sourcesource ofof energyenergy forfor 

mem- animalanimal feed.feed. TheThe secondsecond component,component, calledcalledUltrafiltrationUltrafiltration (UF)(UF) isis aa pressure-drivenpressure-driven mem
retentate,retentate, containscontains milkmilk fatfat andand proteins,proteins, asasbranebrane processprocess forfor separatingseparating thethe fractionalfractional 

lactose. Thesewellwell asas aa portionportion ofof waterwater andand lactose. Thesecomponentscomponents ofof milk.milk. ItIt isis anan advancedadvanced formform 
milkmilk solidssolids areare thethe desirabledesirable componentscomponents ininofof concentrationconcentration similarsimilar toto thethe oldold formform ofof 

creamcream separationseparation andand waterwater extractionextraction byby heatheat thethe productionproduction ofof somesome dairydairy products,products, suchsuch 
evaporation.evaporation. WithWith UF,UF, thethe separationseparation isis per asas cheese.cheese. UltrafilteredUltrafiltered milkmilk cancan alsoalso bebe ther
formedformed throughthrough aa porousporous membranemembrane thatthat bac-

per- ther-
malizedmalized (heated)(heated) inin orderorder toto inactivateinactivate bac

permitspermits thethe passagepassage ofof low-molecular-weightlow-molecular-weight teriateria growth,growth, whichwhich thusthus allowsallows forfor longerlonger 
substances.substances. LargerLarger moleculesmolecules cannotcannot passpass storagestorage ofof thethe concentratedconcentrated milk,milk, whilewhile 
throughthrough thethe membranemembrane andand areare retained.retained. TheThe keepingkeeping thethe milk'smilk's desirabledesirable qualityquality forfor 
firstfirst component,component, calledcalled permeate,permeate, containscontains cheesecheese makingmaking (Besnard,(Besnard, MauboisMaubois andand TarekTarek 
waterswaters andand lactose,lactose, andand cancan havehave aa significantsignificant 1981).1981). 



concentrationconcentration factor,factor, reducereduce costscosts ofof heatingheating 
andand coolingcooling milk,milk, andand lowerlower thethe amountamount ofof 
rennetrennet usedused inin cheesecheese making.making. Moreover,Moreover, UFUF 
cancan offeroffer significantsignificant advantagesadvantages inin thethe 
manufacturemanufacture ofof mostmost softsoft andand specialtyspecialty 
cheeses,cheeses, asas wellwell asas otherother fermentedfermented milkmilk 
productsproducts suchsuch asas yogurt.yogurt. PreliminaryPreliminary resultsresults 
areare thatthat cheesecheese mademade fromfrom UFUF milkmilk isis notnot dis
tinguishabletinguishable fromfrom regular-milkregular-milk cheesecheese (Zall(Zall 
1987).1987). ConsumersConsumers havehave notnot beenbeen shownshown toto 
rejectreject UFUF milkmilk products,products, andand therethere areare nono 
regulationsregulations restrictingrestricting theirtheir sale.sale. However,However, 
regulationsregulations andand consumerconsumer resistanceresistance makemake itit 
doubtfuldoubtful thatthat fluidfluid milkmilk reconstitutedreconstituted fromfrom UFUF 
milkmilk willwill bebe marketedmarketed inin CanadaCanada inin thethe nearnear 
future.future. 

dis-

deve-AlthoughAlthough UFUF technologytechnology waswas firstfirst deve
com-lopedloped forfor useuse atat thethe processingprocessing plant,plant, aa com

mercialmercial UFUF systemsystem hashas beenbeen developeddeveloped toto 
concentrateconcentrate milkmilk onon thethe farm.farm. AccordingAccording toto 
thethe manufacturer,manufacturer, thisthis systemsystem cancan easilyeasily bebe 
operatedoperated byby anan averageaverage dairydairy producer.producer. Thus,Thus, 
whetherwhether UFUF isis aa profitableprofitable newnew technologytechnology 
hashas toto bebe evaluatedevaluated bothboth onon thethe farmfarm andand atat 
thethe plant.plant. 

ThisThis paperpaper evaluatesevaluates thethe potentialpotential impactimpact 
ofof UFUF technologytechnology onon thethe OntarioOntario dairydairy 
industry.industry. SpecificSpecific objectivesobjectives areare to:to: 

• evaluateevaluate thethe profitabilityprofitability ofof on-farmon-farm UF,UF, 
• determinedetermine thethe potentialpotential forfor reducingreducing 

transportationtransportation costscosts throughthrough milkmilk collec
tion/UFtion/UF centers,centers, andand 

collec-

• estimateestimate thethe welfarewelfare impactsimpacts ofof UFUF onon 
producers,producers, processorsprocessors andand consumers.consumers. 

ResultsResults fromfrom thisthis studystudy willwill aidaid industryindustry andand 
governmentgovernment decisiondecision makersmakers inin assessingassessing thethe 
adoptionadoption ofof UFUF technology.technology. 

THETHE ONTARIOONTARIO DAIRYDAIRY INDUSTRYINDUSTRY 

TheThe OntarioOntario dairydairy industryindustry isis highlyhighly regu
lated.lated. AllAll commercialcommercial fluidfluid milkmilk soldsold inin 
OntarioOntario isis marketedmarketed underunder aa quotaquota systemsystem 
administeredadministered byby thethe OntarioOntario MilkMilk MarketingMarketing 
BoardBoard (OMMB),(OMMB), whichwhich isis empoweredempowered byby thethe 
federalfederal andand provincialprovincial governments.governments. InIn effect,effect, 
thethe OMMBOMMB ownsowns quota,quota, whichwhich itit leasesleases toto 
dairydairy farmers.farmers. ShippingShipping moremore one’s 

regu-

thanthan one's 
quotaquota resultsresults inin aa heavyheavy fine.fine. FarmersFarmers maymay 
tradetrade quotaquota onon anan auctionauction market,market, butbut thethe 

any oneOMMBOMMB limitslimits thethe amountamount ofof quotaquota anyone 
producerproducer maymay have.have. InIn additionaddition toto quotaquota poli
cies,cies, thethe OMMBOMMB setssets pricesprices receivedreceived forfor fluidfluid 
milkmilk andand allocatesallocates shipmentsshipments toto processorsprocessors forfor 
bothboth fluidfluid andand industrialindustrial milk.milk. 

poli-

mar-IndustrialIndustrial milkmilk inin CanadaCanada isis alsoalso mar
ketedketed underunder quota,quota, whichwhich isis administeredadministered byby 
thethe CanadianCanadian DairyDairy CommissionCommission (CDC).(CDC). TheThe 
CDCCDC andand provincialprovincial supplysupply managementmanagement 
authoritiesauthorities jointlyjointly administeradminister thethe NationalNational 
MarketMarket SharingSharing QuotaQuota PlanPlan (MSQ),(MSQ), whichwhich 
allocatesallocates thethe shareshare ofof CanadianCanadian industrialindustrial milkmilk 
amongamong thethe provincesprovinces andand establishesestablishes aa targettarget 
raterate ofof returnreturn forfor industrialindustrial milkmilk andand cream.cream. 
TheThe provincesprovinces thenthen managemanage thethe MSQMSQ withinwithin 
theirtheir jurisdictions.jurisdictions. TheThe CDCCDC setssets floorfloor pricesprices 
forfor butterbutter andand skimskim milkmilk powderpowder throughthrough itsits 
"offer“offer toto purchase”purchase" program.program. TheThe CDCCDC 
disposesdisposes ofof stocksstocks ofof nonfatnonfat solidssolids onon thethe 
internationalinternational marketsmarkets andand recoversrecovers anyany losseslosses 
throughthrough aa producer-financedproducer-financed levy.levy. 

AllAll fluidfluid andand industrialindustrial milkmilk haulagehaulage andand 
directiondirection inin OntarioOntario isis controlledcontrolled byby thethe 
OMMB.OMMB. TransportersTransporters workwork forfor thethe OMMBOMMB 
ratherrather thanthan forfor thethe producerproducer asas inin thethe UnitedUnited 
States,States, andand transporttransport costscosts areare consideredconsidered aa 
costcost ofof production.production. ProducersProducers paypay aa pooledpooled 
transportationtransportation costcost onon aa per-hectolitreper-hectolitre basis,basis, 
notnot aa per-hectolitreper-hectolitre per-kilometreper-kilometre basis.basis. InIn 
1989,1989, transporttransport costscosts averagedaveraged $1. 86/hL. TheThe 
OMMBOMMB allocatesallocates shipmentsshipments toto processorsprocessors 
accordingaccording toto plantplant quotaquota andand endend use.use. FluidFluid 
milkmilk hashas firstfirst prioritypriority inin allocationallocation andand 
receivesreceives thethe highesthighest price.price. MilkMilk forfor processedprocessed 
dairydairy productsproducts hashas fivefive classesclasses ofof milkmilk forfor 
pricingpricing purposes,purposes, butbut effectivelyeffectively consistsconsists ofof 

$1.86/hL. 

twotwo categories:categories: "soft" products,products, suchsuch asas cot
tagetage cheeses,cheeses, iceice creamcream andand yogurt,yogurt, andand 

“soft” cot-

"hard" products,products, suchsuch asas hardhard cheesescheeses andand“hard” 
milkmilk powderpowder (OMMB(OMMB DairyDairy StatisticalStatistical Hand
bookbook 1987-88).1987-88). TheThe OMMBOMMB allocatesallocates milkmilk 

Hand-

main-forfor softsoft productsproducts onon aa demanddemand basis,basis, main
tainingtaining aa priceprice differencedifference betweenbetween thethe milkmilk 
forfor softsoft andand hardhard products.products. ResidualResidual milkmilk isis 
thenthen allocatedallocated toto plantsplants onon aa historical-usehistorical-use 
basisbasis toto bebe usedused forfor hardhard products.products. TheThe priceprice 
forfor thethe residualresidual milkmilk isis essentiallyessentially thethe CDCCDC 
supportsupport price.price. PlantPlant supplysupply quotaquota forfor residualresidual 
milkmilk cancan bebe transferredtransferred amongamong plantsplants withwith thethe 
agreementagreement ofof thethe OMMB.OMMB. 



OntarioOntario dairydairy producersproducers receivereceive aa pooledpooled 
priceprice forfor theirtheir milkmilk basedbased uponupon theirtheir quotasquotas 
ofof fluidfluid andand industrialindustrial milk.milk. FluidFluid milkmilk pricesprices 
areare setset byby thethe OMMBOMMB basedbased uponupon aa cost-of
productionproduction formula.formula. ForFor aa readjustmentreadjustment inin thethe 
milkmilk pricingpricing formulaformula toto occur,occur, aa changechange hashas 

cost-of-

toto bebe atat leastleast 2 % ofof thethe totaltotal costcost ofof produc
tiontion (Stonehouse(Stonehouse 1979;1979; HammHamm 1986).1986). 

2% 	 produc-

METHODSMETHODS 

TheThe threethree specificspecific objectivesobjectives ofof thisthis studystudy 
requirerequire threethree methodsmethods ofof analysis:analysis: 

•	 aa partialpartial budgetbudget toto determinedetermine thethe costscosts 
andand returnsreturns ofof on-farmon-farm UF,UF, 

•	 aa location-allocationlocation-allocation modelmodel toto determinedetermine 
thethe optimumoptimum number,number, sizesize andand locationslocations 
ofof thethe UFUF centers,centers, andand 

•	 aa welfarewelfare analysisanalysis toto estimateestimate thethe impactimpact
ofof thethe newnew technologytechnology onon dairydairy 
producers,producers, processorsprocessors andand consumers.consumers. 

PartialPartial BudgetBudget ofof On-FarmOn-Farm UFUF 
PreviousPrevious studiesstudies ofof on-farmon-farm UFUF reportedreported 
significantsignificant economieseconomies ofof sizesize attributableattributable toto 
thethe fixedfixed costscosts ofof installinginstalling aa UFUF systemsystem 
(Slack,(Slack, AmundsonAmundson andand HillHill 1982;1982; FloriotFloriot andand 
OverneyOverney 1984;1984; BertrandBertrand 1986;1986; MortaraMortara 1986;1986; 
ZallZall 1987;1987; NovakovicNovakovic andand AlexanderAlexander 1987).1987). 
TheseThese studiesstudies reportedreported thatthat thethe savingssavings inin 
costscosts werewere notnot enoughenough toto compensatecompensate forfor thethe 
costcost ofof installinginstalling thethe UFUF systemsystem inin herdsherds ofof 
fewerfewer thanthan 100100 cows.cows. AllAll thethe studiesstudies usedused aa 
partialpartial budgetbudget approachapproach toto comparecompare thethe costscosts 
andand returnsreturns fromfrom UF.UF. 

AA partialpartial budgetbudget calculatescalculates thethe expectedexpected 
changechange inin profitprofit forfor aa proposedproposed changechange inin aa 
farmfarm operation.operation. ThereThere areare fourfour elementselements toto 
aa partialpartial budget:budget: 

•	 newnew costscosts incurred,incurred, 
•	 currentcurrent costscosts reduced,reduced, 
•	 newnew revenuesrevenues gained,gained, andand 
• currentcurrent revenuesrevenues lostlost (Kay(Kay 1986).1986). 

GivenGiven thatthat nono UFUF systemsystem isis operatingoperating onon anan 
OntarioOntario dairydairy farm,farm, aa partialpartial budgetbudget isis com
putedputed basedbased uponupon informationinformation fromfrom Alfa-

com-
Alfa

Laval,Laval, thethe OntarioOntario DairyDairy FarmFarm AccountingAccounting 
Manage-ProjectProject (ODFAP),(ODFAP), thethe OntarioOntario FarmFarm Manage

mentment AccountingAccounting ProjectProject (OFMAP)(OFMAP) andand 
previousprevious studies.studies. TheThe systemsystem evaluatedevaluated isis thethe 

Alfa-Laval Thermicon™
 

capablecapable ofof filteringfiltering 7575 toto 100100 litreslitres perper hourhour
 
Alfa-Lava1 ThermiconTMsystem,system, whichwhich isis 

perper membranemembrane toto aa concentrationconcentration factorfactor ofof 2x. 
TheThe partialpartial budgetbudget inin thisthis studystudy computes:computes: 

2r. 

0•	 amortizedamortized installationinstallation costscosts andand variablevariable 
operatingoperating costscosts ofof thethe UFUF system,system, 

•	 loweredlowered milkmilk coolingcooling andand transportationtransportation 
costscosts resultingresulting fromfrom thethe UF,UF, andand 

•	 savingssavings inin feedfeed costscosts byby feedingfeeding thethe 
permeate.permeate. 

DetailsDetails ofof thethe budgetbudget areare inin thethe Appendix.Appendix. 

CollectionCollection CentersCenters 

GivenGiven thethe distancesdistances thatthat somesome northernnorthern 
OntarioOntario producersproducers shipship theirtheir milk,milk, itit maymay bebe 
feasiblefeasible toto introduceintroduce thethe UFUF technologytechnology inin aa 
collectioncollection center,center, wherewhere rawraw milkmilk isis broughtbrought 
fromfrom severalseveral nearbynearby farms,farms, concentratedconcentrated 
usingusing UF,UF, andand thenthen shippedshipped toto finalfinal processingprocessing 
plants.plants. InIn effect,effect, thisthis poolingpooling ofof milkmilk wouldwould 
allowallow producersproducers toto taketake advantageadvantage ofof thethe econ
omiesomies ofof sizesize indicatedindicated byby previousprevious studies.studies. 
ThereThere areare legallegal restrictionsrestrictions onon marketingmarketing fluidfluid 
milkmilk thatthat hashas beenbeen reconstitutedreconstituted fromfrom UFUF 
milk.milk. Hence,Hence, UFUF milkmilk fromfrom thesethese collectioncollection 
centerscenters wouldwould bebe usedused forfor processedprocessed dairydairy 
productsproducts only.only. GivenGiven thatthat 58%58% andand 75%75% ofof 
thethe milkmilk inin OntarioOntario andand Quebec,Quebec, respectively,respectively, 
waswas usedused asas otherother thanthan fluid,fluid, UFUF centerscenters maymay 
bebe economicallyeconomically feasiblefeasible inin thethe CanadianCanadian dairydairy 

econ-

industryindustry (OMMB(OMMB 1989a). The feasibilityfeasibility ofof 
UFUF collectioncollection centerscenters hashas notnot previouslypreviously beenbeen 
studied,studied, butbut suchsuch collectioncollection centerscenters havehave beenbeen 
incorporatedincorporated intointo otherother agriculturalagricultural systemssystems 
(e.g.,(e.g., Baldwin,Baldwin, BabikerBabiker andand LarsonLarson 1987).1987). 

1989a). The 

collec-ToTo evaluateevaluate thethe feasibilityfeasibility ofof UFUF collec
tiontion centers,centers, bothboth thethe numbernumber ofof centerscenters andand 
theirtheir locationslocations mustmust bebe considered.considered. Thus,Thus, aa 
location-allocationlocation-allocation modelmodel isis developeddeveloped thatthat 
determinesdetermines thethe numbernumber ofof concentrationconcentration 
centerscenters asas wellwell asas thethe locationslocations ofof thosethose 
centers.centers. Moreover,Moreover, thethe capacitycapacity ofof thethe centerscenters 
isis variedvaried toto determinedetermine howhow thethe numbernumber andand 
locationlocation ofof thethe centerscenters changechange asas capacitycapacity 
changes.changes. 

der-TheThe literatureliterature onon locationlocation theorytheory isis der
ivedived fromfrom onlyonly aa fewfew majormajor worksworks (Norman(Norman 
1979).1979). WeberWeber (1929)(1929) isis thethe basisbasis forfor mostmost ofof 
thethe literatureliterature onon least-costleast-cost theorytheory ofof location.location. 



ApplicationsApplications ofof Weber's theorytheory havehave includedincluded 
determiningdetermining optimumoptimum plantplant locationlocation inin bothboth 
homogenoushomogenous andand heterogeneousheterogeneous marketmarket areas,areas, 
wherewhere demanddemand cancan bebeeithereither evenlyevenly distributeddistributed 
throughoutthroughout thethe areaarea oror concentratedconcentrated atat aa givengiven 
pointpoint (Losch(Losch 1954;1954; StollsteimerStollsteimer 1963).1963). 

Weber’s 

Usually,Usually, supplysupply sourcessources andand marketmarket territo
riesries areare defineddefined asas predeterminedpredetermined setssets ofof 
feasiblefeasible plantplant locations,locations, transportationtransportation andand 
handlinghandling costcost functionsfunctions areare known,known, andand thethe 

territo-

optimumoptimum oror least-costleast-cost sitesite isis selectedselected fro~ th.efrom the 
predeterminedpredetermined feasiblefeasible set.set. Thus,Thus, thethe optl~Ioptimi-
zationzation isis oneone ofof selectingselecting thethe least-costleast-cost sIte. 
Alternatively,Alternatively, givengiven aa finitefinite setset ofof supplysupply andand 
demanddemand points,points, therethere isis (are)(are) anan optimumoptimum 
location(s)location(s) forfor locatinglocating plants.plants. ThisThis latterlatter 
approachapproach generatesgenerates anan optimumoptimum sitesite oror sites,sites, 
butbut stillstill fromfrom aa predeterminedpredetermined feasiblefeasible set.set. 

AnAn extensionextension ofof thethe site-selectingsite-selecting andand 
site-generatingsite-generating modelsmodels isis toto includeinclude thethe costcost 
ofof establishingestablishing aa plantplant inin thethe model,model, oftenoften 

site. 

termedtermed aa "fixed-charge problem." SupposeSuppose 
therethere areare ii possiblepossible locationslocations fromfrom whichwhich toto 
choose.choose. TheThe costcost ofof establishingestablishing andand operatingoperating 

“fixed-charge problem.” 

aa plantplant producingproducing SiSi unitsunits isis Ci (Si):C;(S ; ) :  

Ci (Si) = 00 forfor SiS,  == 00c,(4) = 

CC,i (Si)(S,) FF,i ++ gi (Si) S,== g, (S,) forfor Si >> 00 

wherewhere 
FF;I	 == thethe investmentinvestment oror costcost ofof establishingestablishing 

thethe plantplant andand 
gi aa unitunit costcost ofof productionproduction atat thatthat pla.nt.g; ==	 plant. 

ModelsModels ofof thisthis typetype cancan bebe usedused toto determme 
whetherwhether aa plantplant shouldshould bebe builtbuilt asas wellwell asas itsits 
optimaloptimal locationlocation andand optimaloptimal sizesize oror capacity.capacity. 

TheThe aboveabove modelsmodels transfertransfer productproduct fromfrom 
thethe suppliersupplier toto thethe consumer;consumer; theythey dodo notnot 
allowallow forfor thethe possibilitypossibility ofof transshippingtransshipping aa 

determine 

commodity.commodity. AA modelmodel thatthat allowsallows forfor trans
shipmentshipment betweenbetween originsorigins andand destinationsdestinations andand 
alsoalso permitspermits storagestorage andand processingprocessing activitiesactivities 
cancan bebe usedused toto evaluateevaluate thethe organizationorganization ofof 
existingexisting plants,plants, asas wellwell asas thethe constructionconstruction ofof 
newnew plantsplants and/orand/or partialpartial processingprocessing centerscenters 
(e.g.,(e.g., Baldwin,Baldwin, BabikerBabiker andand LarsonLarson 1987).1987). 
SuchSuch aa modelmodel isis centralcentral toto thethe objectivesobjectives ofof 
thisthis study.study. 

trans-

Location-AllocationLocation-Allocation ofof CentersCenters inin OntarioOntario 

AA location-allocationlocation-allocation transshipmenttransshipment modelmodel isis 
developeddeveloped toto determinedetermine thethe optimaloptimal location,location, 
numbernumber andand capacitycapacity ofofUFUF centerscenters thatthat shouldshould 
bebe builtbuilt inin Ontario.Ontario. RecallRecall thatthat thethe OMMBOMMB 

ship-controlscontrols haulagehaulage andand directiondirection ofofallall milkmilk ship
trans-mentsments andand thatthat thethe producersproducers paypay pooledpooled trans

port costs.port costs. Hence,Hence, thethe objectiveobjective ofof thethe modelmodel 
isis toto minimizeminimize thethe costcost ofof shippingshipping milkmilk fromfrom 
thethe farmfarm toto aa processingprocessing plant,plant, eithereither directlydirectly 
oror viavia aa UFUF center,center, asas illustratedillustrated inin FigureFigure 1 .I. 
TheThe modelmodel includesincludes thethe totaltotal quantitiesquantities ofof 
industrialindustrial milkmilk suppliedsupplied andand demandeddemanded byby 
region,region, informationinformation onon transportationtransportation costs,costs, 
thethe annualannual amortizedamortized costcost ofof establishingestablishing UFUF 
centerscenters ofof variousvarious capacitiescapacities andand thethe operatingoperating 
costscosts ofof thethe centers.centers. 

Algebraically,Algebraically, thethe modelmodel is:is: 

MinWMin W == C C X r j j  Cl F , )EEXrij (Tij ++ Cj ++ Fj) 
i; Ij 

++ EECCXUjkXUjk (Tk(~k PUk)++ Pud 
ji kk 

++ EEXrik(1';k ++ Prk)Prk) ( I )(I) 
l kk 
C C X r j k(Tk
i 

suchsuch that:that: 

CXr, ,  = c CXulk V jVj (2)(2) 
I k 

CXr, ,  C X r , ,  5 SIS l ii V iVi ( 3 )(3)EXrij ++ E Xrik ~ 
iI kk 

EXrikCXr , ,  ++ EXVjkCXv,, ~2 PDIkPDIk v kvk (4)(4) 
iI j/ 

EXrijCXrIl  ~5 CAPCAP ** N jNj V jVj ( 5 )(5) 
jI 

TheThe variablevariable definitionsdefinitions areare inin TableTable I.1 .  TheThe 
objectiveobjective functionfunction hashas threethree parts:parts: .. 

establishing• thethe amortizedamortized annualannual costcost ofof establIshmg
F,,  Xr,,aa UFUF center,center, Fj, withwith capacitycapacity Xrij. atat 

transportinglocationlocation jj andand thethe costcost ofof transportmg 
rawraw milkmilk fromfrom producerproducer atat ii toto centercenter j ,j,
T I ,  	 C,,Tij, andand concentratingconcentrating thatthat milk,milk, C)' 

•	 thethe costcost ofof transportingtransporting UFUF milkmilk fromfrom 
centercenter jj toto thethe processingprocessing plantplant k ,k, ~k'qk ,
andand thethe costcost ofof processingprocessing UFUF milk,milk, 
Puk,PUk, andand 



c 

FigureFigure I.1. 

TableTable 1 .I. 
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Xrij 

Xr,k 
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= 
= 
= 
= 
= 
= 
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= 
= 
= 
= 
= 
= 
== 
= 
= 

FarmFarm (i)(i) 

Xri.RegularRegular milkmilk ==Xrij I 
I 

UtrafitrationUltrafiltration 
(j)centrecentre m 

UltrafilteredUltrafiltered milkmilk == XuXu jkjk 

AlternativeAlternative routesroutes withwith UFUF centercenter 

I 
'--------, 

ReI ular milk = Xr ik 

ProcessingProcessing
 
plantplant (k)(k)
 

DefinitionDefinition ofof variablesvariables usedused inin location-allocationlocation-allocation modelmodel 

milkmilk producingproducing regionregion 
UFUF centrecentre 
processingprocessing plantplant 
quantityquantity ofof rawraw milkmilk shippedshipped fromfrom producingproducing regionregion ii toto UFUF centrecentre jj 
quantityquantity ofof rawraw milkmilk shippedshipped fromfrom producingproducing regionsregions ii toto processingprocessing plantplant kk 
UFUF milkmilk shippedshipped fromfrom UFUF centrecentre jj toto processingprocessing plantplant kk 
transportationtransportation costcost fromfrom producingproducing regionregion ii toto UFUF centrecentre jj 
transportationtransportation costcost fromfrom UFUF centrecentre jj toto processingprocessing plantplant kk 
transportationtransportation costcost fromfrom producingproducing regionregion ii toto processingprocessing plantplant kk 
establishmentestablishment costcost ofof UFUF centrecentre jj 
perper unitunit operatingoperating costcost ofof UFUF centrecentre jj 
perper unitunit processingprocessing costcost usingusing rawraw milkmilk 
perper unitunit processingprocessing costcost usingusing UFUF milkmilk 
totaltotal industrialindustrial milkmilk producedproduced inin regionregion ii 
processorprocessor demanddemand forfor industrialindustrial milkmilk 
concentrationconcentration factorfactor 
UFUF plantplant capacitycapacity 
NumberNumber ofof UFUF plantsplants 

•	 thethe costcost ofof transportingtransporting rawraw milkmilk directlydirectly 
fromfrom thethe producerproducer atat ii toto thethe processingprocessing 
plantplant k ,k, Ttk, andand processingprocessing rawraw milk,milk,T k ,
Pr,.
Prk' 

TheThe objectiveobjective functionfunction ensuresensures thatthat thethe costcost 
ofof establishingestablishing aa UFUF centercenter isis notnot incurredincurred 

unlessunless rawraw milkmilk isis shippedshipped toto thatthat center.center. 
Moreover,Moreover, establishmentestablishment andand operatingoperating costscosts 
areare aa functionfunction ofof thethe amountamount ofof milkmilk toto bebe 
shippedshipped throughthrough thethe UFUF center;center; i.e.,i.e., F,Fj == 
f(Xr,,)j(Xri) andand CC,j == h(Xr,,). objec-h(XriJ)' Hence,Hence, thethe objec

jointly determinestivetive functionfunction jointly determines whetherwhether oror notnot 



thethe UFUF centercenter shouldshould bebe builtbuilt asas wellwell asas itsits 
locationlocation andand size.size. 

TheThe modelmodel waswas constrainedconstrained toto ensureensure 
that:that: 

•	 Xujkrthethe amountamount ofof UFUF milkmilk shipped,shipped, XUjk, 

concen-isis notnot moremore thanthan thethe equivalentequivalent concen
tratedtrated amountamount ofof rawraw milkmilk received,received, 
X ~ ; , / CX'ij/c (Eq.(Eq. 2),2), 

•	 totaltotal milkmilk shippedshipped fromfrom producingproducing 
regionregion ii toto aa Xri j .UFUF center,center, X'ij, and/orand/or 

Xrik ,directlydirectly toto aa processingprocessing plant,plant, X'ib isis 
notnot moremore thanthan isis producedproduced inin regionregion i ,i, 
SI;SI; (Eq. 3),0%. 31, 

•	 PDIkdemanddemand inin regionregion k,k, PDh isis satisfiedsatisfied 
(Eq.4),(Eq. 4), 

•	 thethe totaltotal UFUF capacity,capacity, CAP*NCAP*Nj,j , isis notnot 
lessless thanthan thethe amountamount ofof milkmilk filteredfiltered 
(Eq.(Eq. 5 ) ,5), andand 

•	 standardstandard nonnegativitynonnegativity conditionsconditions apply.apply. 
CostsCosts ofof establishingestablishing andand operatingoperating aa UFUF 

centercenter increaseincrease withwith thethe capacitycapacity of the center,center, 
whichwhich isis aa functionfunction ofof thethe quantityquantity ofof milkmilk toto 
bebe filtered.filtered. TheThe UFUF systemssystems consideredconsidered forfor 
thethe centerscenters areare largerlarger thanthan thosethose consideredconsidered 
onon thethe farm;farm; hencehence thethe establishmentestablishment andand 
operatingoperating costscosts areare estimatedestimated fromfrom aa limitedlimited 
numbernumber ofof existingexisting commercialcommercial systemssystems andand 
engineeringengineering information.information. Alfa-Lava1 

ofthe 

Alfa-Laval hadhad 
hL/hour 7070 hLihourhL/hour systemssystems forfor1010 hLihour andand 

$75,000$75,000 andand $370,000,$370,000, respectively,respectively, inin 1989.1989. 
TheseThese systemssystems couldcould operateoperate aa maximummaximum ofof 
1212 hourshours perper dayday duedue toto maintenancemaintenance andand 
cleaningcleaning requirements.requirements. AssumingAssuming aa concaveconcave 
costcost function,function, aa linearlinear approximationapproximation ofof thethe 
costcost ofof thethe UFUF equipmentequipment is:is: 

LogLog (C)(0 == 2.5221472.522147 -- 0.16566210.1656621 ** 
LogLog (hL/Y)(hL/ Y) 

wherewhere 
CC	 == thethe costcost ofof thethe system,system, andand 

hL/hL/ YY == thethe annualannual capacitycapacity inin hectolitres.hectolitres. 
TheThe costcost ofof aa buildingbuilding forfor thethe systemsystem alsoalso 
increasesincreases withwith capacity.capacity. GivenGiven thethe spacespace 
requirementsrequirements providedprovided byby Alfa-Laval,Alfa-Laval, comcom-
mercialmercial constructionconstruction companiescompanies provideprovide esti
matesmates ofof buildingbuilding costscosts as:as: 

esti-

Log(BC)Log(BC) == 12.3098612.30986 -- 0.92316270.9231627 ** 
Log(hL/Y)Log (hL/ Y) 

wherewhere BCBC == buildingbuilding costs.costs. AA one-acreone-acre parcelparcel 
isis assumedassumed toto accommodateaccommodate severalseveral differentdifferent 
buildingbuilding sizes.sizes. LandLand isis aa smallsmall fractionfraction ofof thethe 
totaltotal costcost ofof thethe UFUF center;center; hencehence changeschanges inin 
landland sizesize areare notnot consideredconsidered crucialcrucial toto thethe finalfinal 
results.results. TheThe averageaverage costcost ofof aa one-acreone-acre indus
trialtrial sitesite inin Guelph,Guelph, Ontario,Ontario, isis usedused asas thethe 

indus-

com-basisbasis forfor landland cost.cost. ResidentialResidential butbut notnot com
mercialmercial propertyproperty transactionstransactions areare monitoredmonitored 

rela-byby thethe OntarioOntario RealReal EstateEstate Board.Board. TheThe rela
tionshiptionship betweenbetween residentialresidential andand commercialcommercial 
landland inin GuelphGuelph isis assumedassumed constantconstant forfor thethe 
provinceprovince andand isis adjustedadjusted regionally.regionally. 

OperatingOperating costscosts areare extrapolatedextrapolated fromfrom 
NovakovicNovakovic andand AlexanderAlexander (1987)(1987) asas wellwell asas 
fromfrom informationinformation providedprovided byby Alfa-Laval:Alfa-Laval: 

Log(OC/hL)Log(0ClhL) == 3.8688283.868828 -- 0.48975070.4897507 ** 
Log(hL/Y)Log (hL/Y) 

wherewhere OCOC == operatingoperating costs.costs. Straight-lineStraight-line 
depreciationdepreciation isis assumed,assumed, withwith lifelife expectan
ciescies ofof 1010 andand 2020 yearsyears onon thethe UFUF equipmentequipment 
andand building,building, respectively,respectively, andand zerozero salvagesalvage 
value.value. TheThe BankBank ofof CanadaCanada averageaverage bondbond 

expectan-

yieldyield of9.9409% isis assumedassumed toto bebe thethe oppor
tunitytunity costcost ofof capital.capital. 

of 9.9409% 	 oppor-

first-TransportationTransportation costscosts areare modeledmodeled asas first
degreedegree approximationsapproximations ofof concaveconcave functions,functions, 
withwith costscosts aa linearlinear functionfunction ofof thethe distancesdistances 
overover whichwhich milkmilk isis hauled,hauled, plusplus aa constantconstant 
loadingloading cost.cost. FollowingFollowing FlemmingFlemming andand Hamm 
(1988),(1988), transportationtransportation costscosts areare differentiateddifferentiated 
betweenbetween shortshort (less(less thanthan 160160 kilometres)kilometres) andand 
longlong haulshauls (more(more thanthan 160160 kilometres).kilometres). 
AdjustingAdjusting forfor inflationinflation andand exchangeexchange raterate 

Harnrn 

differences,differences, Hahn's (1983)(1983) modelmodel providesprovides aa 
short-haulshort-haul modelmodel basedbased onon aa trucktruck withwith 
11,40011,400 kilogramskilograms ofof capacity,capacity, andand LoughLough 
(1977)(1977) providesprovides aa long-haullong-haul modelmodel basedbased onon 
aa trucktruck withwith 21,59021,590 kilogramskilograms ofof capacity.capacity. 
TheThe short-short- andand long-haullong-haul costcost functionsfunctions are,are, 
respectively:respectively: 

Hahn’s 

Short-haulShort-haul costcost ($/hL)($/hL) == 0.46580.4658 

++ 0.01120.0112 ** distancedistance inin kilometreskilometres 

Long-haulLong-haul costcost ($/hL)($/hL) == 0.46070.4607 ++ 
0.00800.0080 ** distancedistance inin kilometreskilometres 



RoadRoad distancesdistances betweenbetween citiescities inin OntarioOntario 
averageaverage approximatelyapproximately 30%30% longerlonger thanthan thethe 
straight-linestraight-line distancedistance betweenbetween thethe citiescities 
(Morris,(Morris, WesolowskyWesolowsky andand LoveLove 1988).1988). 
Hence,Hence, transportationtransportation distancesdistances areare estimatedestimated 
atat 130%130% ofof aa straight-linestraight-line distancedistance betweenbetween 
cities.cities. 

processors’TheThe processors' demanddemand forfor industrialindustrial 
milkmilk isis effectivelyeffectively twotwo demands:demands: milkmilk forfor softsoft 
productsproducts andand milkmilk forfor hardhard products.products. TheThe totaltotal 
quantityquantity demandeddemanded maymay notnot bebe moremore thanthan aa 
processor’sprocessor's quotaquota forfor industrialindustrial milkmilk (MSQ)(MSQ) 
plusplus milkmilk transferredtransferred fromfrom thethe fluidfluid market.market. 

processors’Hence,Hence, anyany changechange inin processors' demanddemand forfor 
oneone classclass ofof milkmilk affectsaffects theirtheir totaltotal demanddemand 
forfor milk.milk. AA syntheticsynthetic modelmodel isis employedemployed toto 

processors’approximateapproximate processors' demanddemand forfor milk.milk. 
DetailsDetails ofof thethe modelmodel areare inin thethe nextnext section.section. 

approxi-AdjustingAdjusting forfor inflation,inflation, itit costcost approxi
matelymately $18.23$18.23 toto processprocess aa hectolitrehectolitre ofof milkmilk 
intointo cheesecheese inin 19891989 (Statistics(Statistics CanadaCanada 1986).1986). 
EstimatesEstimates ofof savingssavings duedue toto usingusing UFUF milkmilk 
havehave rangedranged fromfrom $0.33/hL$0.33/hL toto $3.51/hL,$3.51/hL, 
dependingdepending onon thethe manufacturingmanufacturing methodmethod usedused 

con-andand thethe effecteffect ofof UFUF onon cheesecheese yield.yield. AA con
servative,servative, realisticrealistic estimateestimate ofof $0.90/hL$0.90/hL isis 
usedused inin thisthis studystudy (Novakovic(Novakovic andand AlexanderAlexander 
1987;1987; HillHill 1989).1989). 

QuantitiesQuantities ofof milkmilk suppliedsupplied andand processedprocessed 
Syn-byby regionregion areare suppliedsupplied byby thethe OMMB.OMMB. Syn

theticthetic functionsfunctions usingusing quantitiesquantities fromfrom thethe 
OMMBOMMB andand elasticityelasticity estimatesestimates fromfrom priorprior 
studiesstudies areare generatedgenerated forfor thethe processorsprocessors 
demanddemand forfor milkmilk andand areare discusseddiscussed inin thethe nextnext 
section.section. 

UFUF TechnologyTechnology andand IndustryIndustry WelfareWelfare 

InIn orderorder toto determinedetermine thethe netnet welfarewelfare effectseffects 
ofof UFUF technologytechnology onon thethe OntarioOntario dairydairy 
industry,industry, aa syntheticsynthetic modelmodel isis developeddeveloped thatthat 
incorporatesincorporates twotwo majormajor changeschanges expectedexpected 

UF. First,First, UFUF isis expectedexpected toto changechangefromfrom UFo 
transportationtransportation cost,cost, whichwhich isis consideredconsidered aa costcost 
ofof productionproduction underunder thethe supplysupply managementmanagement 
systemsystem inin Ontario.Ontario. InIn 1989,1989, transportationtransportation 

3.45% produc-costscosts averagedaveraged 3.45 % ofof thethe costcost ofof produc
$1.64/hLtion;tion; e.g.,e.g., $ I.64/hL inin southernsouthern Ontario.Ontario. ForFor 

aa readjustmentreadjustment inin thethe milkmilk pricingpricing formulaformula toto 
2%occur,occur, aa changechange hashas toto bebe atat leastleast 2 % ofof thethe 

totaltotal costcost ofof production.production. ThisThis 2%2% limitlimit meansmeans 
thatthat UFUF hashas toto decreasedecrease transportationtransportation costscosts 
byby atat leastleast $0.95/hL$0.95/hL inin southernsouthern OntarioOntario (57%(57% 
ofof thethe transportationtransportation cost)cost) toto affectaffect thethe milkmilk 
pricingpricing formula.formula. Second,Second, UFUF isis expectedexpected toto 
reducereduce thethe costcost ofof processingprocessing dairydairy products,products, 
especiallyespecially thethe "soft" processedprocessed products;products; itit 
costscosts lessless toto processprocess UFUF milkmilk thanthan regularregular 
milkmilk intointo softsoft dairydairy productsproducts (Novakovic(Novakovic andand 
AlexanderAlexander 1987).1987). Hence,Hence, thethe derivedderived demanddemand 
forfor milkmilk forfor softsoft productsproducts isis likelylikely toto changechange 

“soft” 

withwith thethe introductionintroduction ofof UFo However,However, thesethese 
changeschanges wouldwould occuroccur withinwithin thethe regulatedregulated 
supplysupply managementmanagement systemsystem ofof thethe OntarioOntario 
dairydairy industry.industry. 

UF. 

RecallRecall thatthat thethe totaltotal supplysupply ofof milkmilk avail
ableable forfor processingprocessing isis regulatedregulated byby thethe 
OMMB,OMMB, whichwhich sellssells quotasquotas toto dairydairy farmersfarmers 

avail-

forfor marketingmarketing fluidfluid milkmilk (FMQ)(FMQ) andand manufac
turedtured milkmilk (MSQ).(MSQ). MilkMilk supplysupply toto thethe 
processorprocessor forfor bothboth softsoft andand hardhard productsproducts isis 
alsoalso regulated.regulated. ProcessorsProcessors cancan buybuy milkmilk forfor 
softsoft productsproducts onon demand,demand, butbut therethere isis aa plantplant 
supplysupply quotaquota forfor milkmilk forfor hardhard products.products. InIn 
effect,effect, milkmilk residualresidual toto thethe milkmilk demanddemand forfor 
softsoft productsproducts isis aa perfectlyperfectly inelasticinelastic supplysupply ofof 
milkmilk forfor hardhard products.products. 

ThisThis situationsituation isis picturedpictured inin FigureFigure 2,2, 
wherewhere SsSs andand ShSh areare thethe suppliessupplies ofof milkmilk forfor 
softsoft andand hardhard products,products, respectively,respectively, andand DsDs 
andand DhDh areare thethe demandsdemands forfor softsoft andand hardhard 
products.products. TheThe supplysupply ofof milkmilk forfor hardhard 
products,products, Sh,Sh, isis aa residualresidual supply:supply: 

manufac-

ShSh == MSQMSQ ++ %FMQ%FMQ -- SS*Ss* 

wherewhere 
%FMQ%FMQ == aa portionportion ofof fluidfluid milkmilk notnot soldsold 

asas fluid,fluid, andand 
SsSs == anan amountamount predeterminedpredetermined fromfrom 

thethe demanddemand forfor milkmilk forfor softsoft 
products.products. ‘I 

Hence,Hence, anyany changechange inin SsSs willwill affectaffect Sh.Sh. 
FigureFigure 22 cancan alsoalso depictdepict thethe finalfinal marketmarket 

forfor softsoft andand hardhard products.products. GivenGiven SsSs andand Ds,Ds, 
consumerconsumer surplussurplus isis areaarea aa andand producerproducer 
(processor)(processor) surplussurplus isis areaarea bb ++ cc (Figure(Figure 2a).2a). 
ConsumerConsumer andand producerproducer surplussurplus forfor hardhard 
productsproducts givengiven residualresidual supply,supply, Sh,Sh, andand 

areasfconsumerconsumer demand,demand, Dh,Dh, areare areas! ++ gg ++ hh 
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FigureFigure 2 .2. Demand and supply of milk for "soft" and "hard" dairy products 

ii ++ k ,k, respectivelyrespectively (Just,(Just, HuethHueth andand S ’  toto aa decreasedecrease inin productionproduction costs.costs.andand S' duedue 
SchmitzSchmitz 1982).1982). AssumingAssuming thatthat UFUF lowerslowers thethe 
costcost ofof softsoft products,products, i.e.,i.e., shiftsshifts thethe supplysupply 
fromfrom SsSs toto Ss', consumers' welfarewelfare wouldwould 
increaseincrease byby areaarea bb ++ d,d, whilewhile softsoft productsproducts 
processors’processors' welfarewelfare wouldwould changechange toto areaarea 

Ss‘, consumers’ 

++ e .e. IfIf areaarea ee (<O),Cc -- bb >> 00 «0), processorsprocessors 
wouldwould bebe betterbetter (worse)(worse) off.off. TheThe increasedincreased 
demanddemand forfor milkmilk forfor softsoft productsproducts wouldwould 

avail-resultresult inin aa decreasedecrease inin thethe supplysupply ofof milkmilk avail
ableable forfor hardhard products.products. Subsequently,Subsequently, supplysupply 
ofof hardhard productsproducts wouldwould shiftshift fromfrom ShSh toto Sh' ..Sh ’ 
Consumers' surplussurplus forfor hardhard productsproducts wouldwould 
decreasedecrease toto areaarea j ,f, andand hardhard productsproducts 
processors’processors' welfarewelfare wouldwould changechange toto areaarea 

Consumers’ 

gR ++ i .i. ProcessorsProcessors wouldwould bebe betterbetter (worse)(worse) offoff 
ifif areaarea gg (R>> kk (g << k ) .k). 

farmers’ welfarewelfare wouldwould alsoalso bebeDairyDairy farmers' 
affectedaffected byby UF.UF. TransportationTransportation costscosts areare partpart 
ofof thethe farmer's costcost ofof productionproduction underunder thethe 
supplysupply managementmanagement systemsystem inin Ontario.Ontario. 
FigureFigure 33 depictsdepicts thethe OntarioOntario milkmilk marketmarket 
beforebefore UFUF withwith supply,supply, S,S, demand,demand, D ,D, andand 
anan effectiveeffective quota,quota, Qs,Qs, whichwhich isis lessless thanthan thethe 
marketmarket equilibriumequilibrium quantityquantity withoutwithout thethe 

farmer’s 

quota.quota. TheThe producer's surplussurplus isis areaarea ee ++ f, 
whilewhile areaarea dd isis thethe rentalrental raterate ofof quota.quota. WithWith 

producer’s j, 

thethe introductionintroduction ofof UF, farmfarm supplysupply shiftsshifts totoUF. 

Farmer’s areaJ’ g.Farmer's surplussurplus willwill changechange toto areaf ++ R, 
andand thethe rentalrental raterate forfor quotaquota willwill increaseincrease toto 
areaarea dd ++ ee ++ h.h. Hence,Hence, introductionintroduction ofof UFUF 
willwill increaseincrease thethe economiceconomic rentsrents accruingaccruing toto 
dairydairy quota.quota. 

AA syntheticsynthetic modelmodel isis requiredrequired toto deter
minemine thethe magnitudesmagnitudes ofof netnet welfarewelfare changeschanges 
duedue toto thethe introductionintroduction ofof UF:UF: 

deter-

PD,, = a. + a,*MP,, + az*P,/, + u3*P,, 

(7) 

CD,I' = Co + CI*P,f' (8) 

CD,f' PS'f' (10) 

CD"f' = PS"f' (II) 

SISI = PDIPDI = PD,I'PD,, ++ PD,,!, ( 12)= = PD,,l, (12) 
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FigureFigure 3.3.	 Supply,Supply, demanddemand andand productionproduction quotaquota atat thethe farmfarm levellevel 

wherewhere 
PDPD,sp PDhp == TableTable 2.2. ElasticitiesElasticities (E)(E) andand valuesvalues usedused totoandand PDhp processorprocessor demanddemand forfor
 

calibratecalibrate syntheticsynthetic modelmodel
milkmilk forfor softsoft andand hardhard
 
products,products, respectively,respectively,
 

ElasticitiesElasticities aaMP,p =	 processorprocessor priceprice forfor
 
milkmilk forfor softsoft products,products,


Mp.Tp = 

= -0.21-0.21PSpandand PI,,,Php == wholesalewholesale pricesprices ofofPsp 
= 0.300.30softsoft andand hardhard products,products, 
= -0.50-0.50respectively,respectively, 

P,,,Plio = weightedweighted processorprocessor = -0.54-0.54 

inputinput price,price, excludingexcluding = -1.00-1.00 
~milk,milk,
 

CDCDspsp CDIlp= consumerconsumer demanddemand forfor 19891989 valuesvalues toto calibratecalibrate syntheticsynthetic model h
andand CDhp = modelh 
softsoft andand hardhard products,products, 
respectively,respectively, = 2,103,090 hLhL 

PS, andand PSIIPPShp processorprocessor ofof == $45.1633/hL$45.1633/hL 

PD,,,	 = 2,103.090 
PSsp == supplysupply MP,,,
 

softsoft andand hardhard products,products,
 P,,,	 == $4.079/kg$4.079/kgSI =Sf = thethe supplysupply ofof industrialindustrial 
$9,008/kg== $9.008/kgP""milk,milk, andand 

P"	 == $18.23/hL$18.23/hLPDI = totaltotal processorprocessor demanddemandPDf = 
CD"" == 686,908686,908 (1000(1000 kg)kg)forfor industrialindustrial milk.milk. 
CD,,,Eqs.Eqs. 10,10, II andand 1212 areare equilibriumequilibrium conditionsconditions == 1,049,034 (1000(10001.049.034 kg)kg)
 

requiredrequired toto obtainobtain aa solutionsolution fromfrom thethe model.model.
 
ElasticitiesElasticities usedused toto derivederive thethe coefficientscoefficients andand Goddad 


1 1  

"Source:"Source: Goddard andand ConboyConboy (1989).(1989). 

startingstarting valuesvalues usedused toto calibratecalibrate thethe modelmodel areare (1989a. 1989b.hSource:hSource: OMMBOMMB (l989a, I989b, 1991):1991): StatisticsStatistics 

inin TableTable 2.2. Canada.Canada. 
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TableTable 4.4. MinimumMinimum profitableprofitable herdherd sizesize withwith aa20%20% 
decreasedecrease andand increaseincrease inin selectedselected variablesvariables 

MinimumMinimum profitableprofitable 
herdherd sizesize 

20%20% 20%20% 
ModifiedModified variablevariable decreasedecrease increaseincrease 

BasicBasic casecase I12112 112112 
TransportationTransportation costcost 127127 8888 
InterestInterest raterate 9999 I I9119 
EquipmentEquipment costcost 8686 127127 
ProductionProduction levellevel 128128 8383 
ConcentrationConcentration factorfactor 140140 8686 
MilkingMilking timetime I I6116 9999 
ElectricityElectricity costcost I l lIII 113113 
LaborLabor costcost 103103 1 I7117 
AllAll variablesvariables 155ISS 7979 

RESULTSRESULTS 

PartialPartial BudgetsBudgets 
TheThe resultsresults ofof thethe partialpartial budgetsbudgets forfor herdsherds 
rangingranging fromfrom 3030 toto 150150 cowscows areare reportedreported 
inin TableTable 3.3. TheThe savingssavings inin costscosts fromfrom thethe 
UF,UF, includingincluding thethe valuevalue ofof thethe permeatepermeate fedfed 
onon farm,farm, dodo notnot appearappear toto offsetoffset thethe amor
tizedtized installationinstallation andand operatingoperating costscosts forfor 
herdsherds ofof fewerfewer thanthan 130130 cows.cows. AA searchsearch 
findsfinds thethe minimumminimum herdherd sizesize forfor aa positivepositive 
netnet returnreturn toto bebe 112112 cows.cows. ArbitrarilyArbitrarily 
increasing/decreasingincreasing/decreasing thethe budgetbudget variablesvariables 
byby 20%20% givesgives aa minimumminimum herdherd sizesize rangingranging 
fromfrom 7979 toto 155155 cows,cows, asas reportedreported inin 
TableTable 4.4. Moreover,Moreover, aa breakevenbreakeven analysisanalysis 
determinesdetermines thatthat thethe annualannual investmentinvestment costcost 
ofof thethe UFUF systemsystem evaluatedevaluated inin thisthis studystudy 
wouldwould havehave toto decreasedecrease toto $1631$1631 fromfrom 
$4719$4719 inin orderorder forfor thethe UFUF systemsystem toto bebe 
profitableprofitable onon aa 50-cow50-cow dairydairy farm.farm. GivenGiven 

amor-

thatthat Ontario's averageaverage herdherd sizesize isis 4949 cowscows 
andand thatthat onlyonly 4.5%4.5% ofof thethe herdsherds areare largerlarger 
thanthan 8080 cowscows (OMMB(OMMB 1989a).1989a). itit isis unlikelyunlikely 
thatthat manymany OntarioOntario dairydairy producersproducers willwill 
adoptadopt UFUF systems,systems, given thethe 

Ontario’s 

on-farmon-farm gIven 
presentpresent costcost ofof thethe systems.systems. 
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FigureFigure 4.4. Twenty-fiveTwenty-five milk-producingmilk-producing regionsregions inin OntarioOntario 

CollectionCollection CentersCenters 

AA 10cation-alIocation modelmodel basedbased onon Eqs.Eqs. I 
toto 55 isis runrun toto determinedetermine thethe optimumoptimum numbernumber 
andand locationlocation ofof UFUF collectioncollection centerscenters inin 

location-allocation 1 

Ontario’sOntario.Ontario. Ontario's 5353 countiescounties areare aggregatedaggregated 
intointo thethe 2525 producingproducing regionsregions forfor computa
tionaltional tractability.tractability.22 MilkMilk productionproduction isis 
assumed to a 

computa-

assumed to bebe inin thethe centercenter ofof a county,county, withwith 
thethe centercenter ofof productionproduction inin eacheach ofof thethe 
2525 productionproduction regionsregions aa weightedweighted averageaverage 
ofof milkmilk productionproduction location.location. TheThe II11 demanddemand 
regionsregions correspondcorrespond toto thethe 1212 OMMBOMMB regions,regions, 
withwith regionsregions 1010 andand 1111 combinedcombined becausebecause ofof 
thethe fewfew processorsprocessors inin thosethose regions.regions. TheThe 
regionsregions areare delineateddelineated inin FiguresFigures 44 andand 5 .5. 

deter-GivenGiven thatthat thethe objectiveobjective functionfunction deter
minesmines thethe location,location, sizesize andand decisiondecision onon 
whetherwhether oror notnot toto buildbuild aa UFUF center,center, thethe 

objectiveobjective functionfunction isis nonlinear.nonlinear. TheThe 
processors’processors' demanddemand forfor milkmilk (Eq.(Eq. 4)4) isis alsoalso 
nonlinear.nonlinear. ReadilyReadily availableavailable softwaresoftware isis 
unableunable toto dodo aa mixed-integermixed-integer programprogram withwith 
aa nonlinearnonlinear objectiveobjective functionfunction andand aa nonlinearnonlinear 
constraint.constraint. FollowingFollowing aa standardstandard procedure,procedure, 

all vari-thethe modelmodel isis optimized,optimized, firstfirst allowingallowing alI vari
ablesables toto bebe continuous.continuous. TheThe modelmodel isis thenthen 

con-rerunrerun withwith thethe numbernumber ofof UFUF centerscenters con
strainedstrained toto 00 oror I ,I, dependingdepending onon whichwhich isis 

aclosest.closest. TheThe resultresult isis inin effecteffect a mixed-integermixed-integer
solution.solution. However,However, forfor nonlinearnonlinear models,models, thisthis 

solu-methodmethod doesdoes notnot guaranteeguarantee anan optimaloptimal solu
tion;tion; nonenone ofof thethe solutionssolutions nearnear thethe originaloriginal 
(noninteger)(noninteger) solutionsolution maymay meetmeet thethe integerinteger 
solutionsolution (Leibman(Leibman etet ala1 1986).1986). 

AA referencereference solutionsolution determinesdetermines thatthat 
are13,853,78013,853,780 hLhL ofof milkmilk are shippedshipped fromfrom 



FigureFigure 5.5. ElevenEleven milkmilk demanddemand regionsregions inin OntarioOntario 

farmsfarms toto plantsplants atat aa costcost ofof $2.14/hL,$2.14/hL, asas 
reportedreported inin TableTable 5.5. ThisThis costcost isis 15%15% higherhigher 
thanthan thethe 19891989 officialofficial transportationtransportation costcost ofof 
$1.86/hL$1.86/hL (OMMB(OMMB 1989b).1989b). TheThe introductionintroduction 
ofof 100100 L/hourL/hour UFUF collectioncollection centerscenters wouldwould 
decreasedecrease transportationtransportation costscosts byby almostalmost 10%, 
toto $26.7$26.7 millionmillion fromfrom $29.6$29.6 million,million, asas 
reportedreported inin TableTable 5.5. AverageAverage transportationtransportation 
costscosts wouldwould decreasedecrease toto $1.93/hL$1.93/hL fromfrom 

lo%, 

$2.14/hL.$2. 14/hL. AllAll 2525 producingproducing regionsregions wouldwould 
adoptadopt thethe technologytechnology andand therethere wouldwould bebe nono 
changeschanges inin thethe tradetrade flowsflows betweenbetween regions.regions. 
GivenGiven thatthat transporttransport costscosts areare pooledpooled andand paidpaid 
byby farmersfarmers inin Ontario,Ontario, itit isis expectedexpected thatthat 
changeschanges inin transportationtransportation costscosts duedue toto thethe 
introductionintroduction ofof UFUF wouldwould bebe passedpassed onon toto 
farmers.farmers. Moreover,Moreover, transporttransport costscosts areare con
sideredsidered aa costcost ofof productionproduction (COP)(COP) andand areare 
includedincluded inin thethe COPCOP formulaformula usedused toto determinedetermine 

con-

2%thethe priceprice ofof milk.milk. AA COPCOP changechange ofof 2 % oror 
moremore willwill triggertrigger aa changechange inin thethe priceprice ofof 
milk.milk. GivenGiven thatthat therethere cancan bebe aa delaydelay inin 
implementingimplementing changeschanges toto thethe COPCOP formula,formula, 
thethe modelmodel isis runrun withwith andand withoutwithout aa milkmilk priceprice 
change.change. However,However, asas reportedreported inin TableTable 5 ,5, 
whetherwhether oror notnot thethe changechange inin transporttransport costscosts 
duedue toto UFUF triggerstriggers aa changechange inin thethe priceprice ofof 
milk,milk, thethe priceprice ofof softsoft dairydairy productsproducts wouldwould 
decreasedecrease slightly,slightly, whilewhile thethe priceprice ofof hardhard 
productsproducts wouldwould increaseincrease slightly.slightly. AA changechange 
inin thethe priceprice ofof milkmilk makesmakes thethe changeschanges inin 
pricesprices ofof softsoft andand hardhard productsproducts onlyonly slightlyslightly 
greater.greater. 

WelfareWelfare EffectsEffects ofof UFUF 

EvenEven withwith aa milkmilk priceprice adjustmentadjustment duedue toto 
lowerlower transportationtransportation costs,costs, dairydairy farmers'farmers' 



TableTable 5.5. ChangesChanges inin pricesprices andand quantitiesquantities demandeddemanded duedue toto UFUF technologytechnology withwith 100100 hLlhour collectioncollectionhL/hour 
centrescentres 

WithWith UFUF 

VariableVariable 
ReferenceReference 
solutionsolution 

NoNo priceprice 
changechange 

PricePrice 
changechange 

TotalTotal transportationtransportation costscosts $29,647,089$29,647,089 $26,737,795$26,737,795 $26,737,795$26,737,795 

AverageAverage transportationtransportation costcost ($/hL)($/hL) $2.14$2.14 $I.93$1.93 $1.93$1.93 

(lo00QuantityQuantity demandeddemanded (1000 kg):kg): 
SoftSoft productsproducts 
HardHard productsproducts 

686,908686,908 
1,049,0351,049,035 

697,808697,808 
1,046,0561,046,056 1,045,938 

698,240698,240 
\'045,938 

of 

($/1000/kg) 
($/1000/kg) 

PricePrice of: 
MilkMilk forfor softsoft productsproducts ($/hL)($/hL) 
MilkMilk forfor hardhard productsproducts ($/hL)($/hL) 
SoftSoft productsproducts ($/ lOOO/kg) 
HardHard productsproducts ($/lOOO/kg) 

4 1.9324 
45.163345.1633 
41.9324 

4079.004079.00 
9008.089008.08 

45. I63345.1633 
41.932441.9324 

3959.143959.14 
9033.229033.22 

41.1224 
44.953344.9533 
41.7224 

3954.393954.39 
9034.239034.23 

~~~ ~~welfarewelfare wouldwould increaseincrease withwith thethe introductionintroduction TableTable 6.6. Agents’Agents' andand industryindustry surplussurplus afterafter thetheofof UF,UF, asas reportedreported inin TableTable 6 .6. ProcessorsProcessors ofof 
introductionintroduction ofof 100100 Llhour UFUF collectioncollection centrescentresL/hoursoftsoft productsproducts wouldwould bebe worseworse off,off, asas wouldwould underunder basebase scenarioscenario andand withwith 20%20% increaseincrease inin consumersconsumers ofof hardhard products,products, whilewhile processorsprocessors variousvarious costscosts ($000)($o00)
ofof hardhard productsproducts andand consumersconsumers ofof softsoft 

productsproducts wouldwould bebe betterbetter off.off. Overall,Overall, therethere AgentAgent BaseBase 20%20% inin allall costscosts 
wouldwould bebe aa netnet benefitbenefit toto thethe industry.industry. 

TheThe resultsresults areare relativelyrelatively stable.stable. CostsCosts areare +2,909+2,909 + 1.909ProducersProducers + \,909 
arbitrarilyarbitrarily increasedincreased 20%,20%, bothboth individualindividual ProcessorsProcessorscostscosts andand allall costs,costs, toto seesee howhow thethe agents' welagents’ wel- -40,515-40,515 39,374SoftSoft --39,374farefare changechange asas costscosts change.change. ForFor example,example, + 12,00812,008HardHard ++ 14,53314,533 +givengiven aa 20%20% riserise inin allall costs,costs, producers' welproducers’ wel-
farefare isis positive,positive, butbut 38 % lowerlower thanthan inin thethe ini ConsumersConsumers 

tialtial solution,solution, asas reportedreported inin TableTable 6.6. IndustryIndustry SoftSoft +86,305+86,305 +82.989 
38% ini-

+82,989 

surplussurplus decreasesdecreases byby onlyonly 13%13% withwith aa 20%20% -27,384-27,384 -26.327HardHard -26,327 

increaseincrease inin allall costs.costs. +35,848 ++3\,20531,205IndustryIndustry +35,848
TheThe collectioncollection centerscenters proposedproposed inin thethe 

modelmodel havehave varyingvarying capacities,capacities, dependingdepending onon 
supplysupply andand demanddemand factorsfactors atat theirtheir location.location. 
However,However, asas withwith manymany newnew technologies,technologies, thethe FewerFewer regionsregions wouldwould findfind UFUF collectioncollection 
firstfirst UFUF plantsplants willwill likelylikely bebe smallersmaller thanthan centerscenters economicaleconomical asas thethe capacitycapacity ofof thethe 
optimumoptimum andand operatingoperating onon aa trialtrial basis.basis. InIn centerscenters decreases.decreases. SmallSmall centerscenters capablecapable ofof 

hL/hour econom-suchsuch aa scenario,scenario, itit isis importantimportant toto determinedetermine filteringfiltering onlyonly 1010 hLihour wouldwould bebe econom
“trial plants.” icallyically feasiblefeasible inin onlyonly sixsix regionsregions (Table(Table 7).7).optimumoptimum locationslocations forfor thesethese "trial plants." 

AA capacitycapacity constraintconstraint isis addedadded toto thethe modelmodel Also,Also, asas thethe capacitycapacity decreases,decreases, thethe totaltotal 
toto seesee whichwhich regionsregions wouldwould adoptadopt UFUF givengiven surplussurplus toto thethe industryindustry decreasesdecreases (Table(Table 8).8). 
differentdifferent plantplant capacities,capacities, andand howhow adoptionadoption ProducersProducers havehave positivepositive welfarewelfare changeschanges withwith 
ofof thesethese smallersmaller plantsplants wouldwould affectaffect thethe thethe introductionintroduction ofof UFUF withwith nono capacitycapacity 
agents’ industry’s constraints,constraints, butbut underunder constraintsconstraints theirtheir welfarewelfareagents' andand thethe industry's welfare.welfare. 



Table 7. Producing regions adopting ultrafiltration under different plant capacity 

No 
capacity 

Size (in hUh) 

Region constraint 100 80 60 40 30 20 10 

1 Y Y Y Y Y no no no 
2 y y y y y no no no 
3 y y y y y y no no 
4 y Y Y Y Y no no no 
5 y y y y y no no no 
6 y y y y y y y no 
7 y y y y no y y no 
8 y y y y y no no no 
9 y y y y y y y no 

10 y y y y y y no no 
11 y Y y Y Y Y no no 
12 y Y y Y Y Y Y Y 
13 y y y y y y no no 
14 y y Y Y Y no no no 
15 y Y Y Y Y Y no no 
16 y y y y y y y Y 
17 y y y y y y y Y 
18 Y Y Y Y Y no no no 
19 y y y y y y no no 
20 y y y y y y no no 
22 y y y y y y y Y 
23 y y y y y y y Y 
24 Y Y y Y Y Y Y no 
25 y y y y y y y y 

y: adopted 
no: not adopted 

Table 8. Welfare impact of introducing ultrafiltration into different capacity plants ($000) 

hUh 

80 60 40 30 20 10 

Change in producers' surplus: +139 -1.108 -2.909 -139 +831 -416 
Change in processors' surplus 

Soft products -39.374 -38,671 -36,416 -21,788 -11,750 -6.725 
Hard products +11,998 +2.322 + 11.055 +6.500 +3.300 + 1,758 

Change in consumers' surplus 
Soft products +82,989 +81.524 +76.880 +46,403 +25.177 + 14,483 
Hard products -26.327 -16,436 -24,371 -14.572 -7,709 -4.239 

Total industry surplus change +29,425 +27.630 +24.238 + 16.405 +9.848 +4,860 



change is positive under only two scenarios. 
However, even with a 10 hLihour plant, there 
appears to be enough net benefit to the 
industry for some type of arrangement to 
compensate the losers in a trial run. 

SUMMARY AND CONCLUSION 

As expected, based on previous research, 
on-farm UF is currently not viable for the 
Ontario dairy industry. Fewer than 5 %of the 
herds in Ontario are large enough to take 
advantage of the economies of size associated 
with the technology. However, these same 
economies of size indicate that collection 
centers may be a viable way to adopt UF in 
Ontario. 

The location-allocation model and the 
synthetic industry model indicate that UF col
lection centers may be beneficial for the 
industry as a whole, but that some agents will 
gain while others lose. These results are rela
tively stable even with 20% cost increases. 
Previous studies have suggested that the 
gainers, usually the processors, could com
pensate the losers, usually the producers. This 
study, however, reports that producers will 
gain as long as the UF collection centers are 
large enough to exploit the economies of size 
of the technology. The primary losers from 
UF are processors of soft products. However, 
the large, positive gains for soft product con
sumers indicate that there is much room to 
adjust margins and for change in the 
industry's structure once UF is introduced. 

Lastly, even though definite economies 
of size are indicated throughout the study, 
there are industry gains from smaller capacity 
plants that can be built on a trial basis. This 
study identifies six regions in Ontario that 
could likely benefit from small UF collection 
centers. 

NOTES 

IA Journal reviewer questioned whether modeling 
supply as perfectly inelastic is realistic. The supply 
is not inelastic throughout its range of production 
but, in the range in which we are interested, it is 
very inelastic. Producers do not plan to produce 
milk used in hard products; they produce for fluid 

milk and for soft products, which receives a higher 
price than does milk used in hard products. The 
milk used for hard products is a residual of the 
quantity supplied for other uses. Hence, in the price 
ranges we model, the quantity of milk supplied for 
hard products is not responsive to price, and an 
inelastic supply is a reasonable approximation. 
2A Journal reviewer pointed out that aggregating 
the regions increases the likelihood that the 
aggregated solution is different from the disag
gregated solution. However, the aggregation was 
necessary given computer limitations; i.e., the 
model would not converge with 53 regions, but 
would with 25 regions. It is hoped that the given 
solution is not too divergent from the disaggregated 
solution. 
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APPENDIX 

The partial budget presented in this study is based in part on Novakovic and Alexander (NA), 
Bretrand (B) Viguier (V), the Ontario Dairy Farm Accounting Project (ODFAP) (Ontario 
Milk Marketing Board), and the Ontario Farm Management Accounting Project (OFMAP) 
(Ontario Ministry of Agriculture and Food). The calculations and assumptions used are as 
follows: 

I.	 Farm size is represented by the number of milking cows, ranging from 30 to ISO cows 
per farm. Average annual milk production per cow is 55.9 hL (5756 kg) (ODFAP). 

2.	 The UF system evaluated in this study is the Alfa-Laval Thermicon, which continuously 
heats and concentrates milk at a flow rate equivalent to the speed of the milking system, 
with automatic adjustment to variations in the milk flow rate. The cost of the UF system 



(not installed, not including the therrnalizer) is calculated as $11,100 + ($4,200 * number 
of membranes needed). The size and price ofthe thermalizer unit varies with herd size, 
with linear approximations for other herd sizes: 

Cost Herd size (cows) 

$ 2,700 30 
4,700 50 
9,600 100 

$14,500	 200 

Following NA and Alfa-Laval, installation costs and supplemental equipment is assumed 
to be 25 % of the cost of the UF and thermalizer equipment. 

3.	 Insurance, repair and maintenance on the UF system are set at 0.5% and 1.5% of the 
cost of the UF unit, respectively (based on ODFAP 1987). Alfa-Laval estimates parts 
and service on the UF unit to be 2 % of the cost of the unit. 

4.	 Membrane replacement costs are $800 per year. 
5.	 The concentration factor is 2x, which is a standard used in other studies (NA, B, V). 
6.	 The UF membrane evaluated has an average capacity of 87.5 litres per hour. 
7.	 Following NA, milking time is assumed to be two thirds a function of number of cows 

and one third a function of production per cow. Milking is assumed to take 12.5 minutes 
per cow (4.8 cows per hour) with an average milk flow of2.65litres per cow per minute 
(159 litres per hour). Total milking time is estimated as: 

MT = I [(NCOW/4.8 cows/hour)*2/3] + [(MDAYI159 L/hour)*1/3] )/MMU 

where 
MT = milking time in hours per day
 

NCOW = number of cows to be milked each day
 
MDAY = milk per day in litres
 
MMU	 = number of milking machines units
 

= 3 units for a herd of 30 to 50 cows
 
= 4 units for a herd of 51 to 90 cows
 
= 5 units for a herd of 91 cows or more.
 

Milk flow is calculated as Milk Flow (L/hour) = Milk per day (L/day)/MT. 
8.	 Transportation costs are $2.05/hL, the average cost paid in southern Ontario (ODFAP). 
9.	 The value of the permeate fed is based on a linear interpolation from Glover (1985), 

who calculated the values using Peterson's equations (Church 1986, 199-203): 

CF TS% P% NP-NC% Lactose % Ash % 
1 5.7 0.00 0.18 4.8 0.53 
3 6.1 0.06 0.19 5.1 0.53 

where 
CF = concentration factor, 
TS = 7. % total solids, 
p = % protein, 

NP-NC = nonprotein n-compounds. 
To apply Peterson's equations, it is estimated that lactose and protein provide 
4 Kilocalories per gram. 

10.	 The basis feeds for comparison of the permeate value are corn and soybeans, which cost 
$150 and $340 per tonne, respectively. 



Table A-I. Estimation of the capital investment needed 

Number of cows 

30 50 70 90 110 130 150 

Milking time (hours/day) 1. 71 2.85 2.99 3.85 3.76 4.45 5.13 
Milk flow (Llhour) 269 269 358 358 448 448 448 
Calculated # of membranes needed 1.84 1.84 2.46 2.46 3.07 3.07 3.07 
Actual number of membranes 
Thermalizer cost ($) 

2.00 
2700 

2.00 
4700 

3.00 
6660 

3.00 
8620 

4.00 
10090 

4.00 
11070 

4.00 
12050 

Supplemental equipment ($) 
UF and thermal unit ($) 
Total investment cost ($) 

5550 
22200 
27750 

6050 
24200 
30250 

7590 
30360 
37950 

8080 
32360 
32320 

9498 
37904 
47488 

9743 
38970 
48713 

9988 
39950 
49938 

UF depreciation ($/year) 2498 2723 3416 3636 4274 4384 4494 
Interest ($/year) 
Total investment costs ($/year) 

1832 
4329 

1997 
4719 

2505 
5920 

2666 
6302 

3134 
7408 

3215 
7599 

3296 
7790 

Table A-2. Estimation of operating cost 

Number of cows 

30 50 70 90 110 130 150 

Membranes replaced ($/year) 1474 1474 1965 1965 2457 2457 2457 
Electricity (cleaning) $/year 66 110 155 199 243 287 331 
Electricity (UF) ($/year) 221 394 440 601 621 773 938 
Cleaning detergent ($/year) 211 352 493 634 775 916 1057 
Labor ($/year) 2005 2064 2124 2183 2242 2302 2361 
Ins., rep. and maint. ($/year) 444 484 607 646 760 779 799 
Total operating cost ($/year) 4422 4879 5784 6228 7097 7514 7943 



II.� A linear depreciation of 10 years is assumed. 
12.� Interest is fixed at 12% per year. 
13.� Electricity costs and costs of cleaning the UF system follow B and V. Cleaning water 

per milking is estimated as 190 L hot water + 160 L cold water + 2.2 L rententate. 
Electricity (watts) for UF and thennization is estimated as Watts/L of milk = 1.14 + 
4539/L milk/day. Electricity to heat the cleaning water is Watts/hL/day = 5.2*litres 
of hot water used per day. Electricity costs $0.07/kW. Cost of cleaning detergent is 
$0.063/hL/day (Zall). 

14.� Labor required to operate the UF system (NA) is Total hours = [45 minutes + 10 
minutes1220 hL milk] /60. 

15.� Labor costs $7.00/hour. 
16.� Electricity required to cool one hectolitre of milk is 1.814 kWh/hL (B). Savings real

ized from less milk to cool is estimated at 37.5% (NA, B, V). Hence, the savings per 
hectolitre from cooling UF milk is 1.814 kWh/hL * 0.375 * cost of electricity. 

Table A-3. Costs and savings from using ultrafiltration at the farm, and results 

Number of cows 

30 50 70 90 110 130 150 

Cost of cooling milk in the tank ($/hL) 0.13 0.13 0.13 0.13 0.13 0.13 0.13 
Saving in cooling ($/hL) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
Total farm savings ($/year) 2187 3645 5103 6561 8019 9477 10935 
Farm net return ($/year) -6564 -5953 -6602 -5970 -6486 -5636 -4798 
Transportation savings ($/year) 1719 2865 4011 5157 6303 7449 8596 
Total net return ($/year) -4845 -3088 -2591 -813 -184 1813 3797 




