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ABSTRACT

dly increasing energy costs dictate a reappraisal of present methods of
Sporting fluid milk between surplus and deficit regions. Methods which
it transportation of a concentrated product which can be reconstituted
whole fluid product near the point of consumption have the potential
reducing energy use and consumer prices. Processing, transportation,
reconstitution costs for five alternative concentration options are
mated and compared with the present method of whole fluid distribution
Ialuate economic benefits at varying distances from assembly points to
ers. :
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‘This paper was prepared for limited distribution to the
research community outside the U.S. Department of Agriculture. %
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PREFACE

This paper was prepared as part of a

USDA task force effort to evaluate the
technical, economic, and legal feasibility
of alternative fluid milk concentration/
reconstitution methods, including membrane
reduction techniques. Numerous equipment
manufacturers provided valuable information
on equipment and operating costs. Prof.

A. C. Johnson, Jr. developed an indexing
procedure for updating transportation costs.
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ECONOMIC ANALYSIS OF ALTERNATIVE MILK CONCENTRATION METHODS

Summarz

There are substantial economic incentives to whole milk (for fluid
1se) concentration and reconstitution when distances between production
ind consumption points exceed 100 miles. Whole milk transportation
zosts presently exceed 0.3 cents/cwt./mile, and whole milk contains
37% water. Any method of reducing this high water content reduces
transportation costs proportionately, and all methods become increasingly
attractive as the length of haul increases.

Under the present state of the arts with respect to milk processing
technology, thermal evaporefion of whole milk to 36-40 percent solids
(about 2/3 of the water removed) is the least expensive concentratioﬁ
method for distances up to about 900 miles. At greater distances, it is less
expensive to concentrate to dry'ingredients (butter and non-fat dry milk).

For shipping distances less than 100 miles, it is cheaper to ship milk in

unconcentrated form. '
Thermal evaporation is neither an exotic nor a sophisticated process.

Substantial thermal-evaporator capacity is available in the United States

which ie presently used for condensing skim milk prior to drying. The same
eéﬁipment and procedures are applicable to whole milk condensation. Con-
sequently, this concentration option represents a limited departure from
eXisting practices, and one that could’be rapidly implemented.

Concentration to and subsequent reconstitution of butter (or butter

0il) and non-fat dry milk has received more publicity than other concentration
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reconstitution methods for several reasons -- large quantities of butter
nd powder are presently produced and sold to the Govermment through the
airy price support program; the option is wholly compatible with existing
airy processing practices; and maximum concentration is economically
ippealing for long hauls. But, compared with partial concentration of
thole milk, bﬁtter-powder concentration loses some of its appeal. Cream
ieparation, butter production, and skim milk drying add considerably to
‘he cost of reducing water content of milk, and spray drying, in particular,
s a liquid fuel-intensive process. The taste characteristics of butter-
sowder reconstituted products would likely be both inferior to and more
7ariable than reconstituted whole milk. Unrealistically long hauls are
necessary for butter-powder to be competitive with thermal-evaporation of
#hole milk,

Membrane reduction techniques (ultrafiltration and reverse osmosis)
are attractive milk concentration methods because they do not rely on heat.
Ultrafiltration is used extensively in whey reduction and reverse osmosis
has sucessfully been employed in concentrating skim milk. Problems of fat
buildup on membranes has-limited the use of reverse osmosis for whole milk
concentration, but recent advanées in membrane technology suggest the
imminent, if n;t current, feasibility of reverse osmosis for whole milk.
Under existing energy cost conditions, membrane reduction does not appear
competitive with thermal evaporation for large-scale in-plant operations.
This is largely because membrane reduction yields a lower concentration

level. But expected improvements in membrane efficiency could rapidly

change present competitive relationships.

Use of reverse osmosis whole milk reduction on the dairy farm is an
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SSpecially promising, though untested, concentration option. This process
Would involve a membrane reduction unit in line with the milking system.
Cost considerations would probably limit use of on-farm RO to large dairy
farms with high farm hauling charges. Moreover, concentration lewvels would
¢ less than that possible with conventional large-scale heat evaporation
3T a central assembly point. But tentative analysis of possible cost savings
iSsociated with on-farm RO, especially for shorter assembly point-to-bottler
hauls, indicates a need for further developmental research on RO units scaled

for on-farm use.

Introduction

Rising energy costs and increasing interest in reconstituted milk force
% re-examination of the economics of moving milk from farmer to bottler.
Yergers of milk marketing orders have increased the distance milk normally
moVesvwitﬁin order regiﬁns, and inter-order surplus-deficit transfers involve
distances exceeding 1,500 miles. Concentration of whole milk at assembly
Points prior to shipment to bottlers seems to hold considerable promise as
% means of reducing transportation costs.

Costs of several alternative means Qf milk concentration were examined
d compared with the prevailing method of country assembly and bulk trans-
Port of whole fluid milk. Some of the alternatives involve well-developed
‘echnology; others assume evolving technology will shortly permit their
SMDloyment. In most cases, estimates of costs are synthetic and must be
Viewed as approximations of what might be incurred under real-life operating

Conditions. Reconstituted milk products were necessarily assumed to be

SQuivalent to fresh whole milk in terms of consumer acceptance.




Concentration Options

Five options were evaluated. They are summarized in Table 1 and
YSChematically illustrated in Figure 1. TFigure 1 also shows the flow rate
(quantity to be transported) between farm and central assembly point and
Between central assembly point and bottling plant. Processing and trans-
Portation costs for each option are compared with a baseline, the conven-
tional method éf distributing unconcentrated whole fluid milk. The ordering
°f the options corresponds roughly to their departure from conventional milk

Processing procedures.

S8aseline

Fresh milk is assembled from dairy farmers in bulk on an every-otheré
day basis. The milk is held (38-40 degrees F) at a receiving station for
Subsequent transport to bottlers, where it is pasturized, standardized,
hOmoger;ized, and distributed to consumers as beverage milk. One cwt. of
Rilk from farmers yields one cwt. of milk at the bottling plant (ignoring
losses). Since this case serves as a base, the central receiving station
is viewed as a "sﬁnk" cost, that is, facilities and administrative and over-
head personnel are assumed to be adequate for all other options. This per-
Mits equipment and expenses specific to other options to be interpreted as

inecremental to the baseline.

Odtion #1 -- Butter-Powder Reconstitution

This option represents maximum concentration at the assembly point.
™ P - - e . . .
‘echnology employed is standard. The novelty lies in commercial reconstitu-

tion of the dry products in contrast to their normal sale as final products.

The advantages of concentration to dry ingredient form (butter and nonfat




Table 1.--Fluid Milk Processing Options

S———

Eﬁﬁiigg: Assembly of whole milk at central receiving station; transpor-
tation in unconcentrated form to point of consumption for pro-
cessing (pasturization, standardization, homogenization, etc.)
and bottling.

Wtion #1: Assembly of whole milk at central receiving station; cream/
skim milk separation; continuous churn butter production;
nonfat dry milk production using thermal-evaporation and
spray drying of skim milk; transportation of dry components
to point of consumption for reconstitution, processing, and
bottling.

Optj . i A

~JEEE_§25 Assembly of whole milk at central receiving station; cream/
skim milk separation: continuous churn butter production; con-
centration of skim milk using thermal-evaporation; transpor-
tation of concentrate and butter to point of consumption for
reconstitution, processing, and bottling.

Optian ¢ . - 2 P .

tion #3: Assembly of whole milk at central receiving station; concen-
traticn of whole milk using thermal-evaporation; transporta-
tion of concentrate to point of consumption for reconstitution,
processing, and bottling.

O0tian : iy ;

‘JEEELJEi: Assembly of whole milk at central receiving station; concen-

traticn of whole milk using two-stage ultrafiltration/reverse
osmosis process; transportation of concentrate to point of
consumption for reconstitution, processing, and bottling.

On-farm concentration of whole milk using single-stage reverse
osmosis; assembly of concentrate at central receiving station;
transportation of concentrate to point of consumption for recon-
stitution, processing, and bottling.




Figure 1. -- Flow diagrams for alternative methods of fluid milk concentration. ' T 7/
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doy milk) is that transportation costs from assembly point <o the point of
finay consumption are minimized -- only 13 pounds of solids remaig from
2 huhdredweight of milk produced on the farm. However, spray drying of

Skim milk is costly, requiring considerable amounts of liquid fuel for

heating (Appendix Table 1).

Opts . . . . A :
~EE£93_#2 -- Butter-Concentrated Skim Milk Reconstitution

This is a modification of option #l. Skim milk is conventionally
$VaDorated to forty percént solids content, but shipped to bottlers in the
Q°nCentra'ted form rather than dried. Potential advantages lie in omission
°F the costly spray drying process. Moreover, this option represents only
3 Minor deviation from conventional practices. However, 27 1lbs. of ingredi-
*Uts must be transported, more than double the quantity‘under butter-powder
l"EQOI'IS‘Eit‘u‘k:ion. Stability characteristics of concentrated skim milk are

Rot well known.

922293;#3 -- Concentrated Whole Milk Using Thermal-Evaporation

The technology for thermal-evaporation of whole milk is fairly well

developed. It is employed in the production of evaporated milk and Ultra

High Temperature (UHT) milk concentrates, but it is not used for whole milk

{eStined for commercial reconstitution. The concentration level is limited
t X ph s

% 40 percent solids (about 70 percent of the water of whole milk removed)

b Rty . . e
fCause of stability problems. The likely useful life of the product fol-

lowing concentration would be 3 - 4 days.

\

;UHT milk concentrates are common in Europe and some other countries. Several
USucessful attempts were made to market the product in the U.S. in the late
30's and early 1960's.




Regardless of questions relating to high perishability and stability,
ole milk concentration has potential for reducing costs of milk proces-
% ang shipment. Specifically, cream separation and butter manufacture
|e°mitted; benefits which must be compared with the disadvantage of higher

Hops . . . . . Gy _
pplng weights relative to options involving butter and skim milk or nonfat
g
g 2

T miyk,

It .
‘EELiﬁf-- Concentrated Whole Milk Using Ultrafiltration and Reverse Osmosis

TWO-stage ultrafiltration (UF) followed by reverse osmosis (RO) replaces
nwentional thermal-evaporation for milk concentration in this option. UF
&iins milk fat and protein, but removes lactose, salts, and ash. These
m®°nents are recovered by using reverse osmosis on what is removed by UF
’QmeEte), and returned to what remains (reteﬁtate). While this process is
)t°°mmercially used at this time in the U.S., extensive experimentation has
)mmented its commercial feasibility. It is commercially employed in con-
ttration of cheese whey.

The advantage of UF-RO over thermal-evaporation is in reduced liquid
JEJ'I‘ecluiz“emem:s. Energy use is mainly electrical power for maintaining
%s&uﬁ in the systems. However, the process is more sophisticated than

Ventional evaporation and has not been commercially tested on whole milk

I‘f] .
~uid use.

0
< . .
\\33_§§¥-~ On-Farm Concentration by Reverse Osmosis

In this option, whole milk is concentrated by 50 percent using a reverse

fos3 R or s
Sis unit connected directly to a milking parlor pipeline. The unit 1is
e

RSN . . . . . . .
utomatic, and can be operated in conjunction with the milking operation.

4
\s L . 3 -
h Milk temperatures (about 90 degrees F) are believed to be optimal for

e
R0 Process.
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Costs were synthesized for three herd sizes -- 100; 500, and 1,000 cows
“Ppendix Table 4). Processing capacity is designed for "flush" milk produc-
Hen of 100 1bs. of milk per cow per day, and the unit is assumed to operate
‘aly during milking hours (4 hours, 8 hours, and 16 hours per day, respec-
tiVely, for the three herd sizes).

This is a speculative option. Dairy technologists and processing equip-
Ment manufacturers disagree on the current feasibility of single-stage RO

e . - . . X .
“Ncentration of whole milk. The success of experiments has been mixed. But

the Conceptual attractiveness of the process is obvious. Compared to present

DD e s : . : .
*chtlces, farm to assembly point as well as assembly point. to bottler trans-

D . ‘ .
*Ortation costs could be reduced.

'CostvComDarisons

Drocess_ing costs for the five concentration options were estimated using
upda'ted published estimatés and synthesizéd costs. Processing costs for
Wtion #71, butter-powder reconstitution are specified as 90 cents per cwt. of
Paw fluid milk. This is approximately the cost used by Hammond, Buxton,'and
Thraen% in their 1979‘study of reéonstituted milk. Processing costs for the
bemaining options afe based on equipment invéstment and operating data pro- 
"{deq by dairy equi?ment manufacturers. Data and underlyihg éssump%ions

e specified in the appendix.

S——

o
o

QHammond J. W., Buxton, B.M., and C. S. Thraen, Potential Impacts of Re-

~93531§uted Milk on Regional Prices, Utilization, and Production, Station
UWlletin 529, University of Minnesota. While this publication is based on
2378 conditions, the 90 cents/cwt. is believed to be currently applicable

( large, efficient butter-powder plants. The .authors note that actual costs
frOm surveys) in 1976 were well below 90 cents. Moreover, the other con-

entratlon options involve svnthetlc costs based on new equlnment and hlgnl/

.:~
’C1ent technologj.
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Based on Hammond, Buxton, and Thraen, reconstitution costs at the bot-

uing plant are specified as 6 cents per cwt. of fluid milk equivalent for

i
;mmter-powder and butter-skim milk concentrate reconstitution, and 5 cents

% ewt. for options not requiring butterfat mixing.
Transportation costs were estimated by updating recent survey and syn-
th

‘®sized hauling costs to April 1980 using selected price indexes. Trans-

¥rtation costs are summarized in Appendix Table 5.

 88sembly, Processing, and Reconstitution (APR) Costs

Costs of alternative concentration options up to the receiving station

>]0ﬂding dock are summarized in Table 2. Given the assumptions used (sunk

®sts for plant and administration and overhead), the baseline exhibits the
1 3 s s ‘ . . X bes
“OWwest costs when receiving station plant-to-bottler costs are not considered.

T . . : . R .
he concentration options show costs ranging from 2 to 5 times baseline costs.

b Do . = :
{ Wstantial economies to scale are noted for on-farm reverse osmosis. APR

-QQSts, mainly in processing, for the small herd are more than 3 times the

ileVel for 1,000 cows. The low charge for farm hauling of whole milk results A

W the large herd on-farm reverse osmosis option showing the lowest costs of

the concentration optioms.

SE§3§7Delivered to Bottler

The six metheds of handling whole milk represent different levels of con-
‘entpation, resulting in different costs of delivery from assembly point to
b°ttler. Delivery costs can be added to the APR costs shown in Table 2 to
Qetermine total delivered cost according to distance between assembly point

N4 bottler. These costs are shown for distances up to 1,750 miles in Table

3
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Tb1e 2. -- Estimated Costs of Raw Milk Assembly, Processing, and
Reconstitution for Alternative Fluid Milk Concentration

Options
% Option Assembly | Processing| Recomst.| Total
§ ------------- cents per CWwt.,--—====—==---
Waseline 30.9 -0- -0~ 30.9
1~ butter-powder 30.5 0.0 6.0 126.9
f ® - butter-skim conc. , - 30.9 5.0 6.0 101.¢
3. thermal-evap. whole 30.9 21.0 5.0 56.9
¥ - UF-R0 whole 30.9 27.8 5.0 53.8
S~ on-farm R0 - 50 cows 15.u - 137.0 5.0 157.4
500 cows : 15.4 54.0 ’5.0 7L.u

1,000 cows o 15.u 32.0 5.0 52.L




Table 3. —— Estimated Costs to Process and Transport 100 Lbs. of FLiufld rMiZk

A-P-R A Total Cost
Concentration Option 1)
Cost Distance, Assembly Point to Bottling Plant, Miles
100 | 250 500 | 750 l 1000 l 1250 l 1500 | 1750
————————————— dollars per cwt. of whole fluid milk-------------ce-uv
‘Baseline - whole unconc. .31 .73 1.23 2.05 2.87 3.67 4.51. 5.34 6.16
1 - butter-powder 1.27 1.35 1.38 1.44 1.50 1.55 1.61 1.66 }.72
2 - butter-conc. skim 1.02 1.16 1.29 1.51 1.73 1.95 2.17 2.39 2.61
3 - thermal-evap. whole .57 .70 .86 1.11 1.37 1.63 1.88 2.14 2.40
y - UF—RO whole .6l A-.85 1.10 1.51 1.92 2.33 2.74 3.15 3.56
5 - on-farm RO: 100 cows 1.57 . 1.78 2.03 2.u44 2.85 3.26 3.67. 4.08 h.49
500 cows .74 .95 1.20 1.61 2.02 2.43 2.84 3.25 3.66
1,000 cows = .52 .73 .98 1.39 1.80 2.21 2.62 3.03 3.u4

1) Assembly, processing and reconstitution

[
N
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The relative cost differences among and between the options and the

baseline change dramatically as mileage increases. At 100 miles, thermal-

evaPora'tion of whole milk is cheaper than unconcentrated milk shipment.
5 ThEI‘rnalevapor'a*tion remains the least-cost option up to a distance of about
§ L,000 miles, where butter-powder reconstitution becomes the least expensive
‘alternative.
The otherbopfions aré redundant in the sense that their total costs
- ®XCeed those of other options at any distance. Costs for butter-concentrated
Skim rise at a slower‘rate than costs for thermal-evaporated whole milk,
Sut are greater at all distances shown; Compared with thermal-evaporated
ole milk, the higher processing costs associated with butter-concentratad
Skim are'not_COmpletely offset by lower-tréns?crtation costs. |
Two-stage ultrafiltration%reverse»osmosis of whole milk e#hibits‘total
deliVered costs close to tﬁose for théfmal'evéporation at éhcft distances.
H°Wever, the lower,concentrationvof Ur-rRO (50 perceht compafed to 68.75
Sercent) places the option at avcompafativé disadvantage in long assembly
Nint-to-bottler hauls. |
Total delivered costs for on-farm reverse osﬁbsis depénd on herd size..

Tor the small herd, costs exceed all other options except for the longer

dls‘tances. But costs for the 500-cow herd compare favorably with two-stage

UF-z0 (option #4), and range from $.25 to $1.26 above thermal evaporation

il

Qosts’(op‘t:ic:n #3). For the 1,000-cow herd, costs are even more advantageous,
Specially at short assembly point-to-bottler hauls. The feasibility of
M~farm RO is quite sensitive to farm hauling rates; increases make the

Uternative increasingly less costly relative to the other optioms.

The three options with the lowest combined costs are plotted against
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distance in Figure 2. Up to 86 miles between assembly point and bottler,
‘nventional (baseline) practices result in minimum costs. Between 86 and
07 miles, thermal evaporation of whole milk is most economical, while the

dype . . . .
utser--powder option is cheapest at distances greater than 907 miles.

Ifs - -
i8¢t of Energy Cost Increases

To appraise how costs might be influenced by higher fuel and electricity

D . . .
*Plces, direct energy costs for processing and transportation were doubled.

Rees . . . 5
. fCalculated costs for raw milk assembly, processing, delivery to bottlers,

- R . .
- " reconstitution are shown in Table 4. All cost figures are elevated

QQ 3 . » .
. NSiderably, but few relative changes are apparent. On-farm reverse osmosis

d ; . . .
SComes a bit more attractive, but delivered costs (large herd unit) are

N ; ' . : . . . .
*111 slightly above the baseline or the thermal-evaporated whole milk option at

£

distances. Least-cost alternatives for the higher energy cost case are

=%

1 . . :
“~Ustrated in Figure 3. Compared to the current energy cost case (Figure
2) . . .
)s the zone in which unconcentrated milk possesses a cost advantage expands
$n . k : 3 i

*Om 86 +o 106 miles. Thermal-evaporated milk is cheapest up to 954 miles,

L ' . ‘
here the butter-powder option gains an edge.

Conclusions, Observations, and Caveats

N

Substantial economic incentives to concentration and reconstitution of
"hole milk for fluid use are apparent whenever milk needs to be transperted
Rore than about 100 miles from an assembly point. Of course, this brief
SConomie analysis assumes away many of the tehnologiéal and institutional

MDediments to employment of the options considered. Limited knowledge is

vz . . A 2 s . .
"21lable concerning technological feasibility, product stability, sanitation

Yoyt ' . .
Wirements, consumer acceptance, and other problems. Institutional
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Table 4. —— Estimated Costs to Process and Transport Zo00 LlIs.

1980) Direct Energy Costs

P FZaaZcd rTEITR, DPoabZd i A Ciar sy — A vz

Concentration Option AﬁP—Rl) Total Cost
Cost Distance, Assembly Point to Bottling Plant, Miles
100 250 500 750 1000 1250 1500 1750
————————————————— dollars per cwt. of whole fluid milk-----------uue—o
Baseline - whole unconc. .37 .87 1.48 2.50 3.52 .54 5.55 6.57 7.59
1 - butter-powder 1.65 1.74 1.78 1.85 1.92 1.99 2.06 2.13 2.20
2 - butter-conc. skim 1.28 1.4y 1.61 1.88 2.15 2.42 2.69 2.97 3.24
‘3 - thermal-evap. whole .73 .89 1.08 1.40 1.71 2.03 2.35 2.67 2.99
4 - UF-RO whole .78 ~1.04 1.34 1.85 2.35 2.86 3.37 3.88 4.39
5 - on-farm RO: 100 cows 1.77 2.02 2.33 2.84 3.34 3.85 4.36 .87 5.38
500 cdws .88 1.13 1.u44 1.95 2.45 2.96 3.u7 3.98 .49
1,000 cows .64 - .89 1.20 1.71 2.21 2.72 3.23 3.74 4,25

1) Assembly, processing and reconstitution
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“nsiderations include the status of concentrated milk products under state
N Federal regulations, and the possible opposition of truckers' unions
' concentration.
2 Tradeoffs between transportation and processing costs yield a cost advan-
tage to thermal-evaporated whole milk over a range from about 100 to S00 miles
between assembly point and bottler. At a distance less than 100 miles, deliv-
¥y of unconcentrated milk is the least expensive method, while butter-powder
"constitution minimizes costs at distances greater than 900 miles. The
SDarent superiority of the thermalfevaporation option must be viewed with
Some skepticism. There are many unanswered technical questions concerning
tr’a!?lspor't:a‘.:J’.on of whole milk concentrate. In addition, estimated processing
Osts are quite low (21 cents per cwt. of raw milk) and may be based on opti-
mistic.evaporation efficiency or failure to include some associated costs. On
the other hand, if thermal-evaporafion can be successfully employed to reduce
"Mole milk to one-third original volume, then processing costs substanﬁially
higher +han fhose used in thié analysis could be incurréd without eliminating

Y '
‘d¢ option's comparative advantage at '"middle distance" assembly point-to-

ofe
o«

%Ottler hauls. The thermal-evaporation option would seem to merit additiomal

STudy based on its economic advantage.
3. On-farm reverse osmosis also holds considerable promise, even though it

®Ntailed marginally higher delivered fluid milk costs than the optimal optioms.
Ro Mmembrane technology has advanced rapidly in recent years, and while experts

dlSagree on the current feasibility of on-farm RO, few would dispute the

longer-term feasibility.
..\

For example, if thermal-evaporation processing costs were doubled (to 42
Cents per cwt.,), the assembly point-to-bottler range over which the option
¥ould be least costly would change from (86 - 906) miles to (179 - 6u45) miles.




On-farm RO is particularly attractive for large dairy farms and where
thauling charges are high. Hauling rates used in comparing options
bQmOdified to examine levels which would increase the attractiveness of

* Process. With a farm-to-assembly point hauling charge of 75 cents per
%W on-farm RO for the 1,000 cow herd becomes less costly than whole milk
ssembly regardless of the distance the milk is hauled to bottlers. That
s’°°mbined milk a@ssembly, processing, and reconstitution costs for on-farm .

e less than whole milk assembly costs. In this case, on-farm RO would

A
the cheapest means of concentration up to a distance of 246 miles from

A . . .
$bly point to bottler (see Figure 4). Between 246 and 906 miles, thermal-
K& . . . . .
Poration of whole milk is the least-cost option, with butter-powder
n . . . ‘ . .
Centration/reconstitution cheapest at distances greater than 906 miles.

An added advantage of on-farm RO is a reduction in farm bulk cooling

Y
Nk . :
X investment and operating costs. Reduced electrical requirements for

o1 5 . . . A
llng are estimated to equal one-fourth of the RO unit electrical require-
1 q

%
s, Also, RO permeate might be used to supplement dairy farm water needs.

On the negative side of the ledger, the large required investment and
B
oD . p - . . = .
“qvent size economies of on-farm RO might accelerate small dairy farm dis-
N :
g : -~ . . . .
Cement, Moreover, the absence of existing operating units suggests that

Y ‘
W costs associated with on-farm RO might well have been ignored in this

bog

®f economic overview.

1.
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‘ovendix Table 1. -- Estimated Spray Drying Cost for Nonfat Dry Milk

S——

Spray drying investment -- $1.35 mil., including bulk holding, handling, and
%ading equipment.

fnnyal investment cost Q@ 16.17% Y $218,250
Labop 52,500
Nectricity 125,000
leaning supplies; misc. 50,000
Total annual fixed cost Su445,750
Fixed cost/cwt. of raw milk 111
Added evap. cost/cwt. 2/ , .0106
Steam cost/cwt. 3/ .1230
Total cost/cwt. of raw milk $0.25
&/
Depr. = 6.67%: int. on inv. = 6.0%; and repairs, maintenance, and ins. = 3.5%

of initial investment. Unit is assumed to be capable of reducing 4.0 mil.
Cwt. of raw milk annually.

Skim milk as assumed to be reduced to 48% solids prior to intrecduction into
the spray dryer. It is reduced to 40% if concentrate is to be shipped
(Option 2).

Estimated steam requirements are 2,100 BTU's per 1lb. of water removed.
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APPendix Table 2. -- Estimated Costs of Conventional Thermal-Zvaporation of
Whole Milk, 80,000 Lbs./Hr. Raw Milk Feed Rate and 40%
Final Solids

QEBg; Investment Costs L
Depreciation (15 year life, straight-line) $100,000
Interest on investment (12% of mid-life value) 30,000
Repairs, maintenance, ins. (3%% of initial inv.) 52,500
$2u42,500
U2l Operating Costs \
Labor (5,750 hrs. @ $10.50) $ 60,000
Electricity 3) 30,000
Expendable supplies (mainly cleaning reagents 130,000
Steam “ 366,000
$586,000
Total annual cost at 100% capacity $828,500 -
cost per cwt. of milk evaporated ' 0.21

L Based on initial investment of $1.5 mil. for equipment, installation, and
utility hookups. It is assumed that an appropriate plant site, building,
and other administrative overhead is available as part of an existing milk
assembly facility. Hence, overhead costs are not charged to the evapora-
tion operation. '

2) Based on 5,000 yrs./hr. operating time at 800 cwt. per hour input plus

730 hrs./year cleanup.

%) Horsepower requirements are 125 hp during evaporation and 200 hp during

Cleaning/sanitizing. Rate used is $0.05/kwh.

4)

Water vemoved from fresh whole milk @ 12.5% solids with final concentration
of 40% solids is 68.75 lbs. With 1 1lb. steam required to remove 4.5 lbs.
of water, steam use per cwt. of whole milk input is 15.25 lbs. Steam

Costs are charged at $6.00/1,000#, which is high for boilers fired by
Natural gas and low for boilers fired by fuel oil.
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Adpendix Table 3. -- Estimated costs of two-stage ultrafiltration-reverse
osmosis of whole fluid milk, 80,000 lbs./hr. raw
milk feed rate and 18% final solids (2 to 1

concentration)
EPVestment: Ultrafiltration unit - $1,450,000
Reverse osmosis unit - 700,000
Pasturizer - 100,000
$2,250,000
Annual Costs
fnnual investment cost @ 16.17% L $ 365,000
- . 2
Eab°r 52,500
“lectricity ' 137,600
y ®aning supplies, misc. - 67,500
Smbrane replacement 2) 293,000
90ling water and pasturizer steam 202,300
Total annual costs $1,117,900
Annual costs per cwt. of raw milk .279
Y}
Depr. @ 6.67%; int. on inv. @ 6%; and repairs, maintenance, and insurance
2 3.5% of initial investment.

2)

Steam for pasturizer @ 4,960 #/hr.; steam for cleaning UF and RO units 2

2,564 #/day; and 236,000 # cooling water/day 3 $.07/1000%#.
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Appendix Table 4 -- Estimated Costs of On-Farm Reverse Osmosis Concentration

of Whole Milk

Herd Size (No. of Cows)

! 100 500 1,000
Unit Size:
- (1) No. of RO modules 16 40 40
(2) Recycle pumps - no. and ,
cap. 1-24,000#/hr.  2-26,400#/hr.  2-26,400#/hr.
Hours per day operated 4 8 186
Annual volume of milk Droduced
(ewt.) 15,000 75,000 150,000
Total initial investment $75,000 $120,000 $120,000
‘dnnual investment costs
Depreciation $ 5,000 $ 8,000 S 8,000
Interest on investment 2) L,500 7,200 7,200
Repairs, maintenance, ins. 3) 2,625 4,200 L, 200
Total - 12,125 19,400 13,400
fnnual operating costs :
Membrane replacement 4) $ 2,000 $ 5,000 5 6,500
Cleaning materials and supplies 3,500 8,750 - 8,750
Electricity S . 2,900 7,700 12,800
8,400 21,450 28,050
Total annual costs 20,525 40,850 47,450
Cost per cwt. 1.37 0.5u ~0.32

L) Straight-line, 15 year life on all equipment
%) Twelve percnnt'on mid-life investment

) Based on 3.5% of initial investment

Replace every two years for 100and 500 cow units, every 18 months for 1, OOO

cow unit. Replacement cost (installed) at $250 per module.
%) Based on operating time plus 4 hours/day cleaning and sanltLZLng
ments are 20 kw for 100 cow unifts and 35 kw for 500 and 1

Xw require-
,000 cow units.
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xbpendix Table 5. -- Estimated Transportation Costs for Milk, April 1280.

All Costs in Terms of Dollars per Cwt. of Whole Milk
Equivalent .

Farm to first receiving station: $.309/cwt.

Based on Keaton, Mark, Final Report to the Wisconsin Transportation
Commission, Wisconsin Department of Transportation, MC-1959,
Madison, August 1979

Receiving station to bottler

(1) Baseline--unconcentrated whole milk:
Cost/cwt. ($) = $.0943 + $.3289 (one-way distance in 100 miles)

Based on Lough, Harold W., Truck Transportation Costs of Bulk Milk, AGERS-33,
Econ. Res. Ser., U.S. Dept. of Agr., August 1977

(2) 3Butter - powder
Cost/cwt. ($) = $.0571 + .02255 (one-way distance in 100 miles)
Based on Hammond, J.W., Buxton, B.M., and C.W. Thraen, Potential Impacts

of Reconstituted Milk on Regional Prices, Utilization and Produc-
tion, Station Bulletin 529, University of Minnesota

(3) Butter - concentrated skim

Cost/cﬁt. ($) = $.0558 + .0878 (one-way distance in miles)
(4) Thermal-evaporated Qhole

Cost/cwt. ($) = $.0295 + .1028 (one-way distance in miles)

(5) Membrane reduction (options 4 and S)

Cost/cwt. ($) = $.0472 + .1644 (one-way distance in miles)







