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INTRODUCTION

1.1 Objectives

This study was initiated to determine (a) the amount and type of
energy used in the dairy industry, and (b) technical and economic limita-

tions to the utilization of geothermal energy in the dairy industry.

1.2 Scope of work

The following tasks were undertaken to achieve the stated objectives:

1. Prepare a map and legend showing locations, volume of
production, current energy sources and energy consumption
of dairy processing plants (> 500,000 # milk/week) in Idahb,
Oregon, Nevada, Utah, and California,

2. Identify dairy processing plants where geothermal energy
is currently being utilized. |

3. Assemble a complete bibliography and as far{as possible a
iibrary collection of publications dealing with energy usage
in the dairy industry.

4. Prepare material and energy flow diagrams for the processing
of each of the major dairy industry products. These flow
diagrams would specify mass or volume flow rates, resources
utilized per unit product, types of energy used in‘each
step, and relevant pressure or temperature levels at eaéh
step.

5. Identify specific areas where geothermal energy could or

could not be utilized for technical reasons.
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6.  Conduct a cost effectiveness skudy of geothermal energy
utilization in the dairy industry using économic models
based on bestbavailable information. “Factors such.-as pre-
sent and projected energy costs, transportation costs, and
capital investment would be taken into accounf.

7. Prepare a final report.

1.3 Procedure

Pertinent literature dealing with the dairy industry was identified and
reviewed. Representative dai;y processing plants were visited and energy
flows monitored where possible. A survey requesting production level
and energy use information was4prepared and mailed to over 400 dairy
processors. Detailed material and energy flow charts were prepared for
the following products:

Il. Fluid milk

2. Cheddar cheese

3. Cottage cheese
4. Sour cream
5. Cream cheese

6. Cultured milk

7. Dried whey powder
8. Butter
9. Dried milk

10. Instantized dry milk

11. Dried buttermilk
12. Evaporated milk
13. Ice cream

14. Processed cheese
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An economic analysis was made to determine the capital investment which
could be jﬁstified in replacing conventional energy sources with geo-

thermal

1.4 Explanatory comments

Dairy processing is extraordinarily compétitive,roften operating
on relatively thin margins of pfofit. ‘Company management tend to assume
a rather protective stance regarding production levels and techniques.
Production level-data, for individual plants, are collected by state
agencies with the understanding fhat the data would be released only in
aggregate forﬁ. Thus, while state-wide production levels of a given
dairy‘product such as cheddar cheese afe'readily available, it is much
more difficult to obtain froduction data for ihdividuai plants.

Another difficulty is in identifying Qctual energy requirements for
a given plant. Plant operators usually are able to monitor total plant
energy requirements and inputs to major pieces éf equipment but are not
prepared to determine the energy requirements for individual processes.
Surprisingly, very few reports on energy in dairy érocessing ha&e’been
reported in. the general literature. These factors combined_to necessi-
tate a rather lengthy detailed energy use analysis for each of the many
processes involved:in order to achieve the desired objectives of the study.

We sugéest that this study tepresents a pioneéring effort to estab-
lish a truly comprehensive analysis in this important area. The bulk of
the report, therefore, deals with Task 4 which is to provide a detailed

description of material and energy flows in each process. Procedures,
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temperatures, pressures, and energy cost data are identified only for
representative dairy products. A number of product varieties are lumped
into a single category to keep the study within realistic limits. For
example, three major types of aged cheese, i.e.,lcheddar, Italian, and
Swiss have similar production procedures although there is variation in
the cooking temepratures, aging time, and cheese yield. The net differ-
ence in energy requirements is small. Whole milk, lowfat milk, chocolate
milk, and half-and-half are subjected to approximately the eame process-
ing procedures and ere categorized in this report es fluid milk.

It should perhaps be noted thet there are significant variations
in specific processes. TFor example, electrical energy inputs te skim
milk are about 20% less than to whole milk because skim milk is not
homogenized. Similarly, the electrical requirements for yogurt exceed
that of cultured milk by about 20% for the same reason. Processed cheese
production procedures are similar‘to those of cheese food or cheese spread
but the cookiﬁg temperatures vary siightly\ Steam requirements er pro-
cess cheese appear to be 5 to 10% less than for cheese spread. With these
and other similar simplifications 511 the major dairy products manufac—
tured in the Intermwmountain area cen be classified into the fourteen pro-
duct groups mentioned in the procedures section.

Of the 400 questionnaires regarding production and energy use,
which were sent to dairy processors, only 36 Qere completed and returned.
The information returned, while not statistically sufficient, did provide
valuable information and a basis for comparison with the figures arrived

at by analysis. We believe the energy use numbers generated in the
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analysis section of the report tend to be conservative. Recognizingv
that there is wide variation in the efficiency of energy use from‘plant
to plant, such comparisons as were possible, generally indicated a some-
what greater eeergy use than the calculated value.

It aleo is observed that the units in this report are those
typical to the dairy industry. The metrication pfocess,rwhile underway
in the industry, is not moving rapidly. The familiar engineering units

are used in this report.
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Section 2

OVERVIEW OF RESULTS

2.1 Potential for energy savings

Two questions of major importance, which this study attempted to
aadress, are: (1) "How much energy is utilized by the dairy industry in
California, Oregon, Utah, Idaho, and Nevada?" and (2) "If a major effort
were devoted to utilize geothermal energy in the dairy industry of this
5-state area, would the resultant reduction in the use of fossil fuels
be significant?"

The data presented in'Section 3 indicate that approximately
7.1 x lO12 BTU/year are expended in dairy processing in the 5-state area.
This figure is expressed in fossil fuel equivélent and includes 637%
thermal heating; 17% refrigeration, and 20% other electrical.

If there were a 100% conversion of thermal heating and refrigeration
to geothermal energy, the potential for energy savings in the 5-state
study area would be equivalent to about 1 million barrels of o0il per
‘'year. Of course, the conversion to geothermal under even the most opti-
mistic scenario would be only a fraction‘of this amount.

Also, it is pointed out in Section 3.3 that processing energy rep-—
resents only about 4% of thé total societal energy inputs to fluid milk
and about 27.0% of the total societal energy inputs to cheddar cheese.
For fluid milk and cheddar cheese, the societal fossil fuel energy inputs
amount to about 5 times the digestable energy produced. This may be

compared to a product such as canned corn for which the ratio of energy

input to output is 14 to 20. Thus, in terms of simple energy inpnt/output




ratios the dairy industry appears to be in a relatively favorable posi-

tion as compared with many other segments of the processed food industry.

2.2 Technical limitations

The maximum temperatﬁre to which a product is heated in most dairy
processing operations is 205°F. The only exceptions are sterilizzation
of canned-evaporated milk at 245°F and spray drying where the temperature
of the air introduced into the drier ranges from 200°F to 500°F. Equip-
ment for the production of fluid milk, cheese and ice cream, generally
requires 10 psig (240°F) to 20 psig (260°F) steam. Very few, if any,
dairy proéessors operate their boilers at greater than 100 psig (338°F).
Most spray driers, asvpresently deéigned, can utilize air temperatures
less than 300°F.

Utilization of geothermal energy in the dairy industry faces the

same technological barrier as other process industries, namely, the

development of appropriate heat transfer equipment. The‘corrosive nature
of many geothermal waters requires a innovative approach to heat exchanger
design. Low temperature differences combined with secondary loop require-
ments for contamination protection, presentvchallenging design problems.
Figures 2-2a through 2-2f show typical cooling and heating loads.
The values were derived by applying the energy valued from Section 5 to
assumed operating schedules. The derived loads are felt to be conserva-
tive‘values. The heating loads are the steam and natural gas loads in
fossil fuel equivalent. The refrigeration load is given as the tons of
cooling needed. We egtimate that 37.5 tons of refrigefation may be pro-

vided by 106 BTU/hr of 300°F steam through an absorption refrigeration
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system. The geofhermal water flow rates needed for a given load were
calculated. Tt was assumed that 430°F geothermal water is brought to |
the surface underv350 psia pressure and then allowed to flash to 300°F

saturated steam. This is demonstrated in Figure 2-2g which shows the

flow rates reduired for each million BTU/hr of energy éxtracted from the

water. Greater efficiency in the use of‘geothermal water can be made by

using the lower temperature liquid water for heating purposes before

reinjecting it into the ground. If the water temperzture is reduced.to

150°F, an additional 106 BTU/hr isvprovided. However, a system produc-—

ing steam would fit into existing dairy plants without major modification

of the dalry plant equipment. ‘The results indicate a hot water flow of

15.7 GPM is néeded per million BTU/hr -of heating load if only the steam

at 300°F is utilized. For example, for a dried milk plant producing

about 9.6 million pounds of powder per year (a Very.typical production

size) we calculate a peak heating load of ZC million BIU/hr. Thié would

require a geothermal water flow rate of 314 GPM. (or 157 GPM if hot‘water

is utilized as explained above). The cooling and refrigeration require-

ments for that same plant would require an additional flow rate of

16 GPM.

2.3 Economic limitations

The economic analysis is described in detail in Section 4. Briefly,
the approach was to consider three scenerios. The first scenerio assumes
fuel costs remain near present levels. The second scenerio assumes fuel
costs increase at the rate of 5% per year (14 year doubling time) for

an assumed equipment life of 20 years while the third assumes an increase
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of 10% per year (7 years doubliﬁg time) over the 20 year period. The
justifiable investment was defined simply as the pfesent value of the
expected‘fuel costs during the 20 year life of the equipment with inter-
est on borrowed capitol of 10%. Figures 2-3a and 2-3b summarize the
resuits for a few selected products the second scenerio. By selecting
the dairy product and the annual‘production Figure 2-3a giveskan esti-
mated justifiéble investment for replacing conventional heating with
geothermal sources. Similarly,‘Figure 2-3b provides an éstimate_fpr
the justifiable investment for replacing‘conventional refrigeration
units with absorption system ssing geothermal water. The figures also
indicate the range of production levels for individual plants located
within the 5-state study area. It may be observed that whenever drying
operations are involved, as in dried milk or whey, that rather sizeable
investments are justified. For products such as process cheese the
justifiable investment level is not nearly so great.

Additional perspecéive may be obtained from Table 2-3a which gives
the fraction of the total product price represented by energy costs at
present fuel prices.

The data presented here causes us to conclude that the conversion
of dairy processing plants to geothermal enefgy sources will be econoﬁi—
Lcally feasible only for a relatively few products. With such a small
fraction of the total product cost attributable to process energy the
requisite incentive for seeking energy from geothermal sources may be

a total nonavailabillity of conventional alternatives.
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Table 2-3a. Comparison of energy costs to wholesale prices (dollars).
e
Approximate Total Energy | Steam Cost | Total Energy
Wholesale Price| Steam Cost Cost Wholesale Costs
»Prqduct per unit per unit per unit Price Wholesale Price

Fluid Milk 1.00/gal .0017 .0052 . 0017 ©.0052
Cheddar Cheese 1.50/1b .0031 .0070 .0021 .0050
Whey Powder .06/1b .0074 L0137 .123 .228
Cottage Cheese .40/1b .00115 .00227 . 0029 .0057
Sour Cream .80/1b .00036 .00110 . 0005 .0014
Cultured Milk 1.20/gal .00072 .00158 . 0006 .0013
Cream Cheese 1.00/1b .0015 .0023 .0015 .0023
Dried Milk .60/1b .0083 .0106 .0138 .0177
Instantized Milk .90/1b .00087 .0013 . 0010 . 0041
Butter - 1.00/1b .06082 .00168 . 0008 L0017
Ice Cream 1.80/gal .0043 .0205 .0024 L0114
Evaporated Milk .35/1b -00112 .00170 .0032 . 0049
Processed Cheese 1.40/1b . 00039 .00118 . 0003 . 0008
Dried Buttermilk .60/1b .0083 .0109 .0138 - 0182
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2.4 Conclusions and recommendatipns
This stﬁdy has led to tﬁe following conclusions:
1. Energy consumption by the dairy processing industry in the
' 5-state area is essentially insignificant on a national
scale. A poteﬁtial annual energy savings of 1 million
barrels of oil energy equivalent represents only about
1/6000th of the total oil consu&ption in the United States.
2.  Whey drying in the study area Consumeévthe equivalent of
about-l;7 billion cubic ft of natural gas per year. This
amqunt of gas would provide heat for approximately 11000
homes in a climate such as northern Utah.
3. The greatest potential for using geothermal energy in dairy
brocessing~lies in the energy intensive drying operations.
It should be noted, however, that alternative processes such
as ultrafiltration and reverse oémoéis techniqués for ob~-
faining whey solids are rapidly being developed énd imple-
mented., Such-progesses may render geothermal drying économ—
ically noncompetitive.
4. The potential for geothermal energy substitution in processes
other tﬁan drying éppears substantially less attractive.
The economic incentive is missing from products such as
milk, cheese, butter, and ice cream.where processing energy
costs represent less than 17 of the wholesale price.
5. A strong incentive for utilizing geothermal energy in dairy
processing may be provided if no viable alternatives are

developed. Most drying operations utilize natural gas on
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an interruptible service basis. If natural gas and natural
gas liquids become unavailable, considerable equipment
modification will be necessary to adapt to alternate fuels

such as coal.

Recommendations resulting from this preliminary study are:

1.

Technical and economic feasibility of utilizing geothermal
energy in dairy processing be evaluated further particularly
where drying operations are involved.

Specific geothermal sites be evaluated for temperature, water
quality and quantity and proximity to éxisting dairy plants.
Cooperation of plant management Be secured in preparing and
evaluating a specific design for heat exchange equipment to
reﬁlace or supplement conventional fossil fuel fired plant
operations.,

If the design evaluation results are faborable, negotiate

with plant management regarding a demonstration project.




Section 3

ENERGY USE IN THE'DAIRY INDUSTRY

3.1 Plant location and production levels

There are more than 500 dairy processors. located in the 5-state area
of California, Utah, Idaho, Oregon, andANevada. Pro&uction levels are
not easily determined for individual plénts, however, we have categorized
them aé.haﬁdling less thanvSO0,000 1bs of milk per wéek; between 500,000
lbs and 1,000;000 lbs-of milk per week; and more thaé.l,OO0,000 1bs of milk
per'week aé shown in Section 8. Because processed cheese and ice cream
plants do not necessarily handle raw ﬁilk, care must be taken in inter-
pretation. Also shown in Table 3-la are state production totals for the
states in question. Figure 3-la indicates the location of larger dairy
plants in those states while Figurelé—lb gives the locations of warm
springs in the west. The proximity of the surface manifestations of
geothermal energy to the present locations of dairy plants is rather

striking on this scale map.

3.2 Energy inputs

It was not possible to directly determine thé energy inputs to
dairy processing in California, Utah, Idaho, Oregon, and Nevada. We,
therefore, determined the total production levels of various dairy pro-
ducts for each state as indicatea previousiy. We then multiplied those

production levels by the appropriate energy use factor as calculated in

" Section 6 of this report. We believe that the results as shown in Tables

3-2a, b, ¢, d, e, and f present a reasonably accurate picture.
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A Table 3- 1a Production of manufactured dairy products, California, Idaho,
Nevada, Oregon, and Utah - 1975%,

Product Unit | California| Idaho | Nevada| 'Oregon{ Utah | Total
—————————————————— -Million=————m=————— e m e
Butter 1bs 136 13 12 71 168
Cheese 1bs 93 75 | 23 58 | 249
Cottage Cheese lbs . 145 5 15 9 172
Evaporated and Con- A
densed Milk 1bs 256 o 256
Dried Products 1bs o159 18 21 198
Frozen Products gals 126 51 12 10 | - 153

All Mfg. Products:

Whole Milk Equivalent 1bs 5,180 1,073 25 613 768 17,659

Skim Milk Equivalent 1bs 2,681 2281 5 153 60 {3,127

¥ . ’
Data are not included when less than three plants reported, or when individual

plant operations might be disclosed.
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LEGEND
Average weekly use of
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Figure 3-la. Location of dairy plants handling more ttan 500,000 lbs of
milk per weck in a five-state area.
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Table 3-2a. Energy inputs to dairy processing in California.

Other

Annual Heating Refrigeration Electrical

oroduct PreOeCToy 107 mrut 10” sru+  10° BIU
Butter 136 100 v36 12
Cheese | 93 260 42 110
Cottage Cheese 145 150 .28 39
 Evap. and Cond. Milk 256 260 28 34
Dried Products® - 159 1400 61 120
Frozen Products¥*®* | 126 - 490 370 460
Fluid Milk Products*%% 2992 800 R 370 260
TOTAL 3460 935 1035

« :
Dried products includes dried milk, instantized dried milk, and dried

whey.
Xk L, . . .
Frozen products includes ice cream, sherbet, ice milk, and novelties.

ks
Fluid milk products includes whole, lowfat, and skim milk, cultured milk,

gsour cream, and yogurt. »
TEnergy is expressed-in.fossil fuel equivalent.
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Table 3-2b. Energy inputs to dairy processing in Idaho.

Other
" Annual Heating Refrigeration Electrical
Product : Production 109 BTU+ 109 BTUT 109 BTUF
(106 1bs)
Butter 13 10 3 | 1
Cheese ’ 75 210 . 34 86
Cottage Cheese 5 5 1 . 1
Evap. and Cond. Milk ——— —— 4 ——— —
Dried Products#* 18 160 7 13
Frozen Productg¥¥ 5 19 15 18
Fluid Milk Products*%* 234 63 29 20
TOTAL 467 89 139

% ,
* Dried products includes dried milk, instantized dried milk, and dried

whey.
ek , ) . ,
Frozen products includes ice cream, sherbet, ice milk and novelties,

*hk
Fluid milk products includes whole, lowfat, and skim milk, cultured milk,

sour cream, and yogurt.

~‘NEnergy is expressed in fossil fuel equivalent.
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Table 3-2c. Energy inputs to dairy processing in Nevada. -

Other

Annual = Heating Refrigeration Electrical
| Product 12;8‘61”;581‘)’“ 107 BIUt lOg‘BTUT‘ - 107 BIUt
Butter . — - — —
Cheese ——— —— — ——
Cottage Cheese — ——— —— ——
Evap. and Cond. Milk _— ' _— — _—
Dried Products¥® — —_— —_— —
Frozen‘Products** —— —— — —_—
Fluid Milk Productsis 137 37 17 12
TOTAL ‘ 37 17 12.

* '
Dried Products includes dried milk, instantized dried milk, and dried

whey.
** r » . (] .
Frozen products includes ice cream, sherbet, ice milk, and novelties.

ek .
‘ Fluid milk products includes whole, lowfat, and skim milk, cultured milk,

sour cream, and yogurt,

+Energy is expressed in fossil fuel equivalent.
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Table 3-2d. Energy inputs to dairy processing in Oregon.

: Other
Annual Heating - Refrigeration Electrical
Product A iigg“igi?“ 10° BIUt 10° BrUt 10° Brut
Butter 12 9 | 3 1
Cheese ‘ 23 . 64 10 | 26
Cottage Cﬁeese 15 16 : 3 4
Evap. and Cond. Milk‘ —— : - —— ———
Dried Products* —— -— ——— ——
Frozen Products®* , 12 46 35 b4
Fluid Milk Products®#* | 224 60 28 19

TOTAL 195 79 94

*
Dried products includes diried milk, instantized dried milk, and dried

whey.,

*% ' : ‘
Frozen products include ice cream, sherbet, ice milk, and novelties.

kkk
Fluid milk products includes whole, lowfat, and skim milk, cultured mllk

sour cream, and yogurt.

JrBnergy is expressed in fossil fuel equivalent.




Table 3-2e. Energy inputs to dairy processing in Utah,
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Other
Annual Heating Refrigeration Electrical
Product | P(’ig%"igi‘)’“ 107 BrUt 10° BIUT 107 BTUt
Butter 7 5 2 1
Cgeese : 58 -160 26 67
~ Cottage Cheese l 9 9 2 2
Evap. and Cond. Milk ——— ———— —— ——
Dried Productst \ 21 180 8 15
Frozen Productsi 10 39 29 37
Fluid Milk Products®#¥* 91 24 11 8
TOTAL 417 78 130‘

”IC

whey.
EEN

%ok

sour cream, and yogurt.

TEnergy is expressed in fossil fuel equivalent.

'Dried.products includes dried milk, instantized dried milk, and dried

Frozen products include ice cream, sherbet, ice milk, and novelties.

Fluid milk products includes whole, lowfat, and skim milk, cultured milk
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Table 3-2f. The total energy inputs to dairy processing in California, Idaho,
Nevada, Oregon, and Utah combined.

Other

Annual . Heating Refrigeration Electrical

Product Goe e 10” mrut 107 BTU+ 107 prUt
Butter - 168 120 44 ‘ 15
Cheese 29 690 110 290
Cottage Cheese 172 180 - 34 Aé
Evap. and Cond. Milk 256 2é0 28 34
Dried Products¥ 198 1700 76 140
Frozen Products®* 153 590 450 560
Fluid Milk Products##%% 3673 990 450 320
TOTAL 4530 1192 11407

* . ,
Dried products includes dried milk, instantized dried milk, and dried

whey.
*%
Frozen products includes ice cream, sherget, ice milk, and novelties.

&k
Fluid milk products includes whole, lowfat, and skim milk, cultured milk,

sour cream, and yogurt.

Tinergy is expressed in fossil fuel equivalent.




3-11-

The total of 7.1 trillion BIU which we estimate is expanded annual-
ly in dairy processing plants of Utah, Idaho, California, Oregon, and
Nevada compares with 140 trillion BTU devoted to dairy processing natiqn—
wide as reported by the Census of Manufactures. The raw milk production
level.from these 5 states is 127 of the total raw milk production in the
naﬁiono This comparison provides additional evidence that while our
energy use numbers are reasonable they tend to be conservative. The basic
conclusions of the report, however, would not Be changed by a'doubling of
the calculated energy requirements.

3.3 Relationship of processing energy to
"other energy inputs

It is of interest to examine not only the energy inputs'to pro-
cessing of dairy prOducts’but also the inputs to production, transporta-
tion packaging, distribution, and consumption. These varioué inputs are
summarized for fluid milk and cheddar cheese in Tables 3-3a through 3-3h
and Figures 3-3a and 3-3b.

According to the results of this study, energy inputs to process-
ing comprise only about 5% of the total societal energ? inputs required
to bring fluid milk to the consumer's table. Thié strongly suggests
that other sectors of the dairy industry need to be closely examined
for possible ways of reducing fossil energy inputs.v The purpose of the
information included in the following figures and tables is to help place
in perspective the processing energy requirements and the potential for

energy savings by geothermal substitution.
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Table 3-3a Energy Inputs to Inplant Processing of Fluid Milk
‘ (BTU of Fossil Fuel Equivalent per 1b of Milk)

BTU

1b

Cooling 73
.Homogenization‘ 33
Pasteurization v : 26
Cleanihg 82

Lighting'and Hea#ing ' 137
Total | 351

Table- 3-3b Use of Energy in the Manufacture of Paper Milk Cartoﬁs
(BTU of fossil fuel Equivalent per Ib of milk produced)

BTU

1b

Acquisition of Raw Material 79
Manufacture of Paper ' - 533
Transportation to Manufacturer 11
Manufacture of Container . 25
Handles for the Container 52
Transportation toiMilk Pfocessor : 11
Traunsportation to Home 9
Collection : 5
Disposal : 5

Total 730
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‘Table 3-3c Use of Energy in the Manufacture of Plastic Pouch Containers
for Milk (BTU of fossil fuel equivalent per 1b of milk produced)

BTU
1b
~ Acquisition of Raw Materials ‘ . 227.5
Trgnsbortation to Manufacturer ' ' 4,0
Ménufacture of Containers -23.4
Transportation to Milk Processof ' . 2.0
Transportation to Home - ' 1.3
Collection o . . 0.4
Disgposal | ‘ : 0.7
Total | ‘ 259.3

Table 3-~3d Use of Energy in the Manufacture of a Returnable Glass Milk
‘ Bottle (BTU of fossil fuel equivalent per 1b of milk produced)

BIU
1b

Acquisition of Raw Maéerial 14.0
Sﬁipping Raw Material 1.8
Manufacture of Glass | ) . 109.1
Transportation to MilkiProcéssor ' 1.3
Bottle Washing o : | 37.8
Collection and disposal - _ o : 3.8

Total ~ 167.8
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Table 3-3e Use of Energy in the Manufacture of Plastic Milk Bottles
(BTU of fossil fuel equivalent per 1b of milk produced)

BTU
1b

Acquisition of Raw Material 1087
Transpoftation to Manufacturer . 20
Manufacture of Bottle ’ 45
Tranéportation to Milk Processor — 9
Transportétion to Home . _ 7
Manufacture of Closure 99"
Transportation to Milk Processor | 2
Collection 9
Disposal ___ﬁ-
Total 1282

Table 3-3f Summary of total énergy inputs into production of fluid milk

2 7
Farm production 2340 35
Transport farm to plént 324 5
Processiﬁg‘ A 351 5
Packaging (paper) 730 11
Distribution | 2969 _44

Total 6714 100
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Table 3-3g Summary of Energy inpﬁts to Cheddar Cheese
BIU
1b Cheese %

Farm 23,400 | _ 59.7
Transéqrt raw milk : ‘A 3,240 Ak | 8.3,
Processing with_whey drying 10,563 26.9
Distribution ' , . 2,000 ._;_Qil "

Total 39,203 . 100.0

Table 3-3h ,Rétios of Total Societal Energy Inputs to Digestable Food -
Energy Produced for Fluid Milk and Cheddar Cheese

Fluid Milk Cheddar Cheese
Total Energy Input expressed in
BTU of fossil fuel equivalent per »
1b of product.’ 6714 39,203
Digestable Food Energy of product ‘
expressed in BTU per 1b 1170 7,164

Ratio of input energy to
output energy 5.7 ' 5.5
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3.4 Dairy processors currently using
geothermal energy ‘

We carefully checked with many of our extensive contacts through |
the dairy industry and were able to identify only one processor currently
utilizing geothermal engrgy; Medo-Bell Dairy in Klamath Falls, Oregon,

is that processor.




g
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Section 4

ECONOMIC MODEL

The purpose of the economic part of this study was to ascertain the
feasibility of converting an operational plant to a‘geothermalidependent

system on the basis of present fuel expenditures for steam production.

4.) Model 1

The first model implemented was based on the assumption that there’

would be no appreciable increase in cost of fuel over the next twenty years

- or that due to technological changes the annual cost per 105 units produced

would remain relatively constant. The justifiable investment to be ammor-

tized over a period of N years at an interest rate of i percent is given

by the equation,

C x PVa = 1V,

where
C.= present cost per 105 units produced
PVa = present value of $1.00 paid annually for
N years at i percent interest, or
1- -——¥L—fﬁ
(L +4) "
i
i = interest or borrowed capital
IV = justifiable investment

The probability that costs will remain constant is very small and
unrealistic. Therefore, a second model that accounts for an annual per-

cent increase in the cost of fuel was devised.
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4.2 Model 2

.This model is based on the assumption, that fuel costs will increase at
either five or ten percent per year for the next twenty years.

- The justifiable investment is given by the equation,

N
Yy C x PV =1V
n n
n=1
where
Cn = C = initial or present cost per lO5 units produced
' over a period of N years with C, = C,_7 +
[Ch-1 x I} when n > 1, with I = annual increase
in fuel costs. ’
. l = l n
PV (% + 1)
n i
where

i = the interest rate on borrowed capital
n = the year in question

IV = justifiable investment

The assumption that fuel costs increase annually at 5% or 107% increases
the justifiable investment obtained using model one approximately 1.5 and 2
times respectiveiy.

Tables 4a and 4b are the summation of the results of the application
-of both models per dairy product. Each product is identified and each unit
of measure specified in the adjacent column. A cost column identifies the
present cost per lO5 unit produced. Adjacent to the cost column are the
justifiable investments based on assumptioné of constant fuel costs, 5%/yr
increase and 10%/yr increase in fuel costs. Table 4a deals with the conver-

sion of the heating system to geothermal energy while Table 4b addresses the




conversion of the refrigeration. = Interest on borrowed capital was

assumed to be 10% per annuumi,
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Table 4-a. Justifiable investments per product in conversion to geothermal steam heating /
system. E
Units "Typical Annual cost per Investment/lO5 Investment/lO5 Investment/lO5
Product of production 1OS anits units/yr. ?nits/yr. u?its/yr.
range produced present 5%/yr fuel 10%/yr fuel
Measure (105 units) fuel cost cost rise cost rise.
fluid milk gal 3.0 - 276.0 170.00 1450.00 2060.00 3090.00
cheddar cheese
: 1b 3.0 - 250.0 310.00 2640.00 3750.00 5635.00
w/o whey drying
whey powder ib 15.0 ~ 150 1070.00 9110.00 12960.00 19450.00
_cotrage cheese 1b 8.0 - 21.0 120.00 1030.00 1450.00 2180.00
w/o whey drying v
sour crzan 1b 2.0~ 25.0 36.00 310.00 440.00 655.00
cultured milk qt 0.2 - 36.0 72.00 630.00 870.00 1310.00
cream cheese 1b 0.3 - 10.0 150.00 1280.00 1820.00 2725.00
w/o vhey drying :
dried milk 1b 75.0 - 180.0 830.00 7070.00 10050.00 15100.00
instantized milk 1b 12.0 - 60.0 87.00 740.00 - 1050.00 1580.00
butter 1b 0.7 - 55.0 82.00 700.00 :990.00 - 1490.00
ice cream gal 0.1 - 120.0 430.00 3660.00 5210.00 7820.00
evaporated milk 1b 20.0 - 1100.0 112.00 950.00 1360.00 2040.00
processed cheese ib 100.0 - 6000.0 39.00 330.00 470.00 710.00
dried buttermilk 1b 0.6 - 6.0 830.00 7070.00 10050.00 15100.00

by



e

Table 4-b.

Justifiable investments per product in utilization of geothermal steam in an

absorption refrigeration system.

Units Typical Annual - cost per Invest:ment/lo5 Irnn:»,scme_nt/lo5 Invest:mem:-/lo5
production 5 . units/yr. units/yr. units/yr.
Product of range 10" units present 5%/yr fuel 10%/yr fuel
produced - . . .
Measure 5 R ) fuel cost cost rise cost rise
(107 units) .
fluid nilk gal 3.0 - 276.0 150.00 1280.00 1820.00" 2730.00
- -
cheddar cheese 1b 3.0 - 250.0 110.00 940:00 1330.00 2000.00
w/o whey drying . : :
whey powder ib 15.0 - 150.0 150.00 1280.00 1820.00 2730.00
cottage cheese 1b 8.0 - 21.0 47.00 400.00 570.00 850.00
w/o whey drying .
sour cream 1b 2.0 - 25.0 48.00 416.00 580.00 870.00
cultured milk qt 0.2 - 36.0 52.00 440.00 630.00 950.00
cream cheese 1b 0.3 - 10.0 30.00 680.00 970.00 1450.00
w/o whey drying
dried milk 1b 75.0 -~ 180.0 30.00 260.00 360.00 550.06
instantized milk 1b 12.0 - 60.0 10.00 90.00 120.00 180.00°
butter 1b 0.7 - 55.0’ 64.00 540.00 780.00 . 1160.00
ice creanm gal 0.1 - 120.0 720.00 6130.00 8720.(‘)0, 131'00.00>
evaporated milk 1b 20.0 - 1100.0 26.00 220.00 315.00 470.00
processed cheese 1b 100.0 - 6000.0 26.00 ~220.00 315.00 470.00
dried buttermilk 1b 0.6 - 6.0 430.00 610.00 910.00

50.00

G-%
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Section 5

PRODUCTS SECTION

The purpose of'thié section is to describevthe procgss.procedures and
producfion energy requirements of fourteen different dairy products;

A brocess description, flow chart, and tables qf energy inputs to‘the
production of each product are contained in a sub—seétion for each of thé
different dairy products. A maximum temperature aqd percent energy consump-
tion Sar graph follows each sub-section's energy input tables. Some of the
products, such as butfer and ice éream, also have a plant layout description
inserted in their respective sub-sections. From these plant léyout deécrip—
tions squafe feet of floor space in a typical plant was estimated.

A comﬁarison of the energy requirements of some proaucts tabled in

this section versus the average survey values for these products concludes

this section.
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Section 5-1

FLUID MILK PRODUCTION

Description

Raw milk is received intefmittantly throughout the day. Upon receipt,
milk is cooled as it is pumped to the cold storage tank by a plate heat
exchanger to keep the milk temperature at or below 40°F, The milk is tested
while in the storage tank to determine its fat content.

Milk is pumped from the raw storage tank énd through'a clarifier. The
clarifier's purvose isito remove extraneous material..‘A portion of the milk
enters the separator before going td the rav standardizing tanks while the
remainder of the milk is fed directl& to the standardizinz tanks. Jnough
skim milk is separated so that its combinations with whole milk in the
standardizing tanks gives low fat milk at 2.0% butterfat and the whole milk

v

at about 3.5% butterfat. Fxcess cream from the separator is used in other
products or sold to other processing plants.

Trom the raw standardizing tanks the milk is pumped to a balance tank and
then through the high temperature short time pasteurizer. In the regeneration
section of the pasteurizer the milk is heated from about 38°F to 138°F. The
heating media in the regeneratorlis previously heated milk. A timing pump
controls the flow rate in the system. After leaving the pasteurizer the
milk flows through the homogenizer whose purpose is to stabilize the cream
in the milk. This is accomplished by compressing the milk to 2000-3000 psig
and expanding it throuph a small orifice. Expénsion in the orifice hreaks
up the fat globules and produces a 5°F temperature rise in the milk. The
milk returns to the pasteurizer to flow through the heating section where

the temperature is increased from 143°F to 165°F.
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Milk, at tﬁe desired pasteurizing:temperature. travels through a pipe
of sufficient length to give it at least a 15 second holding time.‘ It then
enters the fiow diversion valve which directs the flow of milk according
to tgmperature. If the milk is below the desirgd minimum, (161°F_is the
legal minimum) it is diverted back to the balaﬁce taﬁk to be fecirculated
through tﬁe system. if the temperature is aBove the 4esired minimum, the
flow is directed baék to the regenerator. In the regenerator the milk loses

- heat to incoming cold milk, thus reducihg’its temperature from 165°F to 66°F,
“The milk then eﬁtgrs the cooling section of the pasteurizer where itsg
temperature is lo@ered from 66°F to 38°T.

The cooled a;d pasteurized milk is stored in a tank to awgit packaging.
The milk is fed into.fillers wﬁich package the milk iﬁto paper, glass, or

plastic containers. The containers 'are sealed and placed in the cold storage

room until shipment.
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Energy inputs into fluid milk‘processing

" The energy inputs for fluid milk processing will be based on a plant
pfoéessingleS,OOO gallons of milk per week%l The plant will operate 5 days
a:week, procéssing an average of 21,000 gallons per day. Other assumptions
made about the plant are:

1. Only fluid milk products will be produced i.e; wholé milk, lowfat,
skim milk, and chocolate milk.
2. Lqual energy inputs are required to produce each of ﬁhe above
products.
3. Only one-third of the milk éntering the plant Qili be separated.
4, The total air circulation rate.for the entire plaﬁt\is 35,000 CTM.
"~ 5, ’The'élimate of the plant's geographic locale.is Similar to the
Salt Lake City, Ufah area.
6. The fo}lowing CIP cleaning cyclésfére needed each processing day
‘ ; - HIST pasteurizer (Acid wgsh)
11 - Tanks and milk pipe liées ‘ | ' ‘
7 - Tanker trucks
19 cyclés/day

7. The followiné batches of items must be cleaned manually each day.

1 - all fillinpg machines pérts
1 - separator and clarifier
1 - automatic valves and positive displacement pumps

3 batches/day

8 Only 257 of the total product is packaped in returnable plass hottles.

D
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9. TFour - 1/2 horsepower fans circulate air in the cold storage room.

10. The sizes of the rooms in the plant are:

Toom Floor space (ft.z) Volume (ft.3)
Processing rooms . L 5349 , 74,886
Dry storage rooms 5931 83,034
Offices, lunch, locker and restrooms 6860 » 68,600
Cold storage room | 3200 32,000
Boiler and refrigeration rooms 2440 ' 34,160
Tanker receiving and garage 3409 47,726
Hallways ‘ 404 , 4,040

TOTALS 27,593 344,446

f

The following tables represent estimates of moét of the energy requirements
for processing £luid milk. The estimating procedure for each energy requirement
isbfound in the Fnergy Calculation Section under the Energy Calculation Number
given with each energy cost. A layout of the plant showing dimensions and
components is located after the énergy use tables.

A.W. Farrall estimates 20 lbs. of steam are required per 100 lbs. of milk

which translates to about 1700 BTU per gallon.8




Table 5-1a. Typical-élettrical‘energy use per gallon of fluid milk.

Process - " Calculation  Energy Use 7%
: Number (BTU/gal.)

Pumping Milk 1.01 4{3 : 1.5
Clarification 2,01 8.6 S 3.1
Separation 3,01 2.9 i.O
Homogenization. 4,01 L 96.0 34.5
CIP pumps 5.01 10.8 | 3.9
Air Compressor 8.01 3.5 1.3
Cold‘Storage Room Fans g.01 5.4 1.9
' Heating and Air Conditioning Fans 10.01 44.7 £ 16.1
BoilerAFan 11.01 23.1 8.3
Cooling Tower Fans 12.01 7.8 2.8
Lights and Misc. Motors 13.01 71.2 25.6
Totél _ 278.2> 100.0

Table 5-1b. Typical steam energy use per gallon of fluid milk.
Process Calculation Fnergy Use %

Number (BTU/gal.)
Cieaning - CIP 15.01 561 44,6
Cleaning - Manual 16.01 27 2.2
Heating the Plant 18.01 229 18.2
Product Heating - 19.01 189 15.0
Steam Line Losses 20.01 189 15.0
Bottle washing 21.01 62 4.9
Total 1257 100.0




Table 5-lc.
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Uses of refrigeration energy per gallon of fluid milk.

Cooling

Uses of Calculation Required %
Refrigeration Number (BTU/gal) Total
Cold Storage Room 22.01 143 26.3
Air Conditioning 23.01 41 7.5
Product Cooling 24.01 293 53.8
Cooling Line Losses 25.01 67 12.4

|
Total 544 100.0

With a coefficient of performance of 2.86 for the refigeration system

as defined in Energy Calculation No. 28.02, the electrical energy needed to

deliver the above cooling load is:

= 190

_BTU
(544 gal milk)
(2.86)

BTU

Table 5~1d. Total energy cost per gallon of fluid milk.

gal milk

*

Fossil Fuel

Energy Used Unit Price Cost Equivalent®

__BTU _ s $ BTU
Type of Energy gal milk 106 BTU gal milk gal milk
Electrical

1. Lights and Motors 278 7.32 0.0020 834
2. Refrigeration 209 7.32 0.0015 627
Steam 1257 1.33 0.0017 1508
Total 0.0052 2969

%
Unit prices and fossil fuel equivalent factors are derived in Energy Calcula-

tions Nos. 28.01-28.06.
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. Section 5-2

CHEDDAR CHEESE PRODUCTION -

Description:

Cheddar cheese production starts with the delivery of raw milk. As
the milk is received it is pumped ﬁo a weigh tank and then to the raw
- storage tank via a plate cooler. The milk must be maintained at or below
"40°F during the storage stage. This may be accomplisﬁed via a plate exchanger
or by refrigeration of the storage tank.

‘The milk is clarified on its way to the balance tank of the HTST
pasteurizer. The milk enters the pasteurizer at 38°F, and leaves the regeneration
section of thé pasteurizer at 110°F, having beep warmed by preQiously pastéuriéed
milk. Tt then flows through the timing pump to the heating section and-:
holding tubes of the pasteurizer. If the temperature of the milk is below
the desired ﬁinimum‘pasteurizing temperature when if reaches the flow.diversion
valve, it is diverted back to the balance tank. If the'tempefaﬁure is above

the desired minimum (161.°F is the legal minimum), the milk returns back to the
regeﬁerator to be cooled to approximately 90°F. The milk next enters the
cooling section of the pasteurizer where its temperatufe is lowered to 88°F
Vthrough the uée of culinary water as a heat sink.

Once the milk has been pasteurized it is puﬁped to a cheese vat where
colovr and starter are mixed with the incoming milk., Starter, a bacterial
culture, makes up 1% to 2% of the total mass of the mixture. Three.buncos of
rennet, a milk coapgulating cenzyme, diluted with a half gallon of chlorinated
water is added for every 1000 pounds of milk in the vat. Tﬂe rennet and

starter are mixed uniformly throughout the vat by a paddle agitator which
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operates for 2-3 minutes, after which the paddles are immediately removed
and the wilk is allowed to coapulate.

About 20 to 25 minutes after adding the rennet, the curd is cut into
1/4 inch cubes using curd knivés consisting of piano wire stretched across
a rectangular frame. About 20 minutes after cutting the eurd, the paddleé
are replaced in the agitator to stir the curd and help with the expulsion
of whey. Steam is admitted to the jacketed vat and the temperature of the
curd‘is slowly raised from 88°F to 102°F at a rate of 2°T per 5 minutes.

About one hour after cutting the curd, an acidity test is run on the
whey. If the acidity has reached 0.13 to 0.15 per cent (expressed as lactic
acid), then half of the whey is withdrawn f}om the curd. The curd is again
agitated for 5 minutes and the remaining whey is allowed to drain. Dufing
the draining of the whey, the curd is pushed to the sides of the vat to form
a narrow trench down the center.

The cheddaring process begins after the curd is matted together forming
long slabs of cheese. The curd islcut manually into slabs about 18 inches
long and 2 inches wide. The slabs are flipped over several times and then
stacked on each other to help with further expulsion of Qhey. The cheddaring

process is continued until the whey from the cheese reaches 0.50 to 0.60

&

percent acidity.

The curd blocks are fed into a curd mill which slices them. Salt is
added at the rate of 4 pounds per 1000 pounds of milk processed. The curd
is mixed to evenly dissolve the salt and is dumped into hoops lined with

cloth or paper bandages. The filled hoops are transferred

to the curd press and pressurized to force the whey from the cheese.
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The pressure is released after 30 minutes to allow "dressing' or pulling the
bandages tight around the cheese. Then the pressure is reapplied and left

overnight.

The following mornihg, the hoops are removed and the.cheese is placed

- in the drying room for 48 hours.

After the drying process is. completed thé cheese is either dipped. in
paraffin or sealed in a paraffin coated paper wrapper vig a heated press
and packed in cardboard boxes whiéh are moved to a 40°F cold storage fdom
for curing.

Thé length of thé curing period is dependent upon the type of cheese
desired. ﬁild cheddar fla&or’requires 2 to 3 months storage. Six months_
in a 50°F storage room is required for sharp flavor.

Starter making can be a lcngthyvorocedure and will not be described
completely herc. 'HoweVer, from an energy standpoint, the making of bulk
étarter.is of interest. The bulk starter is made from special dried starter
media: The media is mixed‘with water and heated from 70°F to 190°F destroying
most ofvthe microorganisms in it, and then cooled back to 70°F. The media
is innoculatedeith a mother culture and incubated for 12 hours. It is

then cooled to 40°TF to await addition to the cheese milk.
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Figure 5-?2a. Flow chart showing cheddar chicese production.
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Energy Inputs Into Cheddar Cheese Production

The energy inputs for cheddar cheese production will be based on a plant

' 12 ‘ :
processing 800,000 pounds of milk per weak. The plant will operate 6 days a

week making 80,000 pounds of cheese each week. The following assumptions will

be made about the plant.

l.

The processing ehgrgy requirements will not include ahy whey
concentrating or drying. However, the tqtal energy use will show
two options, one with whéy being ignored aﬁd the other with whey
being dried. The individual enefgy requirements for drying whey
are shown in the Dried Whey Seétion..
Ten pounds of milk will yield qﬁe pound of chéese.
There is 0.56 pounds of whey powder produced per pounq of chéese.
Provisioﬁ will be made to store the cheese 60 days before shipment.
Only cheddar cheese will be produced in this plant; ‘
The total air circulation rate for the enfire plant is 86,500 CIM.
The climate of the plant location will be similar to‘that of the
Salt Lake City, Utah area. |
The following CIP cleaning cycles are needed each day

1 - HTST Pasteurizer (Acid Wash) A

7 - Tanker trucks |

5~ MHlk tanks and pipeline systems

13 cycles/day
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9. The following batches of items must be cleaned manually each day
1 - clarifier and whey separator
1 - curd knives, stirrers, strainers, etc.
3 ~ soiled cheese hooﬁs
1 - positive displacement pumps and automatic valves
__ 7 - cheese vats
13 bafches/day
10, TFight - 1 horsepower fans circulate air in the cold storage room.

11. The sizes of the rooms in the plant are:

Roon Floor space (ft.z). Volume (ﬂt.B)
‘Processing rooms ' 15,354 245,664
Offices, lunch, locker, and restrooms 4,972 49,720
Dry storage and drying room 3,230 51.680
Starfer rooms ‘ 1,159 18,544
Cold Storage room © 9,440 160,480
Receiving shelter | - 1,600 25,600
Noiler and refrigeration rooms 3,255 52,080
Hallways 4,145 66,320
TOTALS 43,155 670,088
The following tables represent estimates of most of the energy requirements
for producing cheddar cheese. The estimating procedure for each energy
requirement is found in the Encrgy Calculation Section under the Fnerpy Calculation

Number given with each enerpgy cost. A typical cheddar cheese plant layout

is found after the enerpy use tables.




Table 5-2a. Typical'electrical énergy use per poundfof cheddar cheese.

Process - Calculation Energy Use ‘ L
- Number (BTU/1b)

Pumping Milk | . .02 5.0 1.3

Clérificationv ' 2.02 ©10.0 . 2.6

Whey Separation 1 - 3.02 9.0 A‘2.3

CIP Pumps 5.02 .16 3.0
Adr Compressors | 8.02 4.6 1.2

Cold Room Fans o 9.02 ' 28.5 7.4

Heating and Air Cond. Fans 10.02 - 144.9 o 37.8

BoiLer Fan . | 11.02 30.4 | 7.9

Cooling Tower Fans _ : | 12.02 ' 5.6 1.5

Lights and Misc. Motors 13.02 133.5 34.8

Total 383.1 | 100.0

Table 5-2b. Typical steam energy use per pound of cheddar cheese.

Process Calculation Energy Use g

. Number (BTU/1b)
Cleaning~; CIp ' 15.02 611 26.3
Cleaning - Manual } | 16.02 187 8.1
Heating the Plant 18.02 495 ' 21.3
Product Heating 19.02 684 4 29.5
Steam Line Losses | 20.02 342 - 14.7

. Total 2319 , 100.0.




Table 5-2c. Uses of refrigeration per pound of cheddar cheese. 5-18

Process - ~ Calculation ;ZZiigg 7%
Number . (BTU/1b)
Cold Storage Room | 22.02 301 - 70.3
Air Conditioning N 23.02 . 40 | 9.3
Product Cooling 24.02 66 15.4
Cooling Line Losses 25.02 21 4.9
Total 428 . 100.0

With a coefficient of performance of 2.86 for thée refrigeration system
as defined in Energy Calculation No. 28.02; the electrical energy needed to

deliver the above cooling load is:

BTU BTU
4 s == ————————
,K‘gsglb_cheesgﬁ) 150 1b cheese

2.86
Table 5-2d. Total energy cost per pound of cheddar cheese neglecting
whey spray drying costs.

Energy Unit Price* Dollar Cost Fossil Fuel
Type of Energy Used Used $ $ Equivalent®
(BTU/1b) 10° BTU (1b) (BTU/1b)
Electrical ,
1. Lights and motors - 383 7.32 0.0028 1149
2. Refrigeration 150 7.32 0.0011 450
Steam 2319 1.33 0.0031 2783
Total 0.0070 4382

*
Unlt prices and fossil fuel equivalent factors are defined in Energy
Calculations Nos. 28.01-28.06. \
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Table 5-2e. Total energy cost per pound of cheddar cheese including whey
drying costs.. ’

‘ Energy. Unit Price® Dollar Cost Fossil Fuel

Type of Energy Used Used $ : $ Equivalent¥*
(BTU/1b) 108 BTU (1b) . (BTU/1b)

Electrical : _ .
1. Lights and motors 498 7.32 . 0.0036 1494
2. Refrigeration 268 7.32 .- 0.0020 804
Steam 5440 ©1.33 0.0072 ‘ 6528
Natural Gas 1737 1.06 0.0018 1737

(for spray drying) -

Total : 0.0146 10,563
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Section 5-3

COTTAGE CHEESE .PRODUCTION

Description

Upon the receipt of raw milk from bulk tankers, it is weighed, cooled
and pumped to the raw storage tanks. To start the cheese making process,
raw milk from the storage tank is:pumped through a.clarifier, a tubular
prehéaper, and then a separator. The clarifier removes extraneous material.
The tubular preheater increasesvthe milk temperature to 90°F to improve |
the efficiéncy of separation.

Skim millk from the separator flows to a separate HTST Pasteurizer where
it is heated to 151°F in the regeneration section and to 162°T in the heating
section. It is.then cooled to 101°F in the regeneration section and 88°F in
the cooling section. This pasteurizer description is similar to fhe one
giveﬁ in the Cheddar Chcese Section. The 40% fat cream from the separatér
flows to its own HTST pasteurizer where it is heated to 170°F for 15 seconds
and then cooled to 38°F. The cream is pumped to a storage tank to await
processing into cottage cheese dressiﬁg or other dairyvproducts.

Skim milk coming from the HTST pasteurizer at 83°F is pumped to a cheese
vat to be mixed with starter and rennet. Fnough starter is added to make up
5% of the total mass added. The mixture is agitated aﬁd then allowed to
ingubnte till alpﬂ of 4.7 is attained at which time the coapulum is quite
firm and is cut into 1/4 to 1/2 inch cubes. The elapsed time from the

adding of starter to the cutting the curd i{s about two and a half hours.
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The cut curd is allowed to set for 15 minutes. fhé cook beginsg when
hot water is circulated in a jacket around the vat. This increaseé the
temperature of the vat contents 2°F every five‘minutes. Agitafion of the
curd is started about 20 minutes after cutting. The cook continueé until
the temperatures reaches approximately 125°F and thébcurd expels sufficient
whey to givg‘it the deéiréd firmﬁess. The cooking process takes about two
hours. -

After the cook is completed, the hot water in the jaéket and the vhey
is drained. The remaining curd is washed with 70°F water to lower the curd
temperature to 80°F or 85°F, After the water andbcurd mixture is agitated,
it is drained and a second wash with 60°F water is added. A third wash
with 34°T water is added to lower the curd temperéture to abopt 4n°F.

Vith the curd still containing the third wash water, the curd-vater
mixture is pumped to the araining and creaming vats. " The final wash.w;ter
is then drained and the desired amount of cottage cheese dressing is added.
The dressing and curd are thoroughly mixed before being conveyed to the
packaging machines and the cold storage foom.. |

Cottage checse dressing is made from a mixture of 427 fat cream, whole
millk , " salt, and stabilizer.' The ingrediants are biended together in a vat
and heated to-l70°F for 30 minutes to pasteurize the dressing. At the
completion of the heating period, the dressing is homogenizéd and cooled back
to 38°F. The dresgsing is then stored to awailt further use.

The total time required per vat of cottage cheese is about six hours.

The energy intensive procedures in making starter is the same as described

in the Cheddar Cheese Section.
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Energy Inputs Into Cbttage Cheese Production

“The encrgy inputs for cottage cheese production will be based on a

plant processing 1,200,000 pounds of milk per week;lBThe plant will operate

5 days a week making 219,750 pounds of cottage cheese each week. The following

assumptions will be made about the plant.

1.

eemea

The plant will also produce cream cheese, sour cream, and cultured
milk.

The weekly consumption and productionAfigﬁres are as follows; 825,500
lbé. of skim milk will be made into 146.500 1bs. of curd which will
be combined with 73,250 1bs. of 15% fat dressing made fromV50,875
Ibs. of whole milk and 22,375 lbs. of 40% cream. This makes

319,750 1bs. of cottagé cheese. |

The processing éosts will not contain any whey concentrating or
drying costs. llowever, the total energy cost wili show two opﬁions,
one with whey being ignored and thé other with whey being dried. The -
individual. costs of drying whey are éhown in the Dried Whey Section.
There are 0.19 1bs. of whey powder which can be produced per pound

of cottage cheese.

The total air circulation rate for the entire plant is 73,500 CFM.

The climate where the plant is located is similar to the Salt Lake

City, Utah area.
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7. The following CIP cleaning cycles are needed each day.

1 =~ IITST .Pasteurizer (Acid Wash)
4 =~ Tanker Trucks
8 - Milk tanks and pipeline systems

13-cycles/day

8. The following batches of items must be cleaned daily. .

1 - clarifier and separator
2 - shdvels, stirrers, etc.
1 - positive displacement pumps and automatic valves

1. - packaging equipment parts
8 - cheese vats

__6 - creaming vats
19 batches/day

9. Six - 1/2 horsepower fans circulate air in the cold storage roonm.

10. The sizes of the rooms in the plant are:

Room Floor space (ft.z) Volume (ft.3)
.Offices, lunch, locker, and restrooms 3544 49,616
Dry Storage 2400 33,600
Procéssing Rooms 8229 91,990
Cold Storage Room i , 2800 36,400
Boiler and Refrigeration Rooms 2009 40,726
Culturg Rooms 3857 43,370
Packaging rooms 2306 27,672
Receiving Shelter __2400 33,600

TOTALS 28,445 356,974
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The following tables represent estimates of most of the energy
requirgments for producing cotfage.cheeée. The estimatingbprocedure for each
energy requirement is found in the Fnergy Calculation‘ﬂection qﬁder the
Energy Calculation Number given with each energy cost. A plant layouﬁ
of a cottage cheese, cream cheese, sour cream, and cultured milk producing

plant is given after the tables.







Table 5-3a. Typiéal electrical energy uses per.pound of cottage cheese.

Process Calculation Energy Use y
Number (BTU/1b)
Pumping Milk = . 1.03 ) 2.5 2.8
Clarification 2.03 4.1 4.6
Separation _ 3.03 o 4.0 - 4.5
Hoﬁogénization . ' 4.03 3.7 4.i
CIP Pumps . | 5.03 3.5 3.9
Air Compressor | 8.03 - _ 1.2 1.3
Cold. Storage Room Fans 9.03 B 2.0 2.2
Heating and Air Cond. Fans 10.03 33.6 - 37.6
Boiler Fan 11.03 8.3 a3
Cooling Tower Fan ' 12.03 C2.4 2.7
Lights and Misc. Motors 13.03 24.0 | 26.9

Total 89.3 100.0

Table 5-3b. Typical steam energy uses per pound of cottage cheese,

Calculation Amount o
Process Number Used A
: Y _ (BTU/1b)
Cleaning - CIP - 15.03 185 21.5
Cleaning - Manual 16.03 83 9.6
Heating the Plant 18.03 89 - 10.3
Product Heating : 19.03 434 50.3.

Steam Line lLosses , 20.03 71 . 8.2

Total 862 ~ 100.0




Table 5-3a. Typical electrical energy uses per pound of cottage cheese.

Calcdlation Energy Use

>89

Process

Number (BTU/1b)

Pumping Milk ' 1.03 2.5 2.8
Clarification - 2.03 4.1 ‘ . 4.6
Separation ‘ - 3.03 ‘4.Q . 4.5
Homogenization 4.03 3.7 4.1
CIP Pumps 5.03 3.5 ' 3.9
Air Compressor 8.03 1.2 1.3
Cold Storage Room Fans 9.03 . 2.0 2.2
Heating and Air Cond. Fans 10.03 33.6 37.6
Boiler Fan 11.03 8.3 ' 9.3
Cooling Tower Fan | 12.03 2.4 - 2.7
Lights and Misc. Motors 13.03 24.0 26.9

Total 89.3 ' 100.0

Table 5-3b. Typical steam energy uses per pound of cottage cheese.

Calculation Amount o
Process Number Used %
(BTU/1b) i
Cleaning ~ CIP 15.03 185 ' 21.5
Cleaning - Manual 16.03 83 9.6
Heating the Plant 18.03 89 10.3
Product Heating : 19.03 434 50.3
Steam Lince Losses 20.03 71 8.2

Total 862 100.0




Table 5-3c. Uses of refrigeration per pound oficottage cheese.

Process Calculation Energy Use 9

' Number (BTU/1b.) - 0

Cold Storage Room e 22,03 - 22 12.1
Air Conditioning ' 23,03 12 _ 6.6
Product Cooling " 24.03 121 : 66.5
Cooling Line Losses 25,03 27 14.8°
Total 182 a 100.0

With a coefficient of performénce of 2.86 for the refrigeration system
as defined in Ehergy Calculation No. 28.02, the electrical energy needed to

deliver the above coollng load is:

BTU E BTU

(182 1b cgeese ) = 64 1b cheese

Table 5-3d. Total energy cost per pound of cottage cheese neglectlng
whey spray drying costs.

i Amount Unit Price®* Dollar Cost Fossil Fuel
Type of Energy Used Used 8 8 Equivalent¥®
(BTU/1b)  10® BTU - (1p) (BTU/1b)
Electrical .
1. Lights and motors 89 . 7.32 0.00065 267
2. Refrigeration 64 7.32 . 0.00047 . 192
Steam 862 1.33 0.00115 1034

Total (0.00227 1493

% ‘ .
Unit prices and fossil fuel equivalent factors are defined in Energy.
Calculations Nos. 28.01-28.06.
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Energy Inputs Into Sour Cream Production

The energy inputs for sour cream production will be based on a plant
processing 1,200,000 pounds of milk per weekl.3 The plént will operate 5 days
a week making 60,000 pounds of sour cream each week. The following assumptions
will be made about the plant.

1. The plant will also produce cream cheese,. cottage cheese, and

cultured milk.

2. FEach week, 23,335 1bs. of 50% fat cream and 36,665 lbs. of whole
milk will be combined to make 60,000 1bs, of sour cream,

3. The total air circulation rate for‘this plant is 73,5000 CFM.

4. The climate .the plant ié located in is éimilar to that of
the Salt Lake City, Utah area.

5. 'Only one CIP cleaning cycle is needed each day because much of the
pipelines and tanks holding cream and milk going for sour cream also
are used for other products and the cleaning requirements are shared
between fhem. The one cycle is assumed to be an acid wash,

6, The packaging equipment and processing.pumps are the only equipment
cleaned manually and it all can be cleaned in one batch.

7. Six - 1/2 horsepower fans circulate air in the cold storage

room.



Table 5-3c. Uses of refrigeration per pound of'cottage cheese.

Process Calculation Energy Use v

: _ Number (BTU/1b.) - °

Cold Storage Room . 22,03 - 22 12.1
Air Conditioning ' . 23.03 12 _ , 6.6
Product Cooling i 24,03 121 : 66.5
Cooling Line Losses 25.03 27 14.8°
Total - 182 ' 100.0

With a coefficient of performénce of 2.86 for the refrigeration system
as defined in Epergy Calculation No. 28.02, the electrical energy needed to

deliver the above cooling load is:

S BTU . _ BTU
(182 1b §geese ) - 64 1b cheese

Table 5-3d. Total energy cost per pound of cottage cheese neglecting
whey spray drying costs. :

' Amount Unit Price#* Dollar Cost Fossil Fuel
Type of Energy Used Used 8 I Equivalent®
(BTU/1b)  10° BTU © (1b) (BTU/1b)
Electrical )
‘1. Lights and motors 89 . 7.32 0.00065 267
2. Refrigeration 64 = 7.32 . 0.00047 . 192
Steam 862 1.33 0.00115 1034

Total 0.00227 1493

* } .
Unit prices and fossil fuel equivalent factors are defined in Energy.
Calculations Nos. 28.01-28.06.



Table 5-3e. Total energy cost per pound of cottage cheese including whey
: drying costs.

Amount Unit Price* @ Dollar Cost Fossil Fuel
Type of Energy Used Used S : § Equivalent*
Electrical
1. Lights and motors 128 7.32 0.0009 384
2. Refrigeration 104 7.32 0.0008 312
Steam 1921 1.33 0.0026 2305
Natural Cas 589 1.06 0.0006 589

(for spray drying)

Total ‘ 0.0049 3590
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Sectioh 54

- SOUR CREAM PRODUCTION

Description

Since sour cream production consumes a large amount of cream, it is
commonly made in conjunction with a product such as cottage cheese which
requires a large volume of skim milk. Therefore this description will

assume that the sour cream production procedure is a branch of the cottage

- cheese production process.

Incoming raw milk is weighed, cooled, and stored until further processing.

The processing begins by pumping the stored raw milk through a clarifier to

remove extraneous particles. Then after the milk is warmed to 90°F in a

tuBular preheater to improve sepérator efficiency it is separated into skim
milk and 407 fat eream. The skim milk is used in the production of cottage
cheese while thg 40% cream is pumped through a HTST pasteurizef. In the
pasteurizer the cream is héated to 154°F in the regeneratibn'section and ~
to 170°F in the heating section. After the appropriate holding time, the
milk is cooled to 105°F and to 38°F in the regeneration and cooling sections
respectively. The pasteurized cream can now be stored until it is desired
to use the cream in the production of sour cream.

The 40% fat créam and raw whole milk.are blenaed together to form an
18% fat cream mix. This cream is heated to 170°F and is held for 30 minutes.
At the end of the holding period, the cream is homogenized at 3000 psig and
then cooled down to 70°F by circulating sweet-water in the jacket surrounding

the tank holding the cream.
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Starter is added until it represents 1 éo 2 percent of the total mass.
The mixture is incgbated about 16 hours or ﬁntii the écidity reached 0.6%
(expressed as lactic acid}. At this point the curd is broken and fhe
coagulum is cooled to 65°F and forced by pumps or air pressure into
packaging machines,

The paékaged sour cream is placed in the cold storage room to finish
céoling to_40°Fu

A detailed description of a high temperature short time pasteurizer

and the method of making starter is given in the Cheddar Cheese Section.
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Energy Inputs Into Sour Cream Production

The energy inputs for sour cream production will be based on a plant
processing 1,200,000 pounds of milk per weekl.3 The plént will operate 5 days
a week making 60,000 pounds of sour cream each week. The following assumptions
will be made about the plant.

1. The plant will also produce cream cheese, cottage cheese, and

cultured milk.

2. Each week, 23,335 1lbs. of 50% fat cream agd 36,665 1bs. of whole
milk will be combined to make 60,000 lbs. of sour cream,

3. The total air circulation rate forbthis plant is 73,5000 CFM.

4. The climate  the plant ié located in is similar to that of
the Salt Lake City, Utah area.

5. Only one CIP cleaning cycle is needed each day because much of the
pipelines and tanks holding cream and milk going for sour cream also
are used for other products and the cleaning requirements are shared
between fhem. The one cycle is assumed to be an acid wash.

6, The packaging equipment and processing pumps are the only equipment
cleaned manually and it all can be cleaned in one batch.

7. Six -~ 1/2 horsepower fans circulate air in the cold storage

room.
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8. The sizes of the rooms in the plant are;

Room - Floor space”(fﬁ;z) Volume (ft;3)

Offices, lunch, locker and restroom - 3544 49,616
Dry Storage » ‘ 2400 33,600
Processing Rooms o 8229 91,990
Cold Storage Room ' 2800 36,400
Boiler and Refrigeration Rooms . 2909 ' 40,726
Culture rooms . 3857 43,370
Packaging Rooms ' , 2306 27,672
Receiving shelter 2400 33,600

TOTALS 28,445 356,974

The following tables represent estimates of most of the energy require-
Aments in prodﬁcing sour cream. The estimating procedure for each energy
use is found in the Energy Calculation Section under the Energy Calculation
Number given with each energy cost., A plant layout of a cottage cheesc, cream
cheese, sour cream, and cultured milk producing plant is éhownyin the section

describing cottage cheese production,




Table 5-4a.  Typical electrical energy uses per pound of sour cream.

Process Calculation Energy Use g

Number (BTU/1b.) .

Pumping Milk l.Q4 0.6 1.7
Clarification 2.04 1.0 2.9
Separation 3.Q4 0.4 1.1
Homogeniéation 4. 04 11.3 32.3
CIP Pumbs: 5.04 1.0 2.9
Air Compressor 8.04 0.3 0.9
Cold Storage Room Fans 9.04 2.0 5.7
Heating and Air Conditioning Fans 10.04 8.2 23.4
Boiler Fan 11.04 2.0 5.7
Cooling Tower Fans 12.04 2.4 6.9
Lights and Misc. Motors 13.04 5.8 16.6
Total 35.0 100.0

Table 5-4b. Typical steam energy uses per pound of sour cream.

Calculation Energy Use

Frocess Number (BTU/1b.) %

Cleaning - CIP 15.04 75 27.4
Cleaning - Manual 16.04 16 5.8
Heating the Plant 18.04 22 8.0
Product Heating 19.04 144 52.6
Steam Line Losses 20.04 17 6.2
Total 274 100.0




Table 5-4c. Uses of refrigeration per pound of sour cream. 5=39

" Calculation Cooling
Use of Refrigeration aNcuba Required %
~ umber (BTU/1b.)
Cold Storage Room 22.04 41 22.0
Air Conditioning , 23.04 3 1.6
Product Cooling 24.04 118 63.4
Cooling Line Losses - 25.04 24 12.9
/

Total 186 100.0

With a coefficient of performance of 2.86 for the refrigeration system

as defined in Energy Calculation No. 28.02, the electrical ‘energy needed to

deliver the above cooling load is:

BTU )
1b. Sour Cream” = 65
2.86
Table 5—4d.‘,Total energy cost per pound of sour cream.

BTU
1b. Sour Cream

"~ (186

D i ice* F il F
Type of Energy Energy Used Unit Price Dollar Cost os§1l ugl
BTU $ ($/1b.) Equivalent¥*
. 1b Sour Cream 100 BTU - (BTU/1b.)
Electrical ’ -
1. Lights and motors 35 : 7.32 0.00026 105
2. Refrigeration 65 7.32 0.00048 195
Steam 274 1.33 - 0.00036 329
Total oo 0.00110 629
*

Unit prices and fossil fuel equivalent factors are defined in
knergy Calculations Nos. 28.01-28.06.
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Section 5-5

CREAM CHEESE PRODUCTION

Description

Since cream cheese production consumes a large‘amoupt of cream, it‘is
commonly made in conjunction with a product such as cottage cheese which

: ' j

consumes a very large volume of skim milk. Also there are several variations
in the procedure of‘making cream cpeese. Thus, the'procédure présented here
will be a branch. of a cottage cheese operation, typical of a modern dairy
plant.

Incoming raw milk is weighed, cooled,>and stored until further processing.
The proceséing~6egins by pumﬁing the stored raw milk through a clarifier té
remove extraneous particles, Then, after the milk is warmed to 90°F in a

tubular preheater, it -is separated into skim milk and 40% fat cream. The

lbskim milk is sent into the cottage cheese»pfoduction line while the 40%

cream is pumped through a HTST pasteurizer, Inbthe pasteurizer theé cream _
is heated to 154°F in the regeneration section and to 170°F in the heating
section. After the appropriate holding time the cream is cooled to 105°F and
to 38°F in the regeneration and cooling sections of the pasteurizer
respectively. The pasteurized and cooled cream may now bé stored'before
being processed into cream cheese.

The 40% cream and raw whole milk are mixed togéther forming a 5% féf
cream, This cream is heated to l70°F for 30 minutes for pasteurization.

It is then cooled to 79°F with culinary water and sweet water used as a
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heat sink. Starter is added until it repiesenté 1% of the total mass.
The mixture is allowed to incubate for 16 hours at 70°F or until the
coagulum reaches 0.83% acidity (expressed as lactic acid).

The coagulum_is broken up by agitation and cooled to 65°F. It is then
slowly pumped through a preheater which raises the temperature to 120°F
before entering the curd concentrator. Whey is removed in the curd
concentrator, and the curd is pumped to a tank to be combined with 40%
cream, non-fat dry milk, salt and stabilizer.

The cream cheese mixture is standardized to 33% fat and 45% total
solids. The étandardized mix is then heated to 150°F, homogenized at
about 3000 psig, packaged, and put in the cold storage room to cool.

A detailed description of the‘high temperature short time pasteurizer
operation and the method of making starter is given in tﬁe Cheddar Cheese

section.




Raw Milk

<:£%£%ﬁ\

Whole Milk

2l

PR~ —

_ﬁp% Cream

Plate
Cooler

Tank
o

INAU

Separator
40,000 1b/hr

&= GSkim milk to cottage cheese

Storage

’ Tubular
Preheater

manufacture

Flow

: ':_\I
diversion
valve L

] 105°F

| Cooling
Section

RN

w0

~
Cream
Cheese
Mix
Tank

Figure 5-5a.

/.

|

[”" .

(-

Homogenizer
125 GPH

Packaging t - |

/"‘ .
___ghey for drying or /// 59
disposal ‘ fat cream
~~%ZQiEN;,_~_f/ . 65°F K tank
_{ - : . il \
‘[curd concentrator tubular - ng
preheater

Cold
Storage
Room

"Storage
Tank

Flow chart showing cream cheese production

Clarifiér
40,000 1b/hr




5-44

Energy Inputs Into Cream Cheese Production

- The energy inputs for cream cheese production will be based on a

plant processing 1,200,000 pounds of milk per week 3 The plant will operate

5 days a week making 18,000 pounds of cream cheese every week, The following

assumptions will be made about the plant.

1.

The plant will also produce cottage cheese, sour cream, and

cultured milk.

Each week, 43,758 1lbs. of whole milk and 1242 1bs. of 40% cream

"are combined to make 45,000 lbs. of 5%‘fat cream. The 5% fat

cream will yield 5400 1bs. of curd and 39,600 lbs. of whey. The curd
is_comhined with 12,600 lbs. of 407 cream and small amounts of non~fat
dry-milk, salt and stabilizer to form 18,000 1lbs. of cream cheese
every week,

The processing energy requiréments will not include those for whey
concentrating or dryiﬁg. However, the total energy requiremenf will

show two options, one with whey being ignored and the other with

' whey being dried. The individual requirement costs for drying whey

are shown in the Dfied Whey Section.

There are 0.14 1lbs. of dried whey powder which can be produced per
pound of créam cheese.

The total air circulation rate for the entire plant.-is 73,500 CFM.

The climate which Lihe plant is located in is similar to that of the

Salt Lake City, Utah area.
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7. Only 2 CIP cleaning cycles will be needed each day, one of which

will be an acid wash. This is because most ofvthe pipelines and
" tanks used for cream cheese production are also used for other
dairy products and the cleaning costs are shared between them.

8. The curd concentratof and the packaging equipmenf are the only
equipment to be cleaned manually and it all can be dong in one
batch.

9. Six~ 1/2 horsepower fans circulate air in the cold storage room.

10. "The sizes of the rooms in the plant are:

‘fgggg | : »UFléor space.(ft.z) -Volume (ft.3)

Offices, lunch, ioéker, and restrooms 3544 _ 49,616
Dry Storage | o 2400 33,600
Processing Rooms 8229 - 91,990
Cold Storage Room ) | 2800 36,400
Boilgr and Refrigeration Rooms 2909 40,726
Culture Rooms | | 3857 43,370
Packaging Rooms 2306 27,672
Receiving Shelter : ___ 2400 33,600

TOTALS 28,445 | 356,974

The following tables represent estimates of most of the energy costs of
producing cream chéese.’ The estihating procedure for each ehergy'uselis found
in the Energy Calculation Section under the Energy Calculation ﬁumber given
with each energy cost. A plant layout of a cottage cheese, cream cheese, sour
cream, and cultured milk pfoducing plant.is shown in the section describing

cottage cheese production,




Table 5-5a. Typical electrical energy uses per pound of cream cheesa.

Calculation Amount y

Process Number ~ (BTU/1b)

Pumping Milk 1.05 1.9 | 1.4
Clarification | 2.05 3.2 2.3
Sepafation : 3.05 0.8 0.6
Homogenization ‘ 4.05 11.5 8.2
CIP Pumps 5.05 6.6 4.7
. Air Compressor 8.05 2.0 - 1.4
Cold Storage Room Fans 9.05 2.0 1.4
Heating and Air Cond. Fans 10.05 54.7 39.2
Boiler Fan . 11.05 13.5 9.7
Cooling Tower fans 12.05 | é.i 2.9
Lights and Misc. Motors ' 13.05 39.1 28.0

Total 139.4 100.0

Table 5-5b. Typical steam energy uses per pound of cream cheese.

Process Calculation’ Amount y

Number (BTU/1b) °

Cleaning - CIP 15.05 417 : 36.6
Cleaning - Manual 16.05 . 53 | 4.6
Heating the Plant 18.05 l35v ) 11.8
Product Heating 19.05 419 36.8
Steam Line Losses 20.05 116 10.2

Total 1140 100.0




Table 5-5c. Uses of refrigeration. 5_47

Uses of Refrigeration Caéigiziéon gzzzigg %
(BTU/1b)
Cold Storage Room | 22.05 117 - 37.3
Air Conditioning 2305 20 6.4
Product Cooling . 24.05 144 45.8
Cooling Line Losses | 25.05 - 33 10.5
Total | VR 100.0

With a coefficient of performance of 2.86 for the refrigeratioﬁ system
as defined in Energy CalculationANo. 28.02, the electrical energy needed to

deliver the above cooling load is:

. BTU
(314 1b. cream cheese ) = 110 BTU
5.86. 1b cream cheese

Table 5-5d. Total energy cost per pound of cream cheese neglecting
‘whey spray drying costs.

Amount Unit Price* Dollar Cost Fossil Fuel

Type of Energ& Used Used $ $ Equivalent®

(BTU/1b) 106 BTU (1b) - (BTU/1b)
Electrical - ‘
1. Lights and motors 139 7.32 10.0010 ) 417
2. Refrigeration 110 7.32 0.0008 330
Steam 1140 1.33 0.0015 1368
Total ' : 0.0023 2115
*

Unit prices and fossil fuel cquivalent factors are defined in
Energy Calculations Nos. 28.01-28.00,
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Table 5-5e. Total energy cost per pound of cream cheese including
whey drying costs.

Amount Unit Price* Dollar Cost Fossil Fuel

Type of Energy Used Used 8 B Equivalent*
(BTU/1b) 106 BTUD (1b) (BTU/1b)
Electrical
1. Lights and motors 168 7.32 0.0012 . 504
2. Refrigeration 140 7.32 0.0010 420
Steam o 1920 1.33 0.0026 2304
Natural Gas : 434 1.06 0.0005 434

(for spray drying)

Total 0.0053 3662
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Section 5-6

CULTURED MILK PRODUCTION

Descrigtion

Cultured milk, commonly known as buttermilk, is hadé from a whole and
skim milk blend with a fat content between 1 and 2 percent.

Incoming milk, for cultured milk production, is weighed, cooled and
stdred until further processing. The processing begins with clarification
and separation 6f the whole milk into skim milk and 40% fat cream. The raw
skim milk is belnded with 'raw whole milk in the proper proportions to give
a 1 to 2 percent fat mixture. The cream from the separator is used in- the
production of other products.

The skim and whole milk mixture is heated in a vat to 190°F and held
there for 30 minutes to pasteurize the ‘mixture. After the holding time is
over the mixture is cooled to 70°F with culinary and sweet-water which is
circulated in the jacket surrounding the vat. Starter is added until it
represents ébout 17 of the total mass in the vat. The mixture is allowed to
incubate for 16 hours ét 706F or until an acidity of 0.887 is reached. It
is then agitated to break up the coagulum and cooled to 40°F by circulating
sweet water around the vat. The cultured milk is then packaged and put into
the cold storage room until shipment. The energy intensive procedures of

starter making are described in the cheddar cheese section.
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Energy Inpﬁts into Cultured Milk Production

The energy inputs for cultured milk production will be based on a

plant processing 1,200,000 pounds of milk perlweekpﬁaThe plant will operate

5 days a week making 132,000 pounds of cultured milk every week. The

following assumptions will be made. about the plant.

1.

The plant will also produce cottage cheese, cream cheese, and sour

Cream,

The 132,000 pounds, of cultured milk produced weekly will be

expressed as 61,395 quarts of cultured milk., Thus there is 2.15

pounds of cultured milk per quart.

fo make 132,000 1bs. of cultured milk containing 1% fat requires
the consumption of 99,000 1bs, of skim milk and 33,000 1bs. of
whole milk at 4.0% fat.

The air circulation rate for the entire plant is 73,500 CFM.

The climate of the area the plant is located in is similar to that
of the Salt Lake City, Utah area.

Two CIP cleaning cycles are needed each day with one being an acid
wash. The two cycles will clean most of the pipelines and tanks
used for cultured milk production.

The milk separator and the packaging equipment are the only equipment

to be cleaned manually every day and it all can be done in one batch.

Six - 1/2 horsepower fans circulate air in the cold storage room.
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9. The sizes of the rooms in the plant are:

‘Bgém ‘. vFiéor égacél(fflz) ’ Qéiuﬁév(ft;3)
Offices, lunch, locker and restrooms 3544 49,616
Dry Storage | ' 2400 ' 33,600
-Processing Rooms . 8229 o | 91,990
Cold Storage Room 2800 . 36,400
Boiler and Refrigeration Rooms 2909 - 40,726
Culture rooms - 3857 . 43,370
Packaging Rooms | ' 2306 27,672
Receiving Shelter | 2400 33,600

TOTALS | 28,445 256,974

The The féllowing tables represent estimates of most of the energy
requirements for producing cultured milk. Tﬁe estimating prcedure for each
energy use is found in the Energy Calculation Section undef the Energy
Calculation Number given with eachvenErgy-gost. A layout of é plant producing
cottage cheese, cream cheese, sour cream, and cultured milk is shown in the

section describing cottage cheese production.
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Table 5-6a. Typical electrical energy costs per quart of cultured milk.

Calculation Energy-Use'
Process Number (BTU/qt) %

Pumping Milk 1.06 079 2.0
Clarification ' 2.06 2.2 - 4.8
Separation ' 3.06 1.6 - 3.5
CIP Pumps ' 5.06 . 1.9 4.2
Air Compressor 8.06 0.6 1.3
Cold Storage Room Fans 9.06 4.3 9.4
Heating‘aﬁd Air Condition Fans 10.06 16.0 35.1
Boiler Fan - '11.06 ‘4.0 8.8
Cooling Tower Fans - 12.06 2.6 5.7
Lights and Misc. Motors 13.06 11.5 | 25.2

TOTAL | 45.6 100.0

Table 5-6b. Typical steam energy costs per quart of cultured milk.

’ o Calculation © Amount
Process Number (BTU/qt) %
Cleaning - CIP - 15.06 122 22.7
Cleaning - Manual , 16.06 16 ' 3.0.
Heating the Plant 18.06 40 7.4
Product Heating 19.06 326 | 60.6
Steam Line Losses 20.06 34 6.3

TOTAL 538 100.0




RN

Table 5-6c. Uses of-réfrigeration.
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Uses dvaefirgeraﬁion Caéziizzion SZZ§i§g %
~_(BTU/qt)
Cold'Storage Room - 22,06 24 11.8
Aif Conditioning 23.06. ' 6 o “3;Ov
Product- Cooling © 24.06 | 143 ' 70.4
"Cooling Line Losses 25.06 | | 30 14.8
Total | 203 ~100.0

With a coefficient of performance‘of‘2;86 for the refrigeraiton system

as defined in Energy Calculation No. 28.02, the electrical energy needed to

deliver the abdve‘cooling load is:
BTU ) :
qt. cult., milk = 71
2.86

BTU
qt. cult. milk

(203

Table 5-6d. Total energy cost per quart of cultured‘milk

Energy Used  Unit Price* Dollar Cost

Fossil Fuel

Type of Energy (BTU/qt.) $ - $ Equivalent*
106 BTU qt. (BTU/qt.)
Electrical
.1. Lights and motors 46 7.32 0.00034 138
2. Refrigeration 71 o 7.32 0.00052 213
Steam | 538 1.33 0.00072 646
Total 0.00158 997

N , ‘ ‘
Unit prices and fossil fuel equivalent factors are defined in

Energy Galculations Nos. 28.01-28.06.
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Section 5-7

DRIED WHEY PRODUCTION

Description

The first stép of whey drying is clarification of the’whéy to remove
curd particles. If fhe whey is removed from cheese made.frémbwhole milk,
the whey is'separatéd to remove any remaining fat. The whey is then‘cooled,
in a plate cooler té 40°F so that it can be stored‘ﬁntil enough is present
for further processing.

The next step is concentrating the wﬁey in the double effect evapora-

tor. On its way into the evaporator the whey is heated via vapor preheaters

-and a steam fed preheater to eventually raise the temperature to. 165°F. The

6% solids whey flows through both evaporator effects and comes out as a 40%
solids concentrate. It is then cooled to 40°F by a plate cooler and stored

overnight to allow for crystalization of lactose. The whey concentrate,

‘heated to 1650F, is fed into a high pressure pump, and spray dried to approx-

imately 3 or 3% percent moisture. As the dried whey powder collects, it is

bagged and stored to await shipment.
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Energy Inputs into Dried Whey Prpdugtioﬁ_

The energy inputs to‘dried.whey'production will contain only those
- costs directly associated with drying whey. This is because a dairy plant
may use some other means to dispoée of its whey; Thus; the costs given here
are to be combined with‘cheese production costs in each cheéée section to
show the total energy costs with a whey drying option; The Qhey drying 
costs are based on an equipment set-up capable of pfoducing 43;000 pounds
of dried whey boweder per week., The following assumptions will be made
about the operation. |
1, The-additional equipment and space needed for Qhey drying will -
not significantly increase the eﬁérgy costs of heating, lightiﬁg,
air conditioning, ér other indirect energy costs.
2. The whey for'drying will contain‘éz solids and the finished product
will contain 3.5% méisture. |
3. There will be six CIP>cleaning cycles needed each day to clean the
. pipelines, tanks, plate.coolers, the double effect evaporator, and
the spray dryer. Two of the cycles will be acid wash cycles.
The following table represent estimates of most of the energy requirements
for producing dried whey. The estimating procedure of each.energy use
is found in the Energy Calculation Section under the Energy Calculation

Number given with each energy cost.




Table 5-7a. Typical electrical energy costs per pound of whey powder.

Process Calculation Energy Use . Y

€ Number (BTU/1b.) °
Pumping Whey 1.07 : 3.2 1.5
Clarification of Whey 2.07 : 16.1 7.8
Double Effect Evaporator ‘ 6.07 30.0 14.6
Spray Drier ‘ 7.07 117.5 57.2
Cooling Tower Fans 12.07 38.8 18.9
Total 205.6 _ 100.0

Table 5-7b. Typical steam energy costs per pound of whey powder.

Pro s Calculation Energy Use g

ces Number (BTU/1b.) °
Cleaning - CIP 15.07 585 0.5
Double Effect Evaporator 17.07 4708 84.5
Product Heating | 19.07 281 5.0
Total 5574 100.0

Table 5-7c. Typical uses of refrigeration per pound of whey powder.

Calculation Cooling
Uses of Refrigeration Ncmﬁer Needed %
' ‘ Y (BTU/1b)
Product Cooling 24.07 603 100.0
Total 603 100.0

With a coefficient of performance of 2.86 for the refrigeration system
as defined in Energy Calculation No. 28.02, the electrical energy needed to

deliver the above cooling load is:

603 e T
{_ 1b. whey powder ) = 211 BIU
.86 1b. whey powder




"Table 5-7d. Direct uses of natural gas energy per pound

of whey powder.

Direct Uses ~ Calculation Energy‘Use v
of Natural Gas Energy Number - (BTU/1b.) -
Spray Drying 27.07 3102 100.0

100.0

Total 3102

Table 5-7e. Total energy cost pér pound‘of whey powder.

Unit Price®

Fossil Fuel

Type of Energy : E?g;ﬁilgied $ Do%éﬁibC;St Equivalent¥®
Electrical .
1. Lights and motors 206 7.32 0.0015 618
2. Refrigeration _ 211 7.32 0.0015 633
‘Steam o ’ 5574 1.33 . 0.0074 6689
Natural Gas ‘ 3102 1.06 0.0033 3102
Total 0.0137 11,042

*
Unit prices and fossil fuel equlvalent factors are defined in Energy

Calculations Nos 28.01-28.06.
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Seétion 5-8

BUTTER PRODUCTION

Description

Large butter producing plants are very often combined with the
production of dried skim milk, This description of butter prodﬁction is
for a butter 'and dried skim milk‘processing operation.

As raw milk is received, it is weighed and pumped to a storage tank.
Soon afterwards the milk is pumped‘through’a‘ﬁlaté heétef on its way to the
separator. The blate heatér increases the milk temperaturéAto 8S°F,‘which
increases the separator efficiency. The heated skim milk ;oming from the
separator is directed back into the plate heat exchanger to warm incoming
milk in the regeneration section... The 4OZ fat cream from the separator
is forwarded on to a HIST pastéurizer. In the pasteurizer, the cream is
warmed to 142°F in the regenerator and to 1805Flin the heating unit. After
the proper holding time the cream is cooled to 123°F and to 42°F in the regeneration.
and cooling sections of the pasteurizer respéctively.' The cream is stored in
a refrigerated vat which removes the latent heat caused by a small amount of
fat which may slowly solidified.

Churning cream into butter is usual;y done in batches, although continuous
butter makers are available. The cream for éhurning,is first warmedvfrom
40°F to about 50°F in a tubular preheater. The churn is filled Qith the

warmed 407 fat cream. The cream is churned for about 30 minutes until
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butter granules are formed. The buttermilk is drained off and salt is
added and worked into the butter- for about 20 minutes; At this time a fat
test is run and water is added to the butter to standardize the fat content
to 80%. After the water has been worked into the butter, the buttef is
removed from the churn and is packaged. After packaging, the butter is
placed in the cold storage room until‘shipment; It should be noted that
some cooling is required during thebchurning process to remove the latent

heat of the solidifying fat.
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Energy Inputs into Butter Production

The energy inputs into butter production will be based on a plant

processing 1,750,000 pounds of milk per week 1% The plant will operate seven

days a week making 11,222 pounds of butter each day. The following assumptions

will be made about the plant.

1.

7.

The plant will also produce dried skim milk, instantized dried

skim milk, and dried buttermilk.

To make 11,222 pounes of butter each day requires the consumption'.

of 22,444 pounds of 40% cream.

Each butter batch will contain 11,250 pounds of crean,

The air circulation rate for the entire plant is 62,000 CFM.

The climate of the area surrounding the plant is similar to that

- of the Salt Lake City, Utah area.

The following CIP cleaning cycles are needed each day:

1

1

1

4

I

1

Cream H1ST Pasteurizer (Acid Wash)
Plate heat exchanger (Acid Wash)
Tanker Truck

Cream tanks and pipeline systems

7 cycles/day

The following batches of items must be cleaned manually each day:

1

|

Churn
Separator, butter packaging equipment
Positive displacement pumps and butter handling tools

Balance tanks, buttermilk strainer

4 batches/day
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8. There are two- 1/2 horsepower fans which circulate air in the
cold room.

9. The sizes of the rooms in the plant are:

ROOM Floor space (ft.z) ~ volume (ft.3)
Offices, lunch, locker, and restroomé 2715 272150
Processing rooms ' 3889 _ 54,446
Evaporating and Drying Rooms ’ . 3531 60,027
Cold Storage Room ‘ ‘ 1560 21,840
Powder Storage Room . 3022 - 51,374
Boiler and Refrigeration Rooms | 2980 50,660
Receiving Shelter | S 1440 _ 24,480
Hallways 1016 10,160

TOTALS 20,153 300,137

The following tablés represent most of the energy requiremehts for
'perucing butter. The estimating procedure for each energy requirement is
found in the EﬁergyvCalcﬁlation Section under the Energy Calculation Number
given. A layout of a plant producing butter and dried milk products follow

the tables.




Table 5-8a. Typical electrical energy uses per pound of butter.

Process Calculation Energy Use v

. Number (BTU/1b)
Pumping Milk 1.08 1.2 4.0
Separation 3.08 2.0 6.6
CIP Pumps 5.08 }v4 24.6
Air Compressor ' 8{08 A‘  0.2 ' 0.7
Cold Storage Room Fans 9.08 3.6 ' 12.0
Heating and Air Cond. Fans 10.08 5.3 17.6
Boiler Fan 11.08 1.5 5.0
Cooling Tower Fans 12.08 3.3 10.9
Lights and Misc. Motors 13.C8 3.2 10.6
Churning ‘ 14.08 W 8.0
Total » 30.1 100.0

Table 5-8b. Typical steam energy uses per pound of butter.

Calculation Energy Use

- Process Number ~  (BTU/1b) “
Cleaning - CIP | 115.08 429 69. 4
Cleaﬁing ~ Manual 16.08 68 11.
Heating the Plant 19.08 9 1.
Product Heating 19.08 102 16.
Steam Line Losses | 20.08 10 1.

Total 618 100.




Table 5-8c. Typical refrigeration requirements per pound of butter.

Uses of Refrigeration- Caéﬁiézgion l SZZ$;gg : N %
- ‘ (BTU/1b) :
.Céld Storage Room ) .22.08 - 65 ' 25.9
Air Conditioning ©23.08 1 . 0.4
Product Cooling : 24.08 154 o 61.4
Cooling Line Losses ‘ 25.08 31. - _ 12.3

Total 251 100.0

With a coefficient of performance of 2.86 for the refrigeration system
as defined in'Energy Calculation No. 28.02, the electrical energy needed to

deliver thé above. cooling load is:

BTU :
(251 5 hutcer = 88 Ty gzgter
2.86 ‘ ’

Table 5-8d. Total energy cost per pound of butter.

Unit Price¥* FossilvFuel

Type of Energy Energy Use 8 Dollar Cost Equivalent®
(BTU/1b) % 5 (BTU/1b.)
107 BTU (1b) )
Electrical
1. Lights and motors 30 ' - 7.32 0.00022 90
2. Refrigeration 88 - 7.32 0.00064 264
Steam ‘ 618 1.33 = 0.00082 742
Total 0.00168 1096

% ' ' ‘
‘Unit prices and fossil fuel equivalent factors are defined in Energy
Calculations Nos. 28.01-28.06. ' ’
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Section 5-9

DRIED MILK PRODUCTION

Description

As raw milk is received, it is weighed'and pumped to a storage tank.
The raw milk is then warmed by a plate heat exchanger to 85°F and pumped
to a separator. Wafming the milk increases fhe separator efficiency. The
warm skim milk, after returning to the separatér, is cocled in the
regeneration and éooling sections to 4C°F., The cool skim milk is stored
until the drying operaticn s ready to begin. The cream from the separator
continues on to a butter making operation.

The milk drying operation can be viewed as.a continucus operation once
it is put intc motion. - The first step is pumping the skim milk to a double
-effect evaporator. The skim milk is fed into twg preheaters which uses vapor
removed from the skim milk in the evaporator to heat.the incoming skim milk.
In the final stream-fed heater the temperature of £he skim milk is raised to
either 165°F or 195°F depending on whether high or low heat powder is desired.
The 9% solid skim milk flows through the evaporator and‘exits as a 407
solids concenﬁrate at 115°F. The concentrate is rewarmed to 165°F and
pumped by a high pressure pump to the spray drier.

The high pressure concentrate is sprayed into a hot air stream in the
spray drier which removes all but about 3.0% of the moisture. The dried
gkim wilk then enters a cyclone to separate the air and milk particles after

which the skim milk powder is cecllected and bagged.
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Energy Inputs intc Dried Milk Production

The energy inputs into dried milk production will be based on a plant
processing 1,750,000 pounds of milk per week%ﬁ The plant will operate seven
days a week making 21,150 pounds of dried milk powder per dey. The following
assumptions will be made ebout the plant.

1. The plant will also produce instantized dried skim milk, butter, and

dried buttermilk.

2, To make 21,150 pounds of dried skim mi%k powdei réquires the

consumpfion of 227,500 pounds of skim milk.

3. The steam required to concentrate high heat powder is assumed

approximately equal to that for iow heat.

(4. The air circulation rate for the entire plant is 32,000 CFM,

5. Tﬁe climate of the area surrounaing the plant is similar to that of

the Salt Lake City, Utah area.

6. The following CIP cleaning cycles are needed each day:

- Milk teanks, and pipeline systems

- Tanker trucks

I

5
8
2 Double effect evaporator (Acid Wash)
1 - Spray dryer
16 cycles/day

7. The positive displacement pumps and powder packaging parts must be

cleaned manually each day in one batch.
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8. The sizes of the rooms .in the plant are:

Room “Floor‘space'(ft.fl_ »yolume (ft.3)
Offices, lunch, locker, and restrooms ‘2715 27,150
Procegsing rooms ‘ . 3889 54,446
Evaporating and drying rcoms - 3531 ' 60;027
Cold Storage Room 1560 | 21,840
“'Péwdér Storage Room - , 3022 : 51,374
Boiler and Refrigeration Rooms . 2980‘ A 50,660
Receiving Shelter o o 1440 24,480
Hallways. - S - 1016 10,160

TOTALS K 20,153~ 300,137

The following tables represent most of the enérgy requirements for
producing dried milk; 'The.estiﬁating procedure for each energy requirement
is found in the Energy éalculatioﬁ Section under the Energy Calculation'
~Number given‘with the energy cost. A layout of a plant producing butter and

‘dried milk products is given in the section describing butter production,




lable 5-9a. lypical electrical energy uses per pound of dry milk.

Calculation Energy Use

g

Process Number (BTU/1b)

Pumﬁing Milk 1.09 : 5.4 1.9
Separation 3.09 A 10.8 , 3.9
CIP Pumps ©5.09 9.0 3.2
Double Effect Evapofator 6.09 17.3 6.2
Spray Drying 7.09 - 117.5 42.2
Air Compressor 8.09 2.2 0.8
Heating and Air Cond. Fans '10.09 50.5 18.1
Boiler Fan ' 11.09 14,7 5.3
Cooling Tower Fan | 12.09 20.6 7.4
Lights and Misc. Motors 13.09 30.3 10.9

Total 278.3 100.0

Table 5-9b. Typical steam energy uses per pound of dry milk.

Steam Energy Use Caézgiziion E?;;S;lgfe 7%
Cleaning - CIP ‘ 15.09 485 12.8
Cleaning - Manual 16.09 9 - 0:2
Double Effect Evaporator 17.09 2879 75.8
Heating the Plant 18.09 88 2.3
Produét Heating 19.09 243 - 6.4
Steam Line Losses 20.09 92 2.4

Total . 3796 100.0




N

Table 5-9c. Typical uses of refrigeration per pound of dry milk.

Uses of Refrigeration Caés;iizion SZZiZSg , %

' - (BTU/1b)
Air Conditioning' | 23.09 11 8.5
Product Cooling . 24.09 97 74.6
Cooling Line Losses | 25.09 22 ' < 16,9
Total Al30 o 100.0

With a coefficient of performance of 2.86 for the refrigeration system
as defined‘in Energy Calculation No. 28.02, the electrical energy needed to

deliver the above cooling load is:

. BTU
(130 1b powder') = 45 ig~§%gag;
2.86 pows

Table 5-9d. Typical natural gas energy requiremeht per pound of dry
"milk powder. '

Direct Uses Calculation Amount y
of Natural Gas Energy Number (BTU/1b) )
Sbray Drying 27.09 3102 100.0

‘Total 3102 100.0




Table 5-9e. Total energy cost per pound of dry milk.
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Unit Price*

Dollar Cost

Fossil Fuel

: ' Energy Used Equivalent®
Type of Energy (BTU/1b) -6$ __igy (BTU/1b)
10° BTU (1

Electrical

1. Lights and motors 278 7.32 0.0020 834

2. Refrigeration 45 7.32 0.0003" 135
Steam 3796 1.33 0.0050 4555
Natural Gas 3102 1.06 0.0033 3102
) (for spray drying)

- Total 0.0106 8626

%

Calculations Nos. 28.01-28.06.

Unit prices and fossil fuel equivalent factors are defined in Energy
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Section 5-10

INSTANTIZED DRIED MILK PRODUCTION

‘Description

Low—heaﬁ dried milk which is sold for ﬁousehold consumption can be
"instantized" for increasedbsolubility. The instantizing process consists
of adding moisture to the dried milk powder and redrying. The moisture content
of the powdered milk is increased to about 10% by steam injection and/or a
high pressure water gpray. The wet particles are subjectea to.sbme'form
of turbulance where they collide and form clusters. The clusters are redried
with hot air, cooled, and then,sizéd to eliminate large agglomerates. After
the product ié bagged it is ready for shipment.

Enérgy Inputs into Instantized Milk Production

The energy inputs‘into instantized milk production will contain oniy those
costs directly associated with the insﬁadtizimg process., This is because the
instantization of dried milk is optional. Thus the total energy cost of
obtaining instantized dried milk is derived by adding the dried milk
energy costs to the energy costs estimated here. The energy costs will be
based on a plant processing 1,750,000 poqndé of milk per week and producing
10,575 pounds of instantized milk per week14 The following assumptions will

be made about the plant.

1. The plant will also produce dried skim milk, dried buttermilk, and
butter.
2. DNo losses will occur in the instantization process. Thus one pound

of dried skim milk will be converted to one pound of instantized

skim milk.
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Figure 5-10a. Flow chart showing instantized .milk production.
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3. The additional equipment and space needed for the instantizing
process will not significantly increase the energy costs of heating,
lighting, air.conditioning, or other indirect energy costs.

4, OneFCIP cleaning cycle will be ﬁeeded each day ﬁo clean the

instantizer equipment,

The following tables represent most of thé energy requirements for
producing the instantizing process. The esﬁimating proceduré for each energy
requirement is found in the. Energy Calculation Section under the Energy
Calculation Number given with the energy cost. A layout of a plant producing
butter, instantized dried milk, and dried milk products is given in the

section describing butter production.




Table 5-10a. Typical electrical energy uses per: pound of instantized
milk powder.

Process Caléulation Energy Use - y

. - Number - (BTU/1b) . o
Instantizer o 14.10 . 44.9 100.0
Total 46.9 ~100.0

Table 5-10b. Typical steam energy uses per pound of instantized m11k

powder.
- Calculation Energy Use 9
P?ocess Number (BTU/1b) %
Instantizer = 21.10 595 91.3
Cleaning - CIP - 15.10 57 8.7
Total : 652 ©100.0

Table 5-10c. Uses of refrigeration per pound of instantized milk powder.

Cooling

Uses of Refrigeration Caéﬁiizilon Needed _ %
(BTU/1b)
Instantizer air cooling 26.10 36 . 100.0
Total 36 , 100.0 -

With a coefficient of performance of 2.86 for the refrigeration system
as defined in Energy Galculation No. 28.02, the electrical energy needed to

deliver the above cooling load is:

BTU
(36 1b ﬂ})\hdev—. o 1'7 BLIZU——*—
S e 1b powder

2.86




Table 5-10d. Total Energy cost per pound of instantized milk powder.

‘ : Eher Use Unit Price¥* Dollar Cost Fossil Fuel

Type of Energy (BTS?lb) $ $ Equivalent*
l06- BTU (1b) | (BTU/1b)

Electrical ‘ ,
1. Lights and Motors 45 7.32 0.00033 135
2. Refrigeration 13 : 7.32 : 0.00010 39
Steam } 652 1.33 0.00087 782
Total , ' 0.00130 956
*

Unit prices and fossil fuel equivalent factors are defined in Energy
Calculations Nos. 28.01-28.06. '
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- Section 5-11

DRIED BUTTERMILK PRODUCTION

. DescriEtion

The buttermilk referred to in this description is the fluid expelled
during buttér making. The buttermiik is filtered as it is drained from
the butter. It is then pumped through a plate cooler which lowers the
temperature from 50°F to 35°F., The cooled buttermilk is stored until
sufficient quantity is gathered to justify further processing. At this
point- the buttermilk contains about 9.0% solids, .

The next step in processing is concentration in a double effect evaporator.
The buttermilk is warmed before enfering the evaporator by two vapor heaters
using vapor removed frbm buttermilk already in the evaporator as a heat
source, énd’a final heater using steam as a heat source. The buttermilk
entersAthe evaporator at about 165°F and leaves at 115°F as a 40% solids
concentrate., As the concentrate is removed from the evaporator it is
reheated again to 165°F and compressed by a high pressure pump. The concentrate
is spray dried to about 3.0%.moisture. The bgttermilk powder is collected,

bagged and stored until shipment.
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Energy Inputs into Dried Buttermilk Production

The energy inputs into dried buttermilk proddction will be based on a
blant processing 1,750,000 pounds of milk evéry week.l4The plant will operate
seven déys a week making 1,046 pounds of dried buttermilk per day. The
following assumptions will be made about the plant.

1. The plant will also produce instantized-dried milk, dried milk, and

butter,

2. To make 1,046 pounds of dried buttermilk at 3.0% moisture requires

the consumption of 11,250 pounds of 9.0% solids buttermilk.

3. 'The air circulatibn rate for the entire plant is 62,000 CFM.

4, The climate of the area surrounding the\plant is similar to that of

the Salt Lake City, Utah area.

5. The following €IP cleaning cycles are needed each week:

4 - Buttermilk tanks and pipeline systems
1 - Spray Drier

2 - Double Effect Evaporator (Acid Wash)
7 cycles/week

This wo@ld translate to about one CIP cleaning cycle per day.
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6. The sizes of the rooms in the plant are:

ngi: o Flodf>spécg (ft;z) volume (ft.3)

OEfices, iunch, locker, and restrooms 2715 o 27,150
Processing‘rooms o : | 3889 54,446
Evaporating and drying rooms 3531 60,027
Coid storage ?oom _ 1560 21,840.
Powder stérage room 3022 - 51,374
Boiler and refrigeration rooms ‘ ;'2980 50,660
Receiving Shelter S 1440 ‘ 24,450
Hallways . - , | | 1016 10,160

| TOTALS 120,153 300,137

The following tables répresent most of the energy requirements for producing
dried buttermilk. powder. The estimating procedure for eéch energy requirement
is given in the Energy Calculation section.under the Eneréy Calculation Number
given with the energy cost. A’léyout éf a plant produciﬁg butter, dried
buttermilk, and dried milk products is given in the sect;on describing

butter production. .




Table 5-1la. Typical electrical energy uses per pound of dried buttermilk

powder.
Calculation  Energy Use o
Frocess Number (BTU/1b) -
Pumping Buttermilk 1.11 ' 3.2 o 1.1
CIP Pumps 7 ©5.11 16.0 5.6
Double Effect Evaporator 6.11 17.3 6.1
Spray Drying 7.11 117.5 41.4
Air Compressor : ' 8.11 0.4 ' 0.1
Heating and Air Cond. Fans 10.11 56.7 . 20.0
Boiler Fan “11.11 | 16.6 : 5.9
Cooling Tower Fan ' 12,11 - 217 7.7
Lights and Misc. Motors “13.11 34.1 12.0
Total ‘ 283.5 100.0

Table 5-11b. Typiéal steam energy uses per pound of buttermilk powder.

Process Calculation Energy Use g

Number (BTU/1b)
Cleaning -~ CIP 15.11 578 . 15.3
Doulbe Effect Evaporator 17.11 2879 76.3
Heating the Plant 18.11 99 2.6
Product Heating 19.11 113 3.0

Steam Line Losses 20.11 103 2.7

Total 3772 100.0




-Table 5-11lc. Uses of refrigeration per pound of dried buttermilk powder.,

Calculat ion. Cooling
Uses of Refrigeration aﬁC;bZr o1 Needed %
o (BTU/1b)
Air Conditioning 23.11 13 ‘ 6.2
Product Coolingv 24.11 162 77.1
Cooling Line Losses | 25.11 35 16.7

Total 210 100.0

.With a coefficient of performance of 2.86 for the refrigeration
system as defined in Energy Calculation No. 28.02, the electrical energy

needed to deliver the above cooling load is:

(210 —2LY_y BTU
1b powder = 73 15 powder
2.86 P .

Table 5-11d. Natural gas energy costs per pound of dried buttermilk

powder.

Direct Uses of Calculation Amount - v
Natural Gas Energy Number (BTU/1b) )

Spray Drying ' 27.11 3102 100.0

Total | 3102 100.0




Table 5-1lc. Uses of refrigeration per pound of dried buttermilk powder.

Cooling

Uses of Refrigeration Caés:iz;ion Needed %
(BTU/1b)
Alr Conditioning 23.11 13 6.2
Product Cooling : 24,11 162 77.1
Cooling Line Losses id 25.11 35 16.7
Total 210 100.0

With a coefficient of performance of 2.86 for the refrigeration
system as defined in Energy Calculation No. 28.02, the electrical energy

needed to deliver the above cooling load is:

BTU
10 o cder ) = 73 13*535335
2.86
Table 5-11d. Natural gas energy costs per pound of dried buttermilk
powder.
Direct Uses of Calculation Amount y
Natural Gas Energy . " Number - (BTU/1b) °
Spray Drying 27.11 3102 100.0

Total . 3102 100.0




Table 5-1le. - Total energy cost per pound of dried buttermilk powder.

Unit Price*

Doliar Cost .

Energy Use’ Fossil Fuel

Type of Energy ‘(BTU/1b) - $ $ Equivalent*
B 106 BTU (1b (BTU/1b)

Electrical
1. Lights and motors 284 7.32 0.0021 852
2. Refrigeration 73 7.32 0.0005 219
Steam 3772 1.33 0.0050 4526
Natural Cas 3102 1.06 © . 0.0033 3102
(for spray drying)

0.0109 8699

‘Total

Unit prices and fossil fuel equ1valent factors are defined in Energy

Calculatlons Nos.

28 Ol 28.06.
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N . . ‘ Section 5-12-

© EVAPORATED MILK PRODUCTION

Description

Evaporated milk is whole milk whose solids concentration has been
doubled by evaporation. The production is outlined below.

First, incoming milk is weighed, cooled and stored té await.further
processing. The raw milk is withdrawn from the storage tank and pumped
through a clarifier and oﬁ to Standardizipg tanks. Some of the milk
going to the standardizing tanks is separated so as>to standardize the milk
which is to be evéporated, to 4.0% fat and.iB% total solids; |

The next step islevaporation. The standavdized milk is warmed to 205°F
before entering the evaporator to improve the heat stability and viscosity
‘Of the finished product. The milk then enters the evaporator and soon
.aﬁtérwards.exits as a 26% total solids concentrate at 115°F. The wérm
evaporated milk'is homogenized at a total pressure of 3000 psig and is
pumped through a plate cooler to lower the temperature to 4Q°F.

‘The cooled‘evaporated milk ié checked for total solids and fat content
and restandardized if necessary. The finished product should contain at
least 26.0% total solids and 8% fat. The evaporated_milk‘is then placed in
cans and sealed. he cans are placed in a retort which raiseS'the.temperature
of the evaporated milk to 245°F. The cans are considered sterilized after
this temperature is held for 15 minutes. The evaporated milk éans_are cooled,

dried, labeled, and packaged and are ready for shipment.
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Energy Inputs into Evaporated'Milk.Production
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The energy inputs to evaporated milk production will be based on a

plant proceésing 2,000,000 pounds of milk every week. Evaporated milk will

be the only product produced by the plant. Thé size and components of the

plant will be based on several evaporated milk plant descriptions. The

following assumptions will be made about the plant.

1.

Two pounds of whole milk will be consumed in making one pound
of evaporated milk.
The air circulation rate for the entire plant will be 76,000 CFM;
The-plant willVOPerate seven days a week,
About one third of the incoming raw.milk muét'be separated for
standardization purposes. ,
The climate of the plant area is‘similar to that of the Salt
Lake City, Utah é}ea;
The following.CIP cleaning cycles are needed’éachvday:

10 - Tanker trucks

5 =~ Milk tanks and pipeline systems

2 - double effect evaporatof (Acid Wash)

‘17 cycles/day

7. The clarifier, three positive dispiacement'pumps, and the canning .

equipment parts are cleaned manually in two batches.
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8. The sizes of the rooms in the plant are;

Room ﬁioor‘spaée (ft.2) yolume (Ft.3)
Processing and Evaporating Rooms 8,000 112,000
Offices, lunch, locker, and restrooms . 2,700 24,300
Boiler and refrigeration rooms 3,300 46,200
Cold étorage roém 100 1,000
Dry storage room 2,000 28,000
Canned product storage 3,000 | 42,000
Receiving shelter 1,400 ' 19,600
Labs, shop and misc. B 1,300 18,000

TOTALS 21,800 291,100

The following tables represent most of the energy inputs into evaporated
milk production. The estimating procedures for each energy requirement is
given in the Energy Calculation Section under the Energy Calculation Number

given with each energy cost.




Table 5-12a. - Typical electrical energy uses per pound of eVaporated milk,

Process - Calculation Energy Use y
- A Number (BTU/1b)
Pumping Milk ' 1.12 | - 3.0 6.8
Clarification 2,12 2.0 4.5
Separation . - ': 3.12 | 0.7 : 1.6
HomogenizaﬁiOn : 4,12 10.8 24,3
CIP Pumps ;‘ ‘ 5.12 1.4 ' 3.2
Double Effecf Evaporator o612 2.1 4.7
Air Compressor 3 A 8.12 | 0.4 : “O.9
Cold Storage Roém Fans 9.12 0.1 0.2
Heating and Air Cond. Fans 10.12 12.1 27.3
Boiler Fan | 11.12 2.4 ’ ‘5;4
Evéporative Cooliﬁg Tower Fans 12.12 ‘ 4.0 ' ' 9.0
Lights and Misc. Motors 13.12 5.4 12.2
Total Y 100.0

Table 5-12b. Typical steam energy uses per pound of evaporated>milk.

Process Calculation Energy Use g
Number (BTU/1b)
Cleaning -~ CIP : 15.12 76 9.0
Cleaning - Manual | 16.12 13 | ' 1.5
Double Effect EBvaporator 17.12 344 40.7
Heating the Plant 18,12 21 2.5
Product Heating 19.12 80 9.5
Steam Line Lesses 20.12 18 2.1
Sterilization of canned milk 21.12 293 : 34.7

Total 845 100.0




1apie d>-Lzc, Uses of refrigeration per pound of evaporated milk. '’

Uses‘of Refrigeration Ca;§:i2§10§ SZZiizg
(BTU/1b)
Cold Storage Room 22.12 : 1
Air Conditioning | 23.12 2
Product Cooling ' 24.12 83 A 80.6
Cooling Line Losses 25.12 17 16.5
rocal | 103 100.0

With a coefficient of performance of 2.86 for the refrigeration

system as defined in Energy Calculation No. 28.02, the electrical energy

needed to deliver the above cooling load is:

~_BTU '
.1b evap. milk ) = 36 BTU -
.86 1b evap. milk

(103

Table 5-12d. Total emergy cost per pound of evaporated milk.

- , Fne Us Unit Price%* Dollar Cost -Fossil Fuel
Type of Energy ?B%gilb)ev S , S Equivalent#
v 10° rU (1b) (BTU/1b)
Electrical _
1. Lights and Motors 44. 7.32 0.00032 132
2. Refrigeration 36 7.32° 0.00026 108
Steam 845 1.33 0.00112 1014
Total ’ 0.00170 1254
*

Calculatione Neog., 28.01-28.064,

Unit pricesAand fossil fuel equivalent factors are defined in Energy

|
[
|
|
|
]
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Section 5-13 4

ICE CREAM PRODUCTION

Descrigtion

Ice Cream can be made with a variety of ingredients and may or may
not use fresh milk in the mix. Many plants use 40% fat cream, condensed
milk, and non-fat dry milk in making their mix. Liquid sugar, corn syrup,
corn syrup solidé, and dry sugar are used in different combinations as
sweetners. No matter ﬁhat ingredients are used, the mix composition is
about the same; Arbucklélstatesvthat a good average ice cream has the

following composition:

Fat ; - 127
Milk solids, nothfat - 11%
Sugar - A15%
Stabilizer and

Emulsifier - 0.3%
TOTAL SOLIDS 38.3%

Tce Cream is defined by federal standards to contain not less than 10% milkfat
and 20% total milk solids, except in the case of bulky flavors;

The firsﬁ step -in making ice cream is aséembling and mixing the ingredients
to make the desired composition mix. Next the mix is pasteurizéd. Pasteurization
can be doﬁe in the vat by heating the mix to 160°F'for 30 minutes. An
alternate method . is using a HTST pasteurizer and heating the mix to 180°F
for 15 seconds. After pasteurization and while the mix is still hot, it is
run through a homogenizer set at 2000 psig on the first stage and 500 psig

on the sccond. The mix, which has gained 5°F during homogenization, is cooled
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from 185°F to 40°F. Flavoring can be either added and mixed in the

storage tank or it can be added as the mix is pumped to the freezer. The

mix can also pass through a fruit feeder which adds fruit prior to freezing.
The mix is fed-into a coﬁtinuous freezer which lowers the temperature

to about 21°F and freezes about 65% of the water. Another function of the

freezer is to entrain air into the ice cream. The volume of air entrained

during the freeziﬁg process divided by the original volume of the mix and

multiplied by 100 is defined as the "percent overrun". Ice cream overrun

-varies from 70% to 100%.

| The semi-fluid ice cream is packaged and placed in the hardening room

to cool to —-20°F. The hardened ice cream is then ready to be shipped.

Energy Inputs into Ice Cream Production

The energy inputs into ice cream production is based on a plant producing
1,000,000 gallons of ice cream per yeagp The plant will operate five days
per week making_19,231‘gallons of ice cream per week. The following assumptions
are ﬁade about the plant, |
1. TIce cream is the only product made by tﬁe plant.
2. The finished ice cream will have 85% overrun and one gallon will
weigh 4.95 pounds,

3. To make 19,231 gallons of ice cream requires 10,395 gallons of ice

cream mix made from:
40% cream 23,784 1bs.
30% concentrated skim milk 32,183 1bs.
Liquid sugar 18,184 1bs.

Corn syrup 3,992 lbs.




Emulsifer f ‘52 1bs.

. Stabilizer . 288 1bs.
Water 16,632 1bs.

Total ‘ 95,115 1bs.

Thus one gallon of ice cream mix weighs.9.15 pounds.

4.

5.

The air circulation rate for the entire plant‘is 63,000 CFM.
The climaté ﬁhe plant 1s located in is similar to that of the
Salt Lake City, Utah area. |
Thé following CIP’cleaning‘cycles are needed each day.
v 1 - UTST (acid wash)
1 - Tanker truck
5 - Storage taﬁks and pipeline systems

7 cycles/day |
The ice cream freezer, the packaging equipment, positive disp
pumps, and the fruit feeder are clganed manually each day in -
batches,
The sizes of the rooms in the plant are:
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lacement

three

Room Floor space (ft.z) volume (ft.3)

Offices; labs, 1ockerrlunch and |
Restrooms 4,400 - 39,600
Précéssing-and fréezing rboms : ‘4,863 68,082
Dry storage room | 5,784 . . 80,976
uardéning Room A 3,550 49,700
Cold storage room | 388 5,432
Boiler and'Refrigeration room 2,336 32,704
Receiving area : 1,282 17,948
Kitchen . | ] 378 5,292

TOTALS 22,981 299,734




5-104

9. There are 4 — 3/4 horsepower fans in the hardening room and 1 - 1/2

horsepower fan in the cold room to circulate air.

The following tables relate most of the energy requirementAof pfoducing
ice cream. The estiﬁatiﬁg procgdureé for éach energy requirement is given
in the Energy Calculation Section under the Energy Calculation Number given
with each energy cost. A plant layout showing an ice cream plant dimensions

and components is given after the tables.




Table 5-13a. Typical electrical energy costs per géllon of ice cream.

Process: CalCulationll - Amount l o v
o R Number (BTU/gal)

‘E"umping.lngrediants 1.13 3.0 | 0.2
‘Homogenization . 4,13 | 52.0 | 4.2
CIP Pumps . o ' 5.13‘ | 21.7 1.8
Air Compressor 8.13 | 18.9 1.5
Cold Storage Room Fang - - 9.13 - 51.9 | 4,2
Heating and Air Coﬁd; Fans  10.13 369.3 ©30.1
Boiler Fan . 11.13 126.3 -~ 10.3
Cooling Tower Faps- : 12,13 >25.0 2.0
Lights and Misc¢, Motors 13.13 366.1  29.8
Agitation of Ice Cream Mix | 14.13 5.5 » 0.4
Ice Cream Freezer. 1413 187.1 15.3
Total 1226. 8 100.0

Table 5-13b. Typical-sfeam'énergy costs per gallon of ice cream.

- Process Calcuiatioﬁ Amount ‘ %.
o Number (BTU/gal)
Cleaning - CIé 15.13 1176 36.5
Cleaning - Manual 16.13 150 4.7
~ Heating the Plant 18.13 954 - 29.6
Product Heating . 19.13 138 4.3
Steam Line Losscs 20.13 804 25,0

Total : 3222 100.0




Table 5-13c. Uses of refrigeration.
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Uses of Refrigeration Caézzézgion ;ZZizgg %
‘ (BTU/gal)

‘Hardening Room | 22.13 1643 58.3
Cold Storaée Room 22.13 95 3.4
Air Conditioning ‘ 23.13 133 4.7
Product Cooling 24.13 243 8.6
Cooling Line Losseé' 25.13 75 2.7
Ice Cream Freezer 26.13 630 | 22.3

rotal | 2819 ©100.0

" With a coefficient of performance of 2.86 for the refrigeration system

as defined in Energy Calculation No. 28.02, the electrical energy needed to

deliver the above cooling load is:

BTU
) - BTU
gal. Ice Cream | 986 gal. Ice Cream

2.86

Table 5-13d. Total energy cost per gallon of -ice cream.

(2819

-

; ‘ , Unit Price% Dollar Cost Fossel Fuel
. Amount Used X
Type of Energy (BTU/1b) S $ Equ1val¢nt*
. , 10% BrU (1b) (BTU/1b)
Electrical
1. Lights and Motors 1227 7.32 0.0090 3681
2. Refrigeration . 986 7.32 0.0072 2958
Steam : 3222 1.33 0.0043 3866
Total 0.0205 10, 505

*

Calculations Nos. 28.01-28.06.

Unit prices and fossil fuel equivalent factors are defined in Energy
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Section 5-14

PROCESSED CHEESE PRODUCTION

Description

Processed cheese is made from natural cheese and.emulsifying salts.

The function of the gmulsifying salts is to form a more stable emulsion
which prevents oiling-off of fat in the cheese at room temperatures. Also
t he heaé treatmént given to the processed cheese is equivalent to a
pasteurization process. Hence,~a large portion of the microbial‘load is
destroyed and body and flavor changes during storage are brought to a
minimum. Consequently, the maximum permissible sto;ége temperature for
processed cheese is considerably higher than natufal typesvof cheese.

A processed cheese factory would have natural cheese‘beihg delivered |
to it. A common‘method'of deli&ering the cheese is in 55 gallén drums. The
cheese .is put into cold storage at 40°F as it is delivered. Samples of each
batch are analyzed for fat and water confent.

The processing begins by selecting, fyom the‘cheese stock, the lots
of cheese which would gi&é the desired flavor, fat, and water conteﬁt. The
legal definition for processed cheese requires it contain no more than 3%
emulsifying salts and its fat and moisture content be equal to the fat‘and
moisture content of the cheese from which it is derived. The calculated
amount needed from each lot of cheese is brought to the grindére The surfaces
of the cheese blocks are scraped before entering the grinder to remove any
mold and wax present. After the cheese has been pulverized by thé grindér,
it is fed.into the cheese kettles or cookers. .The emulsifying salts and

any water or flavoring and coloring ingredients desired are added at this time.
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The cook begins by heating the cheeSe in the cooker until'its.temperature
reaches about 160°F. The heating can be done‘by a jacketed’steam vat or
by direct steam injection; The éheese is agitated while Being heated and
after being at 1606F for three.minutes, the cooker is emptied. The»bot plastic
mass can be poured into foil-lined or plastic coated boxes'qr it can be
pumped to a cooling belt to be éxtruded out in a thin layer. On the cooling
belt the cheese is cooled to 50°F with a glycol-water solution circulated
on‘the other side. With the cheese cooled it is firm enough for sliéing and'
packaging.

After packaging the processed cheese is placed in a 40°F cold room to

lower the temperature to 40°F before shipment.

Energy Inputs into Processed Cheese Production

The energy input to proceséed cheese production is based on a plant
producing 280,000 pounds of processed cheese every day. The size and
components of the plant are derived from several processed cheese plant
descriptions. The following assumptions will be made dbout the plant.

1. Only processed cheese will be_méde in the plant.

2. There are 0.97 pounds of natural cheese‘ponsumed for every pound of

processed cheese produced,

3. The plant will operate 6 days a week with two 8 hour shifts each day.'

4. The total air circulation rate for the entire plént is 90,000 CIM.

5. The climate of the area of the plant location will be similar to that

of the Salt Lake City, Utah area.




6. Four~ three horsepower fans circulate air in the cold
7. There will be 8 CIP cleaning cycles each day to clean

These-are acid washes.

8. The sizes of the rooms in the plant are:
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room.

the cookers.

Room Floor”spéée (ft.z) volume (ft.3)

Offices, lunch, locker, and restrooms '4,875 48,750
Processing rooms 13,000 208,000
Cold storage room 12,000 240,000
Boiler and refrigeration rooms . 2,500 40,000
Dry storage areas | 13,000 156,000
Shop and.hallways 4,875 58,500

751,250

TOTALS 50,250

The following tables represent estimatres of most .of the energy requirement

in producing processed cheese. The estimating procedures are found in the

Energy Calculation Section under the Energy Calculation Number given with

the energy cost.




Table 5-14a. Typical electrical energy costs per pound of processed

cheese.

Process Calculation Amount v

oce Number (BTU/1b) ’
Air Compressor 8.14 0.2 0.3
Cold Storage Room Fans 9.14 2.0 2.8
Heating and Air Cond. Fans 10.14 7.2 10.2
Boiler Fan 11.14 1.4 2.0
Cooling Tower Fans 12.14 1.4 2.0
Lights and Misc. Motors 13.14 7.4 10.4
Grinding 14.14 44.9 63.3
Agitation During Cooking 14.14 4.5 6.3
Packaging Machines 14.14 1.9 2.7
Total 70.9 100.0

Table 5-14b. Typical steam energy costs per pound

of processed cheese.

Process ‘Calculation Amount g

Number (BTU/1b) ’

Cleaning ~ CIP 15.14 26 8.8
Heating the Plant 18.14 - 24 8.1
Product Heating 19.14 72 24.4
Steam Line Losses 20.14 18 6.1
Processed Cheese Plant Cleaning 21.14 155 52.5
Total 295 - 100.0




Table 5-1l4c. Us8s of refrigeration.

5-114
Uses of Refrigeration Caészi:iion 5223;38 7%
(BTU/1b)
Cold Storage Rooms 22.14 ‘ 22 21.2
Air Conditioning 23.14 , . 2 1.9‘
Product Cooling 24.14: 66 63.5
Cooling Line Losses 25.14 14 13.4

" Total 104 100.0

With a coefficient of performance of 2.86 for the refrigeration system
as defined in Energy Calculation No. 28.02, the electrical energy needed to

deliver the above cooling laod is:

BTU
(104 —————) _ ___BTU
1b cheese 36 1b cheese

2.86

Table 5-14d. Total energy cost per pound of processed cheese.

» Améunt Used Unit Price* Dollar Cost Fossil Fuel

Type of Energy (BTU/1b) $ $ Equivalent*
106 BTU (1b) (BTU/1b)

Electrical ‘
1. Lights and motors 72 7.32 0.00053 216
2. Refrigeration 36 7.32 0.00026 © 108
Steam ‘ 295 1.33 0.00039 354
Total ' 0.00118 678
"

Unit prices and fossil fuel equivalent factors are defined in Energy
Calculations Nos. 28.01-28.06.
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Section 5-15

COMPARISON OF CALCULATED ENERGY INPUTS WITH SURVEY DATA

Over 406 questionnaires were mailed to déiry processors in the five
state region of California, Oregon, Idaho, Utah, and Nevada. Factors such
as the highly competitive nature of the dairy industry perhaps contributed
to the result that only 36 responses were received.

The 36 responding plants covered a wide spectrum of products and pro;
vided valuable information. However, the variation in energy inputs report-
ed together with a sufficiently insignificant number did not provide'a firm
basis for detefmining realistic energy inputs. We, therefore, put greatef
reliance on the calculated values than on the survey results. Table 5-15a
provides a comparison between average values of the survéy data and our cal-
culated values. This comparisoﬁ indicates that the calculated values are
almost certainly conservative. Also, the survey showed that our calculated
values would be typical of a large energy efficient plant. Survey values
which double our calculated values are not surprising since there exists

wide variation in the efficiency of dairy processing equipment and procedures.




Table 5-15 Comparison of energy requirements for dairy products from survey information and

from calculated values.

Fossil Fuel Energy Fossil Fuel Energy Electrical Energy Electrical Energy No. of |
Consumed Cost . Consumed Cost Plants Used
Product to calculate
. ) the
survey predicted survey predicted survey predicted survey predicted | &verages
average average average ] average |
Fluid BTU BTU $0.0054 $0.0017 BTU BTU $0.0067 $0.0035
= == . == === el = 4
Milk 2702 gal 1508 gal gal gal 1575 gal 1508 gal gal gal
Cheddar 1. . ]
Cheese BTU BTU $0.0060 $0.0031 BTU >, BTU $0.0019 $0.0039
224 : 227 220 220 RASA-A-LTH RAAR-A LA 5
(Neglecting | 2°*° Tp 2783 73 b 1b 366 73 333 % 1b o
Whev Drving)i
Cheddar .
Cheese BTU BTU $0.0080 $0.0090 BTU BTU $0.0042 $0.0056
(Including 10,8221b . 8265 1t 1b 1b 832 1b 766 1b 1b 1b -1
Whey Drving) )
Cottage BTU _ BTU $0.0015 $0.0012 BTU BTU $0.0036 $0.0011 .
Cheese 15462 1 1034 3% 1b ib 391 1b AT 1b 1b ' 3
g@_ BTU | $0.0043 $0.0008 ‘o, BTU BTU | $0.0057 | $0.0009 :
Butter 3328 5 742 T 5 0 584 o 118 5 mlb. 1b 3
Dried BTU BTU | $0.0017 $0.0080 ‘BTU BTU | $0.0040 $0.0020
wile | 142%Tp 7637 1¢ Ib 1 605 15 323 3% 1b ‘ 1b 3
Instantized BTU BTU $0.0034 $0.0009 BTU ) BTU $0.0034 $0.0004
Dried Milk | 20°8 Tp 82 33 1b T 475 1o SLIETS 1b Ib L
Evaporated BTU BTU $0.0022 $0.0011 BTU BTU $0.0005 $0.0006
Milk 1627 5 | O 1b 1b 90 7y 80 Ty 15 1b 2
Ice BTU BTU $0.0041 $0.0043 BTU BTU $0.0148 $0.0162
4406 == | 3866 —— - == = | === s
Cream gal gal gal gal 3299 gal 2213 gal gal gal -4

(119
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Section 6

ENERGY CALCULATIONS

This section illustrates the methods used to derive each of the energy
costs given in the preceeding sections. FEach energy cost has an energy
calculation number given with it. To locate the derivation of an energy
cost, find the energy calculation numbers given iﬁ the 1léft hand margin on
fhe following pages and match it with the energy calculation.numbervgiven
with the energy cost in question. ’

Because the same energy consuming process may be used in the produc-

tion of‘several dairy products, this section is divided into 28 subsections,
each devoted to.a particular enefgy consuming process. The first of each
subsection givesvthé general procedures used to determine the energy consump-
tion by a particular energy consuming procéss, such as pumping milk. The
remainder of the subsection is dividéd up By energy éalculation numbers.
The data to the right of each-energyAcalculation number includes the energy
consumption for a parficular product, such as cheddar cheese, and the fig-"
ures which afe,necessary for the calculation of that particular energy con-
sumption.

The energy calculation numbers aré organized to refer to both the
location of the subsection containing the energy calculation and to the pro-
duct whose energy consumption we are interested in. The number to the left
of the decimal point in each energy calculation number, refers to the sub-
section where the energy consumption derivation is found. The number to
the right of the decimal point, which we shall call the product code number,

refers to a specific product. The product code numbers are as follows:




.00
.01
.02
.03
.04
.05
.06
.07
.08

.09 -

.10

11

.12
.13
.14

6-2

General derivation
Fluid milk

Cheddar cheese
Cottage cheese
Sour cream

Cream cheese
Cultured milk
Dried whey

Butter

Dried milk ,
Instantized dried milk
Dried buttermilk
Evaporated milk
lce cream
Processed cheese

An index showing the subsections in this section follows. As an

example of the definition of energy calculation numbers, the energy calcu-

lation number 1.02 refers to both subsection one where the energy consump-

tion in pumping milk is derived and to the specific product of cheddar

cheese.
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Section 6-1

ENERGY CALCULATION NO. 1.00

Pumping Dairy Products During Processing

It is assumed that the average pump used in pumping dairy products has

a capacity of 50 G.P.M. and is powered by a one horsepower motor. It is

also. assumed that the motor is under a load which is 75% of its rated capa-
city and has an electrical efficiency of 75%. ' If an average density for

dairy products was assumed to be 8.6 lbs/gal, the electrical energy cost is

given by:
BTU _
(1 hp/pump) (2545 hr_hp) (0.75 1oa§)
(50 gal/min) (60 min/hr) (0.75 efficiency) (8.6 é%%
BTU

= 0.1 pump - lbs. of dairy product

For simplicity the above cost is assumed to apply to pumping milk, skim
milk, cream, whey, buttermilk, cultured milk, ice cream mix, evaporated
milk, corn syrup, and liquid sugar.

The energy cost calculation process begins by estimating the average
number of pumps the ingredients of the finished product paéses through.
Next, the number of pumps is multiplied by the éb0ve cost per pump and
by a conversion factor. The conversion factor is defined as the ratio of
the mass of material pumpéd to the amount of product produced. This gives
the cost of pumping for various products. Tﬁe following table illustrates

the results.




Energy Requirements for Pumping
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Table 6 -la
Average _BTU
Energy Energy Req'd Material  Number  Pump-1b. Conversion Electrical Energy
Cal. for Pumped Pumps Pumped . Factor Req'd
No. R L e Used et .
ib. milk - By
1,01 Fluid Milk Milk and 5 0.1 8.6 gal., milk 4.3 Gal, Milk
Skim milk ’ B
1b, milk BTU
1.02 Cheddar Milk 5 0.1 10 1b. cheese 5.0 1b. cheese
Cheese S
1b. milk ' BTU
1.03 Cottage ‘Milk and 6 0.1 4,1 1b, cheese 2.5 1b. cheese
Cheese Skim milk :
. lbs milk & cream BTU
1.04 Sour Milk and 6 0.1 1.0 1b. sour cream 0.6 1b. sour cream
Cream 407 cream
1bs milk & cheese BTU
1.05 Cream Milk and 6 0.1 3.2 1b. cheese 1.9 1b. cheese
Cheese 40% cream ‘
] lbs. milk BTU
1,06 Cultured Milk and 4 0.1 2,15 qt. cult. milk 0.9 qt. cult. milk
Milk Skim milk
: . lbs 6% whey BTU
1.07 Dried Whey 2 0.1 16.1 1b. powder 3.2 1b. whey powder
Whey
1bs. cream BTU
1.08 Butter 40% Cream 6 0.1 2.0 1b. butter 1.2 1b. butter.
‘ 1bs. milk BTU
1.09 Dried Skim milk 5 0.1 10.8 1b. powder 5.4 1b, powder
Milk
1bs. buttermilk BTU
1,11 Dried buttermilk 3 0.1 ©10.8 1b. powder 3.2 1b. powder
Buttermilk v
1bs. milk BTU
1.12 Evaporated Milk 5 0.1 2.0 1b. evap. milk 1.0 1b. evap. milk
Milk
. 1bs. mix BTU
1.13 Ice ice cream 6 0.1 4.95 gal. ice cream 3.0 gal. ice cream

Cream

©mix
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Section 6-2

ENERGY CALCULATION NO. 2.00

Clarification of Milk

Manufacturer's specifications show that a 20,000 1b/hr clarifier re-
quires a 10 horsepower motor. Assuming the motor is 887 efficient while un-
der a load which is 75% of.the rated capacity, then the electrical eﬁergy

cost can be calculated as:

' : BTU A
(10 hp) (2545 hp—hr) (0.75 load) C 1o BTU
1b milk Y 1b milk

(20,000 —) (0.88 efficiency)

hr
Since, in some cases, cream is‘separated from milk and since both the
cream and the skim milk are clarified, the cost of clarification will be
distributed equally between cream and skim milk. Thus, the cost to clarify

cream is

BTU
l'Q 1b cream

It is assumed that the energy cost to clarify 6% solids whey is the
same as it is for milk.

The energy cost which clarification adds to various products is sum-
marized in the following table. The total'electrical energy cost is derived
by mﬁltiplying.the energy cost to clarify a material times the ratio of the
mass of the material which is clarified to the mass of the product which
1s produced. This may be multiplied by a gravimetric to volumetric con-
version factor when it is desired to express the energy cost per gallon in-

stead of per pound.




Energv Requirements for Clarification
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Table 6-2a
Energy Energy BTU Ratio of Electrical
Cal. Req'd Material  1b. Product Conversion Energy
No. For Clarified. clarified Clarified -Ractor- - Req'd
) . 1bs. milk . 1bs.. milk BTU.
2,01 Fluid Milk 1.0 1.0 1b milk 8.6 gal, milk 8.6 gal. milk
Milk L .
1bs, milk . "BTU
2.02 Cheddar Milk 1.0 10 1b. cheese - 10.0 1b. cheese
Cheese : :
© 1bs, milk "~ BTU
2.03 Cottage Skim milk 1.0 4.1 1b. cheese - . 4.1 1b. cheese
Cheese : : ,
‘1bs. milk BTU
2,04 Sour Milk and 1.0 1.0 1b. sour cream  —- 1.0 1b. sour cream
Cream 40% cream
1bs milk & cream -~ BTU
2.05 Cream Milk and 1.0 3.2 1b. cheese 3.2 1b., cheese
Cheese 407 cream
lbs. milk ' 1bs. milk BTU
2,06 Cultured Milk 1.0 1.0 1b. cult, milk 2.15 qt. milk 2.2 gt. cult. milk
Milk )
lbs. 6% whey BTU
2,07 Dried 6% Whey 1.0 16.1 1b. powder - 16.1 1b. powder
Whey
1bs, milk BTU
2,12 Evaporated Milk 1.0 2.0 1b. evap. milk - 2.0 1b., evap. milk

Milk

T A s £ A e e

g R Sy
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Section 6-3

ENERGY CALCULATION NO. 3.00

Separation of Milk

Manufacturer's specifications show a 20,000 1b per-hour separator
requires a 10 horsepower motor. Assuming the motor is 887 efficient while
under a load which is 75% of the rated cépacity, then the electrical energy

cost can be calculated as:

BTU ,
(10 hp) (2545 -4 (0.75 load) g B_
(20,000 —ll’-h—‘;l}—g‘-) (0.88 efficiency) lvb milk

Since both cream and skim milk are derived from. the separator, the
cost per pound will be assumed to be equal. Thus, the cost to separate

cream is:

BTU

1.0 1b cream

-

-and the cost to separate skim milk is:

BTU
1b skim milk

1.0

Also, if is assumed that the energy cost to separate whey is equal to
milk separating costs. |

The energy cost of separation is summarized in the following taBle.
The total electrical energy cost is derived by multiplying the energy
.cost to separate a particular material times the ratio of the mass of the
material separated to the mass of the product produced. This may be
multipliediby a gravimetric to volumetric conversion factor when it is

desired to express the energy cost, per gallon instead of per pound.




Energy requirements for separation.
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Milk

1b evap milk

Table 6-3a.
Energy Products of BTU Ratio of _ Electrical
Cal. Energy Separation 1b. Product Conversion Energy
No. - Req'd for Needed Separated Separated Factor Req'd
. . 1bs skim 1bs milk BTU
3.01  Fluid Skim Milk 1.0 0.33 It whole 8.6 gal milk 2.9 gal milk
Milk
g _ lbs whey . BTU
3.02 Cheddar 6% Whey 1.0 9.0 1b cheese 9.0 15 cheese -
Cheese )
' . 1lbs skim milk BTU
3.03 Cottage Skim Milk 1.0 4.0 16 chesse 4.0 15 cheese
Cheese
3.04  Sour 40% Cream 1.0 0,39 Lbs cream -~ 0.4 —S
1b sour cream 1b sour cream
Cream
: o lbs cream  _ BTU
3.05 Cream 40% Cream 1.0 0.76 1b choese 0.8 T cheese
Cheese
api s 1bs skim 1bs milk BTU
3.06 Cultured Skim Milk 1.0 0.75 1b whole 2.15 qt milk -6 Tt cuit milk
Milk .
’ - 1bs cream BTU
3.08  Butter 407 Cream 1.0 - 2.0 b Butter ————— 2.0 15 butter
3.09 Dried Skim Milk 1.0  10,s ibs skim milk —  10.8 —2__
. . . 1b powder 1b powder
Milk .
i s 1bs skim milk BTU
3.12  Evaporated Skim Milk 1.0 0.7 0.7 16 evap milk

e A 7 . O bt 5 o i o P A
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Section 6-4

" ENERGY CALCULATION NO. 4.00

Homogenization

‘All homogenizers used will be assumed to bé 3 cylinder, 2 stage mach-
ines with 2500 psig on the first étage'and 500 psig on the second stage for
a total pressure drop of 3000 psig. The theoreticéi work needed for this
process can be calculated using the isentropic work equation for an incom-

pressible fluid, or:

where

w = work

]

density of the fluid

]
it

pressure

When efficiencies of 887 for the pump and 91% for the motor are
assuméed and appropriate pressures and conversion factors are inserted the

above equation becomes:

o (3000 psig) (144 12%/5t))  _ 718 BIU
™ }Qg) (778 ft—lb) (0.85) (0.91) D 1b homogenized
o TBI0 |

The following tables gives the energy cost which hOmbgenization adds.
It is calculated by dividing the homogenization energy cost calculated
above by the density of the material homogenized and multiplying by the
ratio of the mass of material homogenized to.the mass of product produced.
This may be again multiplied by a gravimetric to volumetric conversion
factor when it is desired to express the energy cost per gallon instead of

per pound.



Tabe 6-4a

Energy Requirements

for Homogenization
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Electricay

Energy Energy Material BTU "Ratio of .
Cal. Req'd Homogenized 1b. D= density- Product ®~ Conversion Energy
No. For homogenized (1b / £t3) Homogenized factor Req'd
‘ 1bs. milk 1bs. milk BTU
4.01 Fluid | Milk 718/D  64.3 1.0 1b. milk 8.6 96.0gal.milk
Milk - U
: . 1lbs. dressing BTU
4,03 Cottage Cheese 718/D 63.5 0.33 1b. cheese ——— 3.7 1b. cheese
Cheese Dressing '
: - lbg. 18% cream BTU
4,04 Sour 18% fat 718/D  63.5 1.0 1b. sour cream --—- 11.3 1b. sr. cr.
Cream ’ cream ' : :
1bs. cream cheese BTU
4,05 Cream Cream 718/D  62.4 1.0 1b. cream cheese --- 11.5 1b. cr.
Cheese cheese cheese
- 1bs, evap. milk - BTU
4.12 Evaporated Evaporated 718/D  66.2 1.0 1b. evap, milk 10.8 1b. evap.
Milk Milk milk
" 1bs, ice cream lbs. ice cr.
4,13 Ice Ice Cream 718/D  68.4 1.0 1b. ice cream 4.95 gal, ice BTU
Cream mix 52.0 gal. ice

cream
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Section 6-5

ENERGY CALCULATION NO. 5.00

CIP Pumps

A clean-in-place system'uses pumps to circulate cleaning selution
through a few pipelines or tanks. A CIP cycle is described in Energy
Calculation Number 15.00. During each CIP cycle it is assumed there are
two pumps running. One will be a 5 horsepower feed pump and the other a
1 horsepower return pﬁmp for a total of 6 horsepower. It is further assum-
ed that each cycle is 50 minutes long, the motors have an electrical
effiéiency-of.SO%, and the average load on thé motor is 75% of the rated

capacity. The electrical energy cost per cycle is:

BTU | hr
——) (5/6 ) (0.75 load)
hp~hr cycle - 11,930 BTU

(0.80 efficiency)

(6 hp) (2545

cycle

The following table will show the electrical energy costs which are
attributed to CIP pumping. The electrical energy cost is derived by multi-
plying the above cost per cycle by the number of cycles per day and dividing

by the average production per operating day. These factors are all shown

in the table.




Table 6-5a Energy Requirements for CIP pumps
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Energy ‘
Cal. Energy Req'd Cost per Cycles,Eerv Production Electricai
No. for cycle day per day .Energy Req'd
- BTU © cycles - gal’’ - BIU
5.01 Fluid 11,930 eycle 19 day 21,000 day 10.8 gal. milk
Milk o . L
- BTU cycles - 1b BTU
5.02 Cheddar 11,930 eycle 13 day 13,333 day 11.6 1b. cheese
Cheese ‘ L . :
BTU Cycles’ 16 - BIU
5.03 Cottage 11,930 cycle 13 day 43,950 day 3.5 1b. cheese
Cheese - . . RN R .
. BTU cycle 1b - BTU
5.04 Sour 11,930 cycle 1 day 12,000 day 1.0 1b. sour cream
Cream : .
BTU cycles 1bs. BTU
5,05 Cream 11,930 cycle 2 day 3,600 day 6.6 1b. cheese
Cheese : . :
BTU cycles qts. BTU
5.06 Cultured 11,930 cycle 2 day 12,279 day 1.9 qt. cult. milk
Milk :
‘ BTU cycles 1bs BTU
5,08 Butter 11,930 cycle 7 day 11,222 day 7.4 1b. butter
BTU cycles lbs BTU
"5.09 Dried 11,930 cycle 16 day 21,150 day’ 9.0 1b. powder
Milk )
BTU cycles lbs BTU
5.1 Dried 11,930 cycle 1.4 day 1,046 day 16.0 1b. powder
. Buttermilk '
BTU cycles 1bs BIU
5.12 Evaporated 11,930 cycle 17 day 142,857 day " 1.4 1b. evap. milk
Milk '
BTU cycles gals BTU
5.13 Ice 11,930 cycle 7 day 3,846 day 21.7 gal. ice cream

Cream
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Section 6-6

ENERGY CALCULATION NO. 6.00

Double Effect Evaporator (Electrical Costs)

It is assumed there are seven electric motors with a total rating of
20 horsepower running condensate and product pumps which are required'to
operate a double effect evaporator that has a capacity of 22,500 1bs of
evaporation per hour. If the motors afe 80% efficient and are under a load

which is 75% of their rated capacity, the electrical cost of evaporation is:

BTU ' ,
(20 hp) (2545 -=) (0.75 Load) s AT

1bs HZO removed. T 1b HZO removed
hr' ) (0.80 efficiency)

(22,500

The electrical energy cost of a double effect evaporator are listed
in the following table. The energy cost for a particular product is de-
rived by multiplying the mass of the water removed in concentrating one
pound of matérial by the above cost of evaporation and‘by the ratio of the

mass of the material evaporated to the mass of the desired concentrated

product.




able 6-6a Electrical Energy Requirements for a Double Effect Evaporator

Erergy Energy - Change in Lbs. of waterb BTU Lbs. of original Electrical
Cal.  Req'd Haterial % solids Removed per 1b. 1b. HZO removed material per 1b. Energy
No. For Concentrated Concentration original material concentrated Req'd
product
6.07 Dried whey 1bs H,0 1bs 6% whev BTU
Whey 6% solids 6% - 407 0.85 1b 6% whey 2.1 16.1 1b whey powder 30 1b whey pow
6.0% Dried 1bs H,0 1bs skim milk BTU
Hilk skim milk 9% - 407 0.775 1b skim milk 2.1 10.8 1b whey powder 17.3 1b milk pc
6.11 Dried ‘ 1bs H,0 1bs buttermilk. BTU
© Buttermilk TJbuttermilk 9% » 407% 0.775 1b buttermilk 2.1 10.8 1b buttermilk 17.3 1b buttermi
powder powder
6.12 Evaporated whole milk . 1bs H50 1bs milk BTU
Milk milk 12.5% > 25% - 0.5 1b milk 2.1 2 1b evap. milk 2.1 1b evap. mi

9T-9
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Section 6-7

ENERGY CALCULATION NO. 7.00

Spray Drying (Electrical Costs)

Manufacturer's specificatidns show about 325 horsepower for a 6000 1b/hr

drier that produces 3.5% moisture powder from a 40% solids concentrate.

Assuming that the motors are 85% efficient and under a load which is 75% of

their rated capacity, the electrical cost can be given by:

2545 3TV (0.75 1oad)

hp—hr’

= 117.5 -2

19§—£§E993) (0.88 efficient)

_BTU__
powder

The electrical energy cost of'spray drying is the same for Dried Whey;

Dried Milk, or Dried Buttermilk.

Table 6-7a. Electrical energy requirements of spray drying.

Energy Enérgy Electric
Cal. Required Energy
No. For Required
. BTU
7.07 zDrled Whey 117.5 16 powder
7.09 Dried Milk 117.5 2
» 1b powder
7.11 Dried Buttermilk 117.5 20
1b powder
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Section 6~8

ENERGY CALCULATION NO. 8.00

Air Compressor

Assuming a 20 horsepower air compressor is used in each plant and
runs 5% of the time with an 88% efficient electrical motor which is under

a load of 757 the energy consumption per week is:

BTU : hr - days, .
(20 hp) (2545 hp-hr) (0.75 load) (1.2 a;;) (7 week) 364398 BTU
(0.88 efficiency) 77T week

The following table relates the electrical energy cost of an»air
compressor for various products. The energy cost is derived by dividing
the abovevelectrical‘cost per week by the weekly production’and multiplying
by an apportioning factor. The apportioning factor is ﬁeeded for plants
producing more than one product. For these plants, it is -assumed that the
fraction of the cost of compressing air that should be attributed to a
particular product be equal to the fraction of the total amount of raw
milk coming into a plant which goes.into the particular product. If a

plant produces only one product the apportioning factor is equal'to 1.0.
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Table 6-8a Electrical Energy Requirements for Air Compressors
Energy  Energy Energy Cost Production- Apportioning- Electrical Energy
Cal. Req'd Per Week Per Week Factor Req'd
No. For o . Lo T
§.01 Fluid BTU ) gal, . BTU
Milk 364,398 week 105,000 week 1.0 3.5 gal, milk
8.02 Cheddar BTU lbs, : BTU
Cheese 364,398 week 80,000 week 1.0 4.6 1b. cheese
8.03 Cottage BTU 1bs. . BIU
Cheese 364,398 week 219,750 week 0.75 1.2 1b. cheese
8.04 Sour BTU 1bs. : BTU
Cream 364,398 week 60,000 week 0.05 0.3 1b. sour cream
8.05 Cream o BTU 1bs. - BTU
Cheese 364,398 week 18,000 week 0.10 2,0 1b. cheese
8.06 Cultured BTU : gts. BTU
Milk 364,398 Week 61,395 week 0.10 0.6 qt. cult. milk
BTU 1bs. : BTU
8.08 Butter 364,398 week 78,554 week 0.05 0.2 1b. butter
8.09 Dried BTU lbs. , BTU
Milk 364,398 week 148,050 week 0.90 2.2 1b, powder
8.12  Evaporated BTU 1bs. BTU
Milk 364,398 week 1,000,000 week 1.0 0.4 1b. powder
8§13 Ice BTU gals. BTU
Cream 364,398 week 19,231 week 1.0 18.9 gal, ice cream
8.14 Processed BTU 6 1bs. BTU
Cheese 364,398 week 1.68x10 week 1.0 0.2 1b. cheese
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Section 6-9

ENERGY CALCULATION NO. 9.00

Cold Storage Room Fans

The electrical energy cost to run the cold storage room fans will be
estimated by assuming the fans run two-thirds of the time. The motor
efficiengy will be assumed to be 75% while it is under a load of 75% of
its rated capacity. The electrical energy cost per total hofsepowef

needed per week is:

BTU . hr ~ days BTU
(2545 hr-hp) (0.75 load) (16 day) (7 week ) = 285,040 -
hp-week

(0.75 efficiency)

The following table relates the electrical energy cost for cold storage
room fans for various products. The energy cost is derived by multiplying the
above cost by the total horsepower used to run the fans in a room, dividing by
the wéekly production, and multiplying by én apportioning factor. The
apportioning factor is needed for cold rooms storing more than one product.
For the cold storage rooms, the fraction of the cost of rumning the cold
rooﬁ fans that should be attributed to a particular product, is called the
apportioning factor and is equal to that fraction of the total mass stored
in the room that the mass of a particular product is equél to. The
appoftioning factors used were derived by Step‘S in Energy Calculations Nos.
22.03~22.06.v If only one product is stored in the room, the apportioning

factor is equal to 1.0.
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Electrical Energy ‘Requirements for Cold Room Fans
Energy Energy BTU Total Production Apportioning Electrical Energy
Cal. Req'd hp-week "Fan per week TFactor Req'd
No. For . S e e Rpe e . R Lo
'9.01 Fluid : ' gal, BTU
Milk - 285,040 2 105,000 week 1.0 5.4 gal. milk
9.02 Cheddar ’ ‘1bs, , © BIU
Cheese 285.040 8 80,000 week’ 1.0 28.5 1b. cheese
9.03 Cottage : . -1lbs, BTU
Cheese 285.040 3 219,750 week 0.51 2.0 1b. cheese
9.04 Sour S “1bs. . ‘BTU
Crean - 285,040 3 60,000 week 0.14 2,0 1b. sour cream
9.05 Cream : ‘ 1bs., : BTU
Cheese 285,040 3 18,000 week 0.042 2.0 1b. cheese
9.06 Cultured : gts. . "BTU
Milk 285,040 3 61,395 week 0.307 4.3 qt, cult. milk
1bs. » BTU
9.08 Butter 285,040 1 78,554 week 1.0 3.6 1b. butter
9.12 Evaporated 1bs. BTU
‘ Milk 285,040 1/2° 1,000,000 week 1.0 0.1 1b. evap. milk
9,13 TIce gals. BTU
Cream® 285,040 3 1/2 19,229 week 1.0 - 51.9 gal., ice cream
9.14 Processed ¢ ibs. BTU
Cheese 285,040 12 1.68x10 week 1.0 2.0 1b. cheese
*

For both the 40°F cold room and the -20°F hardening room
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Section 6-10

ENERGY CALCULATION NO. 10.00

Fans for Heating and Air Conditioning

The electrical energy cost to run the heating and air conditioning
fans will be estimated here. Manufécturer's ratings estimate 1 horse-
power per 2000 CFM'on air bhandling units. Assuming’they run 16 hours a day
with a motor efficiency of 807% and under a 75% of capacity léad, the
electrical energy consumption per CFM of air circulation in the plant,

per week is:

(1 hp) (2545 ETUh) (0.75 load) (16 g—r"') (7 e 18) =134 2T
1p hr-hp . oa ay week = Citicweek

(2000 CFM) (0.80 efficient) '

The following table relates the electrical energy cost for air circulation
fans for various products. The energy cost is derived by multipying the above
cost by the estimated air circulation rate for the plant, dividing by the
weekly production rate, and multiplying by an apportioning factor. The
apportioning factor is needed for plaﬁts manufacturing more than one product.
The fraction of the cost of running the air circulation units which can be
attributed to a particuiar product is called the apportioning factor and
_1s equal to the fraction of the mass of the incoming raw milk which goes
into that particular product. Tor plants producing only one product,

the apportioning factor is equal to one.
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Table 6-10a Electrical Energy Requirements for Alr Circulation Fans
Energy Energy BTU Total Production Apportioning Electrical Energy ‘ |
Cal, Req'd CFM-week -Plant per week Factor . . Req'd’
10.01 Fluid . gal. - BIU
Milk 134 , 35,000 105,000 -week 1.0 44,7 "gal. milk
10.02 Cheddar . Ibs. - BIU . ,
Cheese 134 86,500 80,000 week 1.0 144.9 1b. cheese
10.03 Cottage : lbs. i - BTU
. Cheese 134 73,500 219,750 week 0.75 33.6 1b. cheese
10.04 Sour : ' ‘1bs. - - .BTU
Cream - 134 73,500 60,000 week 0.05 8.2 1b. sour cream
10.05 Cream 1bs. : © . BTU
‘ Cheese 134 73,500 18,000 week 0.10 54.7 1b. cheese
10.06 Cultured ' . qts. . - . BTU
Milk 134 73,500 61,395 week . 0.10 16.0 qt. cult. milk
’ 1bs. . BTU
10,08 Butter 134 62,000 78,554 week 0.05 5.3 1b. butter
10.09 Dried 1bs. BTU
Milk 134 62,000 148,050 week 0.90 50.5 1b. powder
10.11 Dried -  lbs. BIU
- Buttermilk 134 62,000 7,322 week 0.05 = 56.7 1b. powder
10.12 Evaporated _ 1bs. BTU
Milk 134 90,000 1,000,000 week 1.0 12.1 1b. evap. milk
1013 Ice ’ gal. ' BTU
Cream 134 53,000 19,231 week 1.0 369.3 ' gal. ice cream

10.14 Processed ) 6 :
Cheese 134 90,000 1.68x10  1bs. BTU
week 1.0 7.2° 1b. cheese
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ENERGY CALCULATION NO. 11.00

Boiler Fan

The electrical energy costs to run the boiler fan will be estimated
assuming that each .plant's boiler has a 10 horsepower motor running a fan to
furnisﬁ combustion air. The motor runs coﬁstantly while air is throttled
for the correct flow rate. If the motor is‘88% effiéient while under a load

which is 50% of the rated capacity, then the electrical energy cost is

given by:
BTU hr days 6
(10 hp) (2545 hp-h¥) (0.50 load) (24 day) (7 week) = 2.43 x 10 BTU

(0.88 efficient) week .
The following table relates the electrical energy cost to run a boiler fan

for various products, The energy cost is derived by dividing the above energy

cost by the weekly production and multiplying by an apportioning factor. The

apportioning factor is needed for plants manufacturing more than one product.‘

The fraction of the cost of running the boiler fan which_can be attributed to

a particular product is the apportioning factor and is equal to the fraction

of the raw milk which goes into that particular product. For plants

producing only one product, the apportioning factor equals one.




6-25

Table 6~1la  Electrical Energy Requirements for the Boiler Fan
Energy Energy BTU Production Apportioning Electrical Energy
Cal.  peq'd . Week Per Week Factor Req'd
No. - For T . e e
11.01 Fluid 6 gals. . ... 'BIU
Milk 2.43 x 10 105,000 week 1.0 23.1 gal, milk
11.02 Cheddar 6 1bs. . BTU
" Cheese 2.43 x 10 80,000 week 1.0 30.4 1b, cheese .
11,03 Cottage 6 "1bs. S : BTU
Cheese 2,43 x. 10 219,750 week 0.75 8.3 1b. cheese
11.04 Sour 6 : “1bs. BTU
Cream 2.43 x 10 60,000 week 0.05 2.0 1b. sour cream
11.05 Cream 1lbs. BTU
Cheese  2.43 x 10° 18,000 week 0.10 13.5 1b. cheese
11.06 Cultured 6 qts. BTU
Milk 2.43 x 10 61,395 week 0.10 4.0 qt. cult. milk .
. 6 lbs. BTU
11.08 Butter 2.43 x 10 78,554 week 0.05 1.5 1b. butter
11,09 Dried 6 1bs. ‘ BTU
Milk 2,43 x 10 148,050 week 0.90 14.7 1b. powder
11.11 Dried 6 1bs., BTU
Buttermilk2.43 x 10 7,322 week 0.05 16.6 1b. powder
11.12 Evaporated 6 1bs. BTU
Milk 2.43 x 10 1,000,000 week’ 1.0 2.4 1b., evap. milk
11.13 Ice 6 gals. BIU
Cream 2.43 x 10 19,231 week 1.0 126.3 gal. ice cream
11.14 Processed ) 6 6 " lbs. . BTU
Cheese 2,43 x 10 1,68x 10 week 1.0 1.4 1b. cheese
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ENERGY CALCULATION NO. 12.00

Evaporative Cooling Tower Fans

Evaporative cooling towers will be used to condense refrigeraﬁt and
to cool the recirculated water used to condense steam in the double effect
eYaporators. Manufacturer's ratings for cooling toﬁers indiéate that
approximately'0.06‘horsepower is required to run the fans per ton of
capacity. This can be translated into the folloﬁing ratid>giving the BTU's
of electricity consumed per BIU of cooling load exhausted out of thé cooling
tower. Assuming the electric motors are 88% efficient and under a load which
is 75% of théif rated capacity, the ratio is:

hp BTU_
(0.06  ton) (2545 hp-h4) (0.75 load) = 0,010

BTU
(12,000 hr-ton) - (0.88 efficient)

Multiplying the above dimensionless ratio by the load which exhausts
out the cooling tower gives the electrical energy consumed.

The energy cost to run the evaporative cooling tower fans‘is derived by
multiplying the total refrigeration load needed for the unit production of a
dairy product times a refrigeration factor and addinp this to the water cooling
ioad generated if a double effect evaporator is used during the processing
procedure of the product in question. The sum is then multiplied by the
above dimensionless ratio to yield the electrical energy cost per unit product
produced.

The total refrigeration load per unit production is the sum of the cooling

loads associated with the production of a certain product. It can be found
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in the "Uses of Refrigeration" table in the section showing the total
energy costs of the product in question. The total refrigeration load
is the load measqred at the evaporator of the refrigeration system.
Assuming the coefficient of performance of the system is 3;0, the load
‘ exhausting out thé cooling towefs is 1.3 times the calculated cooling
loéd. Th;fefore the refrigeration factor equals 1.3.

Manufacturer's specifications fof a double effect evaporator indicate
that 226 BTUs must be transferred to cooling water for every pound of water -
evaporated from the product. By multiplying the amount of ﬁéter removed
duriﬁg the.evaporation process (this is found in the Table described in
‘Energy Calculation No, 6.00) times the above water heating factor, times
the ratio of the mass of matérial evaporated to the mass of the finished

product, yields the water cooling load generated by the use of a double

effect evaporator. For dried whey production, this is:

BTU 1bs Hlo removed 1bsg 69 whey'l
(226 "1b H,0 removed) (0.85 1b 6% whey ) (1601 1b whey powder)
= 3003 31U , |

1b whey powder
For the production of dried milk the water cooling load is:

 BTU Ibs 1,0 removed 1bs skim milk

(226 1b HZO removed)v (0.775 1b skim milk ) (10.8 1b powder )

= 1892 BIU
1b milk powder

The water cooling load for dried buttermilk is the same as dried milk. TFor

the production of evaporated milk the water cooling load would be:

BTU 1bs H,0 removed 1bs milk
(226 1p ”20 removed) (0.5 1b milk ) (2 1b evap. milk)
BTU

= 226  1b evaporated milk
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The following tahle relates the evaporative cooling tower electrical

energy costs in the production of various products,

Table 6-12a  Electrical Energy Requirements for Cooling Tower Fans
Energy Energy Total Water Electrical
Cal. Req'd - Refrigeration  Refrigeratien Cooling BTU (elec) - Energy
No. For Load Factor Load BTU_(cooling) Req'd
12,01 Fluid BTU BTU
Milk 598 .gal, milk 1.3 0 0.01 7.8 gal. milk
12.02 Cheddar BTU . - BTU
Cheese 428 1b, cheese 1.3 0 - 00,01 5.6 1b. cheese
12.03 Cottage BTU BTU
Cheese 182 1b, cheese 1.3 0- 0.01 2.4 1b., cheese
12.04 Sour BTU . - BTU
Cream 186 1b. sr. cream 1.3 0 0.01 2.4 1b, sour cream
12.05 Cream BTU . . . BIU
Cheese 314 1b. cheese 1.3 0 0.01 4,1 1b. cheese
12.06 Cultured éTU BTU
Milk 203 qt. cul., milk 1.3 0 0.01 2,6 qt. cult. milk
12.07 Dried BTU BTU BTU
Whey 603 1b. powder 1.3 3093 1b. powder 0.01 38.8 1b. powder
BTU : BTU
12.08 Butter 251 1b. butter 1.3 0 0.01 3.3 1lb. butter
12.09 Dried BTU BTU BTU
Milk 130 1b. powder 1.3 1892 1b. powder 0.01 20,6 1b. powder
12.11 Dried 210 BTU BTU BTU
Buttermilk  1b. powder 1.3 1822 1b. powder 0.01 21.7 1b. powder
"12,12 Evaporated DTU . BTU BTU
Milk 103 - 1b. evap.milk 1.3 226 1b, evap. 0.01 4,0 1b..evap. milk
milk
12.13 Ice BTU BTU
Cream 1925 gal. ice cr. 1.3 0 0.01 25.0 gal. ice cream
12.14 Processed BTU . BTy
Cheese 104 1b. cheese 1.3 0 0.01 1.4 1b. cheese
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Section 6-13

ENERGY CALCULATION NO. 13.00

Lights and Misc. Motors

The electrical energy cost for lighting and the use of small motors will
be calculated here. It is assumed that there is on the average one 8-foot,
110 watt fluorescent .light per 60 th_of floor space'in operation 36 hours

per week., The cost of lighting-per squafe foot of floor space is:

BTU hr
(110 Watt) (3.41 hr-watt). (36 week) =. 225 EIH.
(60 Ft?) ' ftz—week

\

For the many small motors which run intermittantly, such as conveyers or
stirrers, it is assumed that their cost can be estimated by adding 107 to the

.lighting cost or:

BTU
(225 ft2- week) (1.1) = 247,5  BIU___

ft2 - 'week

The following table relates theyelectfical energy cost of lighting in the
production of various products, The energy cost is derived by multiplying the
above energy cost times the number of square feet of floor-space in a plant,
times an apportioning factor and dividing thé‘product by the weekly production
of the plant. The appbrtioning facfor is needed in plants manufacturing more
than one product.

The fraction of the cost‘of lighting the plant which is attributed to a
specific product is the apportioning factor and is equal to the fraction of
the raw milk which enters the plant and goes into that particular product.

If a plant produces only one product, the apportioning factor is 1.0.
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Tdble 6-13a Electrical Energy Requirements for Lights and Misc. Motors
Energy Energy Plant RTU Apportioning Weekly Electrical Energy
Cal. Req'd Floor 9 Factor Production Req'd
No. For . . ‘Space.. .. ... Ft©. ~Week . . . - T S
13.01 Fluid “gal gal BTU
’ Milk 30,200 ft. 247.,5 1.0 105,000 week 71,2 gal. milk
13.02 Cheddar ‘ . 1bs BTU
Cheese 43,155 ft, 247.5 1.0 80,000 week 133.5 1b. cheese
13.03 Cottage 1bs BTU
Cheese 28,445 ft. 247.5 0.75 219,750 week  24.0 1b. cheese
13.04 Sour . ) - 1bs BTU
Cream 28,445 ft, 247.5 0.05 60,000 week 5.8 1b. sour cream
13.05 Cream - ‘1bs BTU
Cheese 28,445 ft. 247.5 0.10° 18,000 week 39.1 1b. cheese
13.06 Cultured : qts BTU
Milk 28,445 ft. 247.5 0.10 61,395 week 11.5 qt. cult. milk
1lbs BTU
13.08 Butter 20,153 ft. 247.5 0.05 78,554 " week 3.2 1b. butter
13,09 Dried 1lbs BTU
Milk 20,153 ft. 247.5 0.90 148,050 'week  30.3 1b. powder
13.11 Dried 20,153 ft. lbs BTU
Buttermilk 247.5 0.05 7,372 week 34,1 1b. powder
13.12 Lvaporated 1bs BTU
Milk 21,800 ft. 247.5 1.0 1,000,000 week 5.4 1b. evap.milk
13.13 Ice gals . BTU
Cream 28,445 ft, 247.5 1.0 19,231 week 366.1 gal. ice cream
13.14 Processed 6 lbs BTU
Cheese 50,250 ft. 1.0 1,68 x 1Q week 7.4 1b. cheese

247.5
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d ‘ ' Section 6-14

ENERGY CALCULATION NO. 14.00

Miscellaneous Elecfrical Energy Calculations

Energy Calculation No. 14.08

Churning

It is estimated that a batch-~type churn with a capacity of 11,250 lbs.
requires a 10 horsepower motor. The operating time per batch is 1.2 hours.
If the motor is 85% efficient and is under a 75% of capacity load, the

electrical energy cost is:

BTU ) hours
(10 hp) (2545 hp—hr) (0.75 load) (1.2 batch) o BTU
1lbs butter . "7 1b butter
(11,250 Datoh ) (0.85 efflcient) :

Energy Calculation No. 14.10

Instantizing (Electrical Energy Costs)

A typical instantizer has seven fans and a conveyor belt all run by

electric motors. It is assumed that the total output required by these

motors on a 2000 1lbs per hour instantizer is 40 hp. If the motors are
83% efficient and under a load which is 75% of their rated capacity, the
electrical energy cost is given by:

¢

BTU

(40 hp) (2545 "ﬁ;“_“ﬂ’};) (0.75 load) - usg BTU
(2000 Lbs Powder, 4 g5 officiency) 1b powder

hr

Energy Calculation No. 14.13

Agitation of Tce Cream Mix

The electrical energy cost of agitating dice cream mix is calculated

by the following procedure. It is assumed that a total of 6 hours of
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agitation by a 1 horsepower agitator is required to make 2,775 gallons of

ice cream. If the motor is 75% efficient and under a load which is 757 of
the rated capacity, the‘electrical energy cost is:

BTU

(1 hp) (2345 hr—hp) (6 hr) (0.75 load) BTU

(2775 gal ice cream) (0.75 efficiency) =53 gal. ice cream

Ice Cream Freezer (Electrical Energy Costs)

It is assumed that a 900 gallon per hour ice cream freezer requires
a 75 horsepower motor to run it. . If the motor is 85% efficient and under

a load which is 75% of its rated capacity, the electrical energy cost is:

(75 hp) (2545 22 (0.75 load)

hr-hp - 187.1

o Bal ice creamy (5 g5 efficiency)

BTU
gal. ice cream

(90

Energy Calculation No. 14.14

Processed Cheese Grinding

A 5000 1b/hr grinder requires a 100 horsepower motor. If the motor
is 85% efficient while under a load which is 75% of the rated capacity,

the electrical energy cost to grind cheese is:

BTU
(100 hp) (2545 hr~hp) (0.75 load) i BTU

1bs g?eese) (0.85 efficiency) 1b cheese

(5000

Agitation During the Cooking of Processed Cheese

It takes about 30 minutes to complete the cooking operation for pro-
~cessed cheese.. If a 10 horsepower motor is required to agitate a 2500
pound batch of prgcessed cheese and if the motor is 857% efficient while
under a load which is 75% of the rated capacity, the electrical energy

used for agitation is:
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BTU hr
(10 hp) (2545 hp*hr) (0.75 load) (0.5 batch) ) ’ BTU
(2500 1bs cheese) (0.85 efficiency) = 4.5 1b cheese
batch ' ‘1 y

Processed Cheese Packaging Machines

It is estimated that a packaging machine for processed cheese would
require a 1 horsepower motor aﬁd 2 kilowatts of heating for-a 5000 pound
per hour machine. If the motor is 75% efficient while under a load which

is 75% of its rated capacity, the electrical energy cost is given by:

BTU

o |
(1 hp) (2545 ——hﬁf———hr) (0.85 load) (2 k) (3413 om0 U

1bs cheese . + 1bs cheese. 1.9 1b cheese
(5000 “*"75?—“—~) (0.75 efficient) - (5000 —“——75;*“-)
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ENERGY CALCULATION NO. 15.00

Hot Water for the CIP System

A typical wash cyc;e for a Clean-In-Place system is:
1. A 5 minute rinse with 1GO°Fvwater which goes down the drain.
2. An alkali wash fof 30 minutes with a 160°F solution which is
recirculated and returns at an estimated 130°F.
3. ’A rinse with 100°F water for 5 minutes which goes down the drain.
4. A sanitizing cy;le (chlorinated cold water) circulating for ten
minutes.
For equipment with milk touching heated surfaces a ZO‘minute acid wash precedes
the sanitizing. The acid wash water is assumed to leave at 165°F and return
~at 130°F. 1If the‘culihary water temperature is 60°F and the flow rate through
the system is 50 GPM (a minimum velocitonf 5 feet per second is needed for

proper cleaning) the steam energy cost of each cycle is:

1b H,0 BTU
(10 min) (50 G.P.M.) (8.3 gal ) (1 1b H,0-°F) (40°F) +
o 1bs H,0 ' BTU _ . BTU
(30 min) (50 GPM) (8.3 gal ) (1 1b HZO— F) (35°F) = 604,287 cycle

If an acid wash cycle is needed, the extra cost is:

1b H,0 BTU , _BTU
(20 min) (50 GPM) (8.3 gai ) (1 1b H20-°F) (35°F) = 291,725 cycle

The following table relates the steam eﬁergy consumed by the CIP system for
various products. The energy cost is calculated by multiplying the energy cost
Lor a regular CIP cycle and for the acid wash cycle times the number of regular
and acid CIP cycles per day respectively. Then summing the products and dividing

by the average daily production gives the steam energy cost per unit produced.




Steam Energy Requirements for CIP cleaning

635

Table 6~15a
Energy  Energy : Steam
Cal. Req'd BIU " ‘Cycles. BTU Acid cycles Daily Energy
No. For CIP cycle. -day -acid-cycle. ~day.- -Production Req'd
15.01 Fluid o o gal - BTU
Milk . 604,287 19 291,725 1 21,000 ‘day 561 gal., milk
15.02 Cheddar . _ : e 1bs BTU ,
Cheese 604,287 13 291,725 1 13,333 day 611 1b. cheese
15.03 Cottage | | b | BTU
Cheese 604,287 13 291,725 1 43,950 day 185 1b. cheese
15.04 Sour - 16 “BTU
Cream 604,287 1 291,725 1 . 12,000 day 75 1b. sour crear
15,05 Cream : - , - 16 BTy
: Cheese 604,287 2 291,725 1 3,600 day 417 1b. cheese
15.06 Cultured o gts. BIU
Milk 604,287 2 291,725 1 12,279 day 122 gqt. cult., milk
15,07 Dried : lbs. BTU
' Whey 604,287 6 291,725 2 7,200 day 585 1b. powder
1bs, BTU
15,08 Butter 604,287 7 291,725 2 11,222 day 429 '1b. butter
15.09 Dried lbs. BTU
Milk 604,287 16 291,725 2 21,150 day 485 1b. powder
15,10 Instantized ibs. BTU
Milk 604,287 1 291,725 0 10,575 day 57 1b. powder
15.11 Dried ~ lbs. BTU
Buttermilk 604,287 1 291,725 0 1,046 day 578 1b. powder
15,12 Evaporated » 1bs. BTU
Milk 604,287 17 291,725 2 142,857  day 76 1b. evap. mill
15.13 Ice ~ - opall BIU
Cream 604,287 7 291,725 1 3,846 day 1176 gal. ice crear
15,14 Processed lbs. BYU
Cheese 604,287 8 291,725 8 day 26 1b. cheese

280,000
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ENERGY CALCULATION NO. 16.00

Hot Water for Manual Washing

Steam energy is used to heat water to wash items which must be disassembled
to be cleaned., The items will be washed a batch at a.time in a 100 gallop wash
'ténk., It is assumed that each batch requires 50 gallons of 100°F rinse water,
100 gallons of 150°F wash water, and after rinsing with éool water and
réfilling with 100 galloﬁs of 60°F water, the ténk is heated to 180°F for

. sanitization. With a 60°F water source, the steam cost per batch washed is:

. 1b H,0 BTU 1b H,0
. 20 _BiU , :
(50 gal) (8.3 gal ) (1 1b H,0-°F) (40°F) + (100 gal) (8.3 gal )
BTU 1b H,0 BTU
1 1b }{20~°F) (90°F) + (100 gal) (8.3 gal ) (1 1b H,0-°F) (120°F)
= 191,820 U
batch

The following table relates the steam energy cost of Manual Washing for
various products. The energy cost is derived by multiplying the above energy
cost per batch by the number of batches washed per day and divided by the
daily production;‘ For plants ha&ing to wash cheese vats, it is assumed
that the above cost per batch could also bevthe cost to wash a vat producing

2000 1bs. of cheese.
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Table 6-16a Steam Energy Requirements for Manual Cleaning
Energy Energy BTU Batches Production Steam Energy
Cal. Req'd Batch. ‘day - day Req'd
No. 20 3 o T LR R IR EEERTT
16.01 Fluid o . - . ‘gal. " BTU .
Milk 191,820 3 21,000 day 27 ‘gal. milk
16.02 Cheddar : "~ 1bs, BTU .
Cheese" 191,820 13 13,333 day 187 1b. cheese
16,03 Cottage - T 1bs - BIU- .
Cheese 191,820 19 43,950 day 83 -1be cheese
16.04 Sour - " 1bs, BTU
Cream 191,820 1 12,000 day 16 1b. sour cream
16.05 Cream - - ‘1b. BTU
Cheese 191,820 1 3,600 day 53 1b. cheese
16.06 Cultured gts. ‘ BTU A
Milk 191,820 1 12,279 day - 16 qt. cult. milk*®
_ 1bs. BTU
16.08 Butter 191,820 4 11,222 day 68 1b. butter
16.09 Dried ‘1bs. " BTU
Milk 191,820 1 21,150 day 9 1b. powder
16.12 Evaporated lbs. BTU
Milk 191,820 2 142,857 day 13 1b. evap. milk
16.13 1Ice, ‘ gals. BTU
: Cream 3 day 150 gal. ice cream

191, 820

19,231
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ENERGY CALCULATION NO. 17.00

Double Effect Evaporator (Steam_CostS)

Steam energy is used to concentrate dairy~produc£s in a vacumn evaporator.
One manufacturer specifiesvtﬁat his double effect evaporator with vapor
prebeaters and a thermocompressor will consume 0,344 lbs; of steam for every
1b. of evaporation. This includes the cost of air ejectors and preheating

to 165°F. This cost translates to:

1bs. steam BTU BTU

- (0.344 1b H,0 removed) (1000 1b. steam) = 344 1b 1‘1;6 removed

The following table relates the steam energy consumed in‘running the
evaporator during the processing of various daify products. The energy cost
is derived by multiplying the adee evaporation cost times thé pounds of
water evaporated per pouﬁd of material entering the evaporator, times the

ratio of the mass of material evaporated to the mass of product produced.




Table 6-17a

Steam Energy Requirements for a Double Effect Evaporator

Energy Energy Material Change in Lbs. of water BTU Lbs. of original Steam
Cal. Req'd Concentrated % solids Removed per 1b. 1b H20 removed material per 1b. Energy
No. For Concentration of original of concentrated Req'd
material o - product
17.97 prieqd 67 solids . 1bs H,0 1bs 6% whey BTY
Whey whey 6% - 40%Z  0.85 1b 6% whey 344 16.1 1b whey powder 4708 1b. whey pow
17.09 Dried 1bs Hy0 ' lbs skim milk ,q7¢ BIU .
Milk skim milk 9% -2 40% 0.775 1b skim milk 344 10.8 1b dried milk 1b dried mil]
17.11 Dried 4 , 1bs H,0 ' :  1bs buttermilk TTU
Buttermilk Buttermilk 9% —= 40% 0.775 1b buttermilk 344 10.8 1b dried 2879 1b dried but
. buttermilk milk
17.12 Evaporated 1bs H.O L 1bs milk BTU
Milk whole milk  12.5% =>25%Z 0.5 1b mi%k 344 2 1b evap. milk 344 1b evap. mi

6€-9
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Section 6-18

ENERGY CALCULATION NO. 18.00

Heating the Plant

The steam energy consumed for heating costs for one heating season
will be approximated by using values given by Jennings and Lewist! They
estimate that for heating manufact;ring buildings the steam consumption
per lOOO‘Ft.3 per degree day is 0.81 1b. The heating season is considered
as October 1 through May 1 (212 days). Assuming a typical degree day
center for the intermountain west is Salt Lake City, Utah with 5555 degree

days, the steam consumption per cubic foot of heated space can be calculated

as:
1bs steam degree days BTU . BTU
(0.81 degree day -MCF) (5555 year )Y (1000 1b steam) = 4500 ft3 - year
ft.> : ,
(1000 MCF )

The following table relates, for various dairy.products, the steam energy
consumed in heating the plant in which the products were made. The energy cost
ishderived by multiplying the above energy cost per cubic foot times the cubic
feet of heated space in the building, times an apportioning factor, and divided
by the yearly production of product produced in the plant. The heated space
in a building will not include the boiler, refrigeration, or spray drying
rooms where the equipment in these rooms will furnish most the heating needed
and neither will any cold storage rooms be inciudedk An apportioning factor
is necded for plants manufacturing more than one product, The fraction of the
cost of heating the plant which is attributed to a specific product is the
apportioning factor and is equal to the fraction of the raw milk which enters
the plant and goes into that particular product. If a plant produces only

one product the apportioning factor is 1.0.




Table 6-18a

Steam Energy Requirements to Heat the Plant
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4500

1.0

Energy Energy Ft3 of ‘ Steam
- Cal. Req'd Heated BTU ‘ Apportioning Yearly Energy

No. For Space  gy3-year Factor Production Req'd
18.01 Fluid _ ) g gal B

Milk 278,286 4500 1.0 . 5.46x10 year 229 gal., milk
18,02 Cheddar - ‘ . ‘1bs’ " BTU

Cheese 457,528 4500 1.0 4.16x10° year 495 1b. cheese
18,03 Cottage ° 6 ‘1bs BTU

Cheese 300,918 4500 0.75 11.4x10° year 89 1b. cheese
-18.04 Sour 6 1bs BTU

Cream 300,918 4500 0.05 3.12x10  year 22 1b. sour cream
18,05 Cream ¢ 1bs BTU '

Cheese 300,918 4500 0.10 0.94x10 year 135 1b. cheese
18.06 Cultured 6 qts. BTU

Milk 300,918 4500 0.10 3.19x10" year 40 qt. cult. milk

: ‘ 6 1bs. BTU .

18,08 Butter 167,610 4500 0.05 4.08x10" year 9 1b. butter
18.09 Dried i 6 1bs. BTU

Milk 167,610 4500 ..0.90  7.7x10 year 88 1b. powder
18.11 Dried - 6 1bs BTU
: Buttermilk 167,610 4500 0.05 0.38x10° vyear 99 1b. powder
18,12 Evaporated . 7 lbs BTU

Milk 243,800 4500 1.0 5.2x10" - year 21 1b. evap. milk
18,13 Ice ¢ fals. BTU

Cream 211,898 4500 1.0 1.0x10 year 954 gal. ice cream
18.14 Processed : 6 Ibs BTU

Cheese 471,250 87.4x10° year 24 1b. cheese
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Section 6-19

ENERGY CALCULATION NO. 19.00

Product Heating

Much of thé,Steam energy used in the‘dairy industry goes for heating
the product, to pasteurize‘it; or to facilitate further processing such
as cheese making or spray drying. The steam energy required will be calculated
by multiplying.the specific heat of product times the product temperature
change., If the product is heated in a high temperature-short time (HTST)
pasteurizer, most of the temperature change comes in the regenerative
section which uses previously heated products as a heat source. Thus on the
HTST systems, only the temperature changes in the heating section are counted
as energy costs. Héating by means other than a HIST plate heater will be
designated as vat heating or pasteurization. Some materials will be pasteurized
twice. Cream, for example, is separated and pasteurized one day and a day
or two later it is recombined with raw whole milk to make cottage cheese
dressing‘and pasteurized again.

The following table will relate the steam energy used in product
heating. The energy cost of heating a material is derived by mulﬁiplying the
specific heat of the material by the temperature change it goes through,
times the ratio of the amount of material heated to the amount of desired
product broduced. Since several materials may be heated separately in the
production of one prodﬁct, each material heating cost will be summed to

form a total product heating cost.
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Table 6-19 a  Steam Energy Requirements for Product Heating

. _ , ' Lbs. of material
Energy Energy Material Method Specific..Temperature per unit Steam

Cal. Req'd Heated of Heat change in product Energy
No. For - »vHeating - L OR wproduced. - - Req'd
19,01 Fluid . - "1bs milk BTU
Milk i lk - HTST 1.0 . 143--165 8.6 gal milk 189 gal. milk
19.02 Cheddar . ’ ©1bs milk BTU
Cheese milk HTST 1.0 110-»162 10 1b cheese 520 1b cheese
’ ) 1bs milk BTU '
milk Vat 1,0  88-»102 10 1b cheese 140  1b- cheese
. : " 1lbs starter . . BTU
starter . vat 1.0 70-+190 0.2 "1b cheese 24 - 1b cheese
BTU
- 684 1b cheese
19.03 Cottage ) ' 3890 .1bs milk BTU
Cheese skim milk HTST 1.0 151162 3.76 1b cheese 237 1b cheese
) 3890 1bs cream BTU
40% cream HIST 0.85 154%170 0,1 1b cheese 6 1b cheese -
’ . . lbs dressing BTU
dressing Vat 0.90 38-+170 0.33 1b cheese 40 1b cheese
. 1bs milk BTU
skim milk Vat 1.0 90124 3.76 1b cheese 128 1b cheese
: 1bs starter BTU
starter Vat 1.0 70190 0,19 1b cheese 23 1b cheese
. BTU

434 1b cheese

19.04 Sour 40% cream HTST 38-+90 1bs cream BTU
Cream : 0.85 154.170 0.39 1b sr. cream 23 1b sour cream
] ‘ : 1bs cream BTU
18% cream Vat 0.9 38-170 1.0 1b sr. cream 119 1b sour cream
. 1bs cream BTU
Starter Vat 0.9 70190 0.02 1b sr. cream 2 1b sour cream
BTU :
. : 144 - 1b sour cream
19.05 Creanm : 38-+90 1bs 407 cream BTU
Cheese 407% cream HTST Q.85 154-%17Q 0.76 1b cheese 44 cheese
. 1bs 5% cream BTU
5% cream Vat 0.9 38-170 2.5 1b cheese 297 1b cheese
. 1bs cheesca BTU
cream cheese Vat 0.9. 654150 1.0 1b cheese 77 1b cheese
‘ 1lbs starter BTU
Starter Vat 1.0 70190 0.01 1b cheese 1 1b cheese
. BTU

419 1b cheese




19.06

19,07

19.08

19.09

19,11

19.12

19,13

19,14

Table 6-19a (continued)

644

Steam Energy Requirements for Product Heating

Lbs. of material

Energy Material Method Specific Temperature per unit Steam
Req'd Heated of Heat change in  product Energy
For Heating °F produced Req'd
Cultured . -« 1bs mil 23 BTU
Milk milk Vat 1.0 40190 2,15 qt. cult. milk qt. cult.
- * 1b.. starter BTU
starter Vat 1.0 70 4190 .022 gqt. cult. milk 3 ut. cult.
' BTU
326 qt. cult.
G e milk
Dried . . 1bs. conc. whey BTU
Whey conc. whey Vat 0.9 40-+165 2,5 1b. powder 281  1b. powder
cream from 1bs cream BTU
Butter separator HIST 0.85 73=85 . .2 1b butter 20 1b butter
: 1bs cream BTU
40% cream HTST 0.85 142--180 2. 1b butter 65 1b butter
lbs cream BTU
40% cream = Vat 0.85 40 50 2 1b butter 17 1b butter
: BTU -
102 1b butter
Dried 1bs milk BTU
Milk skim milk HTST 1.0 73-+-85 10.8 1b powder 130  1b powder
1bs conc. 113 BTU
conc. milk Vat 0.9 115-2165 2.5 1b powder 243 1b powder
Dried 1bs. conc, BTU
Buttermilk concentrate Vat 0.9 115-2-165 2.5 1b powder 113  1b powder
* lbs milk BTU
Evaporated milk Vat 1.0 1652205 2,0 1b evap., milk 80 1b evap.
Milk milk
Ice ice cream 1bs mix BTU
Crean mix HTST 0.82 146-+180 4.95 @ml ice cream 138 gal. ice
cream
Processed 1s cheese BTU
Cheese cheese Vat 0.6 40->-160 1.0 1b cheese 72 1b cheese
*

The double effect evaporator includes the cost of heating from 40°F to 165°F

e s g e g
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Section 6-20

ENERGY CALCULATION NO. 20.00

Steam Line Losses

It is assumed that most dairy processing plants have approximately
the same amount of steam lines per square foot of floor space;A’Using a
plant described by Tfac&lz which proceéses cheddar cheese, the steam line
losses per square foot of heated floor space will be calculated and this
factor will be applied to the other dairy plants in Ehis study. The following
floor plan shows the assumed layout of steam lines and their assumed sizes..
The following assumptions are made about the layout:
1. There is a 10 foot drop at the end of each line.
2. All pipes are covered with 1 1/4 inches of magnesia insulation
_BTU_
(k = 0,041  hr-Ft-°F)
3. The temperature outside the pipe is 340°F and outside the insulation it
is 120°F.

4, The following lengths of pipe are used

_Pipe Diameter Length
6 inch 37 feet
5 inch | 210 feet
4 inch - - 160 feet

2 inch 280 feet

1 inch ‘ 723 feet
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The heat loss through the insulation on the steam lines is calculated
using the following formula for steady<state axial heat conduction in
cylinders:

q=_2 9 K L (Ti —To)

" 1In (ro/ri)
where K = conductivity
L =~length'
Ti = inside temperature
To - outside temperature
ro = outside radius

ri = inside radius
q = heat loss
Summing the heat losses for each pipe diameter used, the heat loss for the
system'is:
' BIU
119,732 hr

To compénsate for uninsulated valves and hangers, 10% is added to the above

sum giving:
' : : 5TU
131,760 hr

Along with every steam line there is usually a.condensate return line. The
following assumptions will be made about the condensate lines:

1. The over-all length of pipe needed equals that of the steam line

but the diameters are smaller.
2. All pipes are covered with 1 1/4 inches of magmesia insulation.

3. The temperature outside the pipe is 200°F and outside the insulation

is 100°F,
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4. The following lengths of pipe are used;

Pipe.Diameter ~ Length
2 inch | | 37 feet
1 1/2 inch 370 feet
3/4 inch 1003 feet

The heat loss is calculated in the same way as done for steam lines giving:
34,006  BTU/hr
Adding 10% for uninsulated valves and hangers gives:
37,784  BTU/hr
The heat losses from the boiler itself will be calculated by a method similar
to that of the steam pipes. The following assumptions are made about the boiler:
1. The boiler is cylindrical in shape with a 7 foot diameter and a
‘17 foot length.
2. The entire surface area is covered with 1 1/2 inches of magnesia insulation.
3. The temperature outside the shell of the boiler is 340°F and ou?side
the insulation it is 170°F.
Using the same formula used for the steam pipes gives the heat transfef through
the cylinder portion of the boiler. This calculation gives .a value of:
21,216 BTU/hr
For the end plates which are flat, the Fourier equation gives the heat losses.

The equation is;

: dT
g = - KA dx
where K = conductivity
A = surface area
T = temperature

X = insulation thickness
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This calculation giyves the heat logses from the end plates as;

" BTD .

2146 hr

The total heat loss for the complete steam line system is:

Steam.lfnes _ 131;760 BTU/hr
Condensate lines 37;784 BTU/hr
Boiler 23;362- .vbeU/hr
TOTAL ' 192,906 - BTU/hr

The total square feet of floor space in this cheese plant excluding the cold
storage room is 39,921 ftz. The heat loss per square foot of floor space per

week is given by:

BTU hr day BTU
(192,906 hr ) (24 day ) (7 week) = 812 ftz week

(39,921 ft%)

The following table relates the steam line losses in the production of
various products. The energy cost is derived by multiplying the number of
square feet of applicable floor space times the above energy cost factor, times
an apportioning factor and then dividing the product by the weekly production
of the item of interest. The applicable floor space of a plant is the total
‘floor space less the area covered by cold storage rooms. The apportioning
féctpr is needed in plants manufacturing more than one product. The fraction
of the cost of steam line losses which is attributed to a specific product is
the apportioning faqtor and is equal to the fraction of the raw milk which
enters the plant and goes for that particular product. If a plant produces

only one product, the apportioning factor is 1.0,
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Table 6-20a Steam Energy Requirements from Steam Line Losses
Energy Energv  Applicable _  BTU . Apportipning Weekly Steam
Cal. Req'd Floor . th*week' Factor Production Energy
No. For Space. ‘-
: Req'd

20.01. Fluid . ) ' . ——— - BT

Milk 24,393 Ft 812 1,0 105,000 week 189 gal. milk
2Q.02 . Cheddar - 2 . : lbs © BTU

Cheese 33,715 Ft 812 . 1.0 80,000 week 342 1b. cheese
20.03 Cottage : ) - 1bs BTU

Cheese 25,632 Ft 812 0.75 - 219,750 week 71 1b. cheese
20.04 Sour 9 1bs , BTU

Cream 25,632 Ft 812 0.05 60,000 week 17 1b. sour cream
20.05 Cream : 2 : 1lbs BTU

Cheese 25,632 Ft 812 0.10 18,000 week 116 1b. cheese
20.06 cultured qts BTU

Milk 25,632 Ft2 812 0.10 61,395 week 34 qt. cult. milk

1bs BTU

20.08 Butter 18,593 Ft? 812 0.05 78,554 week 10 1b. butter
20.09 Dried 2 1bs BTU

Milk 18,593 Ft 812 0.90 148,050 week 92 1b. powder
20.11 Dried . 2 1bs’ BTU

Buttermilk 18,593 Ft 812 0.05 7,322 week 103 1b. powder
20.12 Evaporated '2 6 1bs BTU

Milk 21,760 Ft 812 1.0 1x10 week 18 1b. evap.milk
20.13  1Ice ' 2 gals © BTU

Cream 19,041 Ft 812 1.0 19,231 week 804 gal. ice cream
20.14 Processed 2 ¢ lbs BTU

Cheese 38,250 Ft 812 1.0 1.68x10 week 18 1b. cheese

[
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Section 6-21

ENERGY CALCULATION NO; 21.00

Miscellaneous Steam Energy Calculations

Energy Calculation No. 21.01-

Milk Bottle Washing

A 1080 bottle per hour washing machine requires 4 boiler horsepower
to operate, Assuming 25% of the product is bottled and the bottles hold

1/2 gallon, the steam energy cost is given by:

BTU
(4 B hp) (33,472 ﬁfﬁﬁjﬁ?) (0.25) i BTU
(1080 bottles) .5 gal ) gal milk

hr bottle

Energy .Calculation No. 21.10

Instantizer (Steam Costs)

Steam is used to increase the moisture content and to heat the air to
redry powder. Tracy estimates that a 2000 1b per hour instantizer requires

1.19 x 169 BTU per hour. This translates to:

6 BTU
(1.19 x 16 he ) ~oos BTU
lbs 1b powder
(2000 E;_)

Energy Calculation No. 21.12

Sterilization of Canned Milk

It is assumed that the energy cost ol running a continuous can steri-
lizer is approximated by the 'energy cost of heating the product plus 50%.
The evaporated milk is heated from 40°F to 245°F and that cost is given by:

L BTU _ g5 BT
(1b evap milk ~ °F) (205°F) 1b evap milk

0.9
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Adding 50% gives:
BTU
1b evap milk

293

Energy Calculation No. 21.14

Processed Cheese Plant Manual Cleaning

Although manual cleaning in processed cheese plants consumes a portion
of the total steam energy cost, it 1s still difficult to derive a cleaning
cost that will fit most plants. This is beéause of the Variability of the.
manual cleaniné methqd. Commonly, hot water or éteam spray guns are used
to melt and blow cheése off the floors and equipment. It is estimated that
the plant in question would draw a load of 325 boiler horsepower during
the cleaning procedure, which requifes 4 hours to complete. This translates

“to:

BTU hr

(325 boiler hp) (33,472 =) (4 ) Ls5 _ BIU

(280,000 1bs cheese/day) B 1b cheese
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_Section 622

ENERGY CALCULATION NO. 22.00

Cold Storage Rooms

Basic Assumptions

All the cold storage rooms considered will be at either 40°F or
-20°F. The -20°F temperature is used only in ice cream hardening rooms,
The rooms will be insulated with the.equivalent of 4 inches of corkboard
surrounding the 40°F room and 9 1/2 iﬁches of corkboard surrouﬁding the
-20°F room. The average outside conditions will be estimated at 85°F and

60% relative humidity.

The estimating procedure will follow a seven step outline.

Step 1

Using thé ASHRAE Handbbok of Fundamentalsz, the heat transfer rate

through the walls, ceiling, and floor is estimated at 81 BTU/ft2 - 24-hr

for both the 40°F and the -20°F fooms. Thus, the heat infiltration through

walls, ceiling and floor 1s gi&en by:
BTU

(81 ftznday)

(surface area of cooler) = cooling load

Step 2

To account. for the air infiltration due to loading and unloading,
the ASHRAE Hnndbook3 gives a table showing the number of air changes per
day versus the volume of the cooler. The heat removed in cooling outside

air to storage room conditions is also tabulated. The cooling costs per
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cubic foot to cdol air from the assumed outside conditions is 1.56 BTU for
the 40°F room and 3.24 BTU for the -20°F room. Thus, the cooling load due

to air infiltration in a 40°F room is given by:

(number air changes/day) (volume of room) (1.57 §2%~ = cooling load
ft
For the -20°F room, the cooling load is given by:
\ ' BTU .
(number air changes/day) (volume of room) (3.24 —3) = cooling load
‘ ft

Step 3

The heat gain from lights will be estimated by assuming there is one
100-watt fluorescent light per 50 ft2 of floor space running 8 hours per

day. The heat gain per square foot of floor space is given by:

BTU hr
- (110 watt) (3.41 trmeart) day) 5o BT
(60 f£t2) £e’-day
The heat gain for the entire room is then given by:
(50 ——%IH—~) (ft2 of floor spate) = cooling load
ft"-day ‘

Step 4

- The heat gain from electric motors running the fans will be estimated
by assuming the motors are 75% efficient and under a load which is 75%
of the rated capacity. If the fans run two~thirds of the time, the heat

gain per horsepower used is:

c, . . BTU hr .
(2545 hr—hp) (1b day) (0.75 load) 40,720 _BIU
(0.75 efficiency) s hp-day

The total heat gain from motors is glven by:




N
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~§§%5§) (Total hp used) = cooling load

(40,720 fp

.Step 5

The cooling loads from Steps 1-4 are added together and then converted
to a refrigeration cost per unit production of a specific item. This is

done by the following formula:

(sum of cooling loads) _ _cooling load
(daily input of product into cold room) unit production

ff:more than one type of product enters the‘cold storage room, the above
cooling cost is multiplied by the fraction the mass flow rate of the product
being considered to the total mass flow rate of»produets going into the

cold storage room.

Step 6

The cooling load from lowering the incoming product temperature to

~that of the cold storage room is estimated by:

cooling load
production

(specific heat of product) (temperature change) =

The above formula will function for all products with the exception of
ice cream. The ASHRAE Haﬁdbook6 estimates the load for lowering the temper-

ature of ice cream in a hardening room as 458 BTU/gal for 85% overrun ice

Cream.

Step 7

The total refrigeration load will be estimated by adding the results
of Step 5 and Step 6 together. For dce cream an additional factor is
needed, The energy cost to refrigerate an ice cream hardening room at

-20°F is more than a 40°F cold storage room with the same cooling load. A
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typical ammonia refrigefation system in a dairy plant uses 25 psig suction
pressure in the evaporator in a 40°f cold storage room and 0 psig spction
pressure in a —20°F hardening room. ‘The usual procedure in compressing the
ammonia vapor is to first compress the vapor from O psig to 25 psig, then
cool the vapor and compress it again to about 185 psig. Thus} the cooling
load for the -20°F hardening room must run through an extra compressor
and an intercooler._ Tracy17 recdmmends that 51.4 horsepower are required
in the booster compressor to pump from 0 psig to 25 psig and handle 68.7 tons
of refrigeration. He also recommends that 105.2 horsepower are>required in
the 25 psig to 185 psig éompressor to haﬁdle 75.4 tons. If the motors are
85% efficient, this translates to 0.187 BTU of electricity for every BTU
of cooling for the‘booster compressor and 0.349 BTU of electricity for
every BTU of éooling in second stage compressor.  Thus, the -20°F hardening
room requires 53.67 more energ& for the same cooling load than a 40°F room.
Also, Tracyl7 recommends that 11.6% of the cooling . load géing to the harden-
ing room is‘required for the intefcooler. fherefore, by increasing the
calculated cooling load for hardening room by 65.2% and treating it like
a cooling load from a 40°F room, the correct energy cost of the ice cream
hardening room is obtained.

All cooling loads for dairy plant cold storage rooms will be calculated

following the above procedure.

Energy Calculation No. 22.01

Fluid Milk Cold Storage Room

The dimensions of the cooler are:
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E\\
80"

\%m’ :
. N 40—

volume = 32,000‘ft3
% surface area = 8,800 ft3

floor space = 3,200 ft3
QA temperature = 40°F

Following the outline in Energy Calculation No. 22.00, the cooling loads

are:

Step 1.

Step 2.

‘Step 3.

Step 4.

Step 5.

If there is an average of 15,000 gallons of milk go through the cooler

Heat infiltration through walls, ceilings and floors.

81 -BIY _y (8800 £t2) = 712,800 132”;

ft ~day

Heat gain from air changes.

3

(2.6 w) (32, ooo f e @ 57 B ——-) 130,624 _B_?Fﬂ
ft day

Heat gaiﬁ\from lights.

50 —BIY 1y (3200 £t%) = 160,000 22

ft"-day day

Heat gain from motors.

It is assumed there are 4 ~ 1/2 hp motors.

BTU ) (2 hp) = 81,440 T BTU

(40,720

Sum of cooling loads.

The sum of Steps 1-4 is 1 084,864 BTz

per day, the cooling cost per gallon is:

BTU
(1,084,864 ay) yq BTU__
(15,000 82 ‘qug}k) gal milk

day
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Step 6. -Cooling incoming product.

Besides the cooling of milk from 45°F to 40°F, steel cases
holding fhe milk containers‘are cooled from 75°F to 40°F.
" The cases weigh 8 1bs and hold 2 gallons of milk. The
specific heat of the case is 0.2 BTU/1b-°F.

Thus, the incoming product cooling load is given by:

( Jiﬁijﬂﬁéik) 0.2 ___nglﬁ—ﬁ_ﬁ) (35°F)

BTU o 1b milk case 1b steel="°
A mik—m O 0 @6 gt pal milk
‘ (2 )
» case
_ .. _BIU
=71 gal milk
Step 7. Total cooling load.
' BTU BTU N BTU
2.3 i mie © U1 gar i = Y4303 at mitk
Energy Calculation No. 22.02
Cheddar Cheese Cold Storage Room
The dimensions of the coolef are:
™~ | Volume = 160,480 ft°
% Surface area = 26,326 ftz
———— o Floor space = 9,440 ft2
. 7 ¥
59! - ~— @ v Temperature =  40°F
S

\\\«ﬁc~ 160" >

Following the outline in Emergy Calculation No. 22.00, the coolings loads

are:

Step 1. Heat infiltration through walls, ceilings, and floors.

BTU

BTU
. ) (26,326 £t2) = 2,132,406 LY
day

(81 -
ft-~day
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Step 2. Heat gain from air changes

For this room there are 1.2 air changes/day.

air changes Ft3 -BTU ‘ BTU
(1.2 day ) (160,480 change) (1.57 Ft3 ) = 302,344 - day

Step 3. Heat gain from lights

By ) B1U
(50 Ft~day) (9440 Ft°) = 472,000 day

Step 4. Heat gain.ffom motors.,

It is assumed there are 8 - 1 hp. motors,

BTU | ~ BIU
(40,720 hp-day) (8 hp) 325,760 day

1

Step 5. Sum of cooling loads.

‘ BTU
The sum of Steps 1-4 is 3.23x10 day.

"There is an average of 11,429 1bs. of cheese through the cooler

per day. The cooling cost per pound of cheese is:

BIU | 3w
(3.23x10° day) = 282.8 1b cheese
1bs. cheese
(11,429 day
Step 6. Cooling incoming product.

The incoming cheese is cooled from 70°F to 40°F and has a specific
BTU
heat of 0.6 1b cheese -°F.

BTU BTU )
(0.6 1b. cheese =°F) (30°F) = 18 1b. cheese

Step 7. Total Cooling load.
319 BTU BTU
(282.8 1b. cheese) + (18 1b. cheese) = 300.8 1b. cheese




Energy Calculation No. 22.03

Cottage Cheese Cold Storage Room

The dimensions of the cooler are:,

\_%___ \\\\qs:~ 750 e

Volume .
Surface
Floor s

Tempera

6~60

= 39,375 P>

B 3
area = 8,775 Ft
pace = 2,813 Ft3
ture = 4L0OC°F

Following the outlihe in Energy Calculation No, 22,00, the cooling loads are:

Step 1. Heat infiltration through walls, ceiling and floor,

BTU
(81 Frl-day) (8775 Ft2) =

Step 2. Heat gain from air changes.

BTU

710,775 day

For this room there are 2.3 air changes/day.

3

air changes Ft BTU
(2.3 day ) (39,375 change) (1.57 Ft3)
Step 3. Heat gain from lights.
BTU BTU
(50 Ftl-day) (2813 Ft2) = 140,650 day
Step 4. Heat gain from motors.

f

It is assumed there are 6

1Y
(40,720 hp-day) (3 hp)

1

1/2 hp. motors.

BTU

122,160 day

BTU
142,183 day
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Step 5. Sum of the cooling loads.

6 BTU
The sum of Steps 1-4 is 1.116x10° day.

Therejis an average of 31,393 1lbs. of cottage cheese through the
cooler every day. But there is also 2,571 1lbs. of cream cheese, 8571 1bs.
of sour cream, and;18;856 1bs. of'cultured milk which go through.the
cooler. Therefore only 517% of the load from Steps 1-4 should be
attributed to cottage cheese production, of:

BTU ' . BTU

(l.ll6xlO6 day) (0.51) = 18,1 1b. cottage cheese
- lbs. cottage cheese
(31,393 day ' )

Step 6, Cooling incoming product.

The cottage cheese is cooled from 45°F to 40°F and has a specific
BTU :

‘heat of 0.7 1b ~°F.

BTU "~ BTU

(0.7 1b cheese =°F) (5°F) = 3.5 1b. cottage cheese

Step 7. Total Cooling Load.

BTU BTU : BTU
(18.1 1b cottage cheese) + (3.5 1b cottage cheese) = 21.6 1b. cottage
' cheese




Energy Calculation No. 22.04

Sour Cream Cold Storage Room

The dimensions of the cooler are:

~

'¥ Volume =

5N ‘ 14! Surface area =
|

37.5 Ny L Floor Space =

FolloWing

Step

Step

Step

Step

\\\\an— 75" %

I

Temperature

the outline in Energy Calculation No. 22,00, the cooling lo

1. Heat infiltration through walls, ceiling and floors.

BTU 5 BTU
(81 th—day) (8775 Ft°) = 710,775 day
2. Heat gain from air chahges.
For this room there are 2.3 air changes/day.

air changes Ft3 _ BTR

(2.3 day ) (39,375 change ) (1.57 Ft~ ) = 142,183
3. Heat gain from lights.,

BTU BTU

140,650 day

(50 Ttl-day) (2813 Ft2)

4. Heat pain from motors.

It is assumed there are 6 - 1/2 hp motors.

BTU BTU
(40,720 ho-day) (3 hp) 122,160 day

i

8,775 Ft
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39,375 Ft3

2

2,813 Ft?-

40°F

ads are:

BTU
day
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Sﬁep 5. Sum of the cooling loads.

_ BTU 7
The sum of Steps.l-4 is 1.116x10° day . There is an average of

8,571 1bs. of sour cream through the cooler every day. But there is
also 2,57lrlbs. of cream cheese, 31,393 lbé. of cottage cheese, and
18,857 1bs. of‘cultured milk which go through the cooler' every day.
Therefofebonly 14.0% of the load from Steps 1-4 should be attributed

to sour cream production, or:

0] -
(1.116x10°  day ) (0.14) , BTU
1bs. sour cream = 18.2 1b. sour cream
(8,571 day )

Step 6. Cooling incoming product.

The sour cream is cooled from 65°F to 40°F and has a specific heat
BTU '
of 0.9 1b.-°F.

BIU | ___BTU
(0.9 1b sour cream =°F) (25°F) = 22.5 1b sour cream

Step 7. Total Cooling Load

: BTU ‘ . BTU BTU
(18.2 1b sour cream) -+ (22.5 1b sour cream) = 40.7 1b sour cream




Energy Calculation No. 22.05

Cream Cheese Cold Storage Room

The dimenhsions of the cooler are:

’ { Volume =
s . oo .14
: | Surface area =
37.5" L

P VOSR
3

I

' Y
\\\\g&r_ 75!? ;:;>\ Floor space

Temperature

i
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39,375 Ft°
8,775 Ft2
2,813 p

40°F

Following the outline in Energy Calculation No. 22.00, the cooling loads are:

" Step 1. Heat infiltration through walls, ceiling, and floor.

TU 2 BTU
(81 Ft“-day) (8,775 Ft“) = 710,775 day

Step 2. Heat gain from air changes.

For this room there are 2.3 air changes/day.

3

air changes Ft . BTU
(2.3 day =~ ) (39,375 change ) (1.57 Ft3) = 142,183
Step 3. Heat gain from lights.
BT 5 BTU
(50 Ft"-day) (2,813 Ft ) = 140,650 day

Step 4. lleat gain from motors,

It is assumed there are 6 - 1/2 hp motors.

BTU BTU
(40,720 hp-day ) (3 hp) 122,160 day

i

BTU
day




6-65

Step 5. Sum of the cooling loads.

BTU
The sum of Steps 1-4 is 1.116x10° day. There is an average

of 2,571 1bs. of cream cheese through the cooler every day. But

there is also 31,393 1bs. of cottage cheese, 8,571 lbs. of sour cream,

and 18,857 1bs. of cultﬁred milk which go through the cooler every

day. Therefore, only 4.2% of the load from Steps 1l-4 should be

attributed to cream cheese production, or:

, BIU | B
(1.116x10 day) (0.042) = 18.2. 1b cream cheese
1bs  credm cheese . '
(2571, day )

Step 6. Cooling incoming product.

The cream cheese is cooled from 150°F to 40°F and has a specific
BTU '
heat of 0.9 1b-°F.

BTU ) ) BTU
(0.9 1b cream cheese -°F) (110°F) . 99 1b cream cheese

Al

Step 7. Total Cooling Load

BTU BTU BTU
(18.2 1b cream cheese) + (99 1b cream cheese) = 117.2 1b cream
cheese
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Energy Calculation No. 22.06

Cultured Milk Cold Storage Room

The dimensions of the cooler are:

o~

3

%Q Volume = 39,375 Ft

——
h : 14" ‘ Surface area = 8,775 Ft2
37.5" | S
\%““*“f . Y Fleor space = 2,813 th
SN 75—
Temperature = 4O°F

Following the outline in Energy Calculation No. 22.00, the cooling loads are:

Step 1. Heat infiltration through walls, ceilings, and floors.

BTU BTU
(81 TFtZ-day) (8,775 Ft2) = 710,775 day

Step 2. Heat gain from air changes.

For this room there dre 2.3 air changes/day.

air changes VFtB BTU  BTU
(2.3 day )y (39,375 change ) (1.57 Fto ) = 142,183 day

Step 3. lleat gain from lights.

BTU 9 BTU
(50 th—day) (2,813 Ft”) = 140,650 day
Step 4. leat gain from motors,

lt is assumed there are 6 ~ 1/2 hp motors.

BTU BTU

(40,720 hp-day) (3 hp) 122,160 day

1t
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Step 5. Sum of the cooling loads,

BTU
The sum of Steps 1-4 is 1.116x10 day. There is an average

of 18,857Albs. of.cultured milk through the cooler every day. But
there is‘also 2,571 1bs. of cream cheese,.8,57l 1lbs. of sour cream,
,aﬁd 31,393 1bs. of cottage cheese which go through the cooler every
day. Therefore, onl? 30.7% of the load from Steps 1-4 should be

attributed to.cultured milk production, or:

BTU ; lbs BTU
(1.116x10 day) (0.307) (2.15 qt) = 23.5 gt. cultured milk
1bs cultured milk B

(31,393 day )

Step 6. Cooling 'incoming product.

~The cultured milk enters the cooler at 40°F so no cooling load
is added hére.

Step 7. Total Cooling Load

BTU BTU BTU

(23.5 qt. cultured milk) + (0 qt. cultured milk) = 23.5 qt. cultured milk
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Energy Calculation No. 22,07

Butter Cold Storage Room

The dimensions of the cooler are:

Following

- Step

Step

Step

Step

? Volume = 21,840 Ft3
14! ) 9
A | Surface area = 5,416 Ft
N Y
\\\\Rk 591 __;; Floor space = 1,560 th
’ Temperature = 40O°F

the»butline given in Energy Calculation No. 22.00, the cooling loads are:

1. Heat infiltration through walls, ceiling, and floor.

,B U 9 BTU
(81 Ft"= day) (5,416 Ft7) = 438,696 day

2. Heat gain from air changes.

For this room there are 3.4 air changes/day.

air changes Ft3 BTU BTU
(3.4 day ) (21,840 air change) (1.57 Ft3 ) = 116,581 day

3, Heat gain from lights.

BTU BTU
(50 Frl-day) (1,560 Ft2) = 78,000 day
4. Heat gain from motors.

It is assumed there are 2 - 1/2 hp motors,

_ BIU BTU
(40,720 hp-day) (1 hp) 40,720 day

il
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S&ep 5. Sum of cooling loads.

BTU
The sum of Steps 1-4 is 673,997 day. There is an average of -

11,222 1bs of butter through the cooler every‘day. The cooling cost

per pound is:

BTY BIU
(673,997 day ) = 60.1 1b. butter
lbs butter o
(11,222 day )

Step 6. Cooling incoming product,

The butter is cooled from 50°F to 40°F and has a specific
BTU ' '
heat of 0.5 1b-°F.

BTU BTU
(0.5 1b. butter-°F) (10°F) = 5 1b. butter

Step 7. Total Cooling Load.

: BTU BTU BTU
(60.1 1b bgtter) + (5.0 1b butter) = 65,1 1b butter




Enerpy Calculation No. 22.12

Evaporated Milk Storaée Room

The dimensions of the room are:

Following

- Step

Step

Step

% Vo;ume = 1,000 Ft3

10" Surface area = 600 th

= ¢ , Floor space = 100 P2
\\\\tir‘ 10° '_:;>~ Temperature = 40°T
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the outline in Energy Calculation No. 22.00 the cooling loads are:

1. Heat infiltration through walls, ceiling, and floors.
BTU 2 BTU

(81 th—day) (600 Ft ') = 48,600 day

2. Heat gain from air changes.

For this room there are 17.5 air changes/day.

air changes Ft3 _ BTU
(17.5  day ) (1000 change ) (1.57 Ft3 ) = 27,475

3. Heat gain from lights.

: BTU BTU
(50 Ftl-day) (100 Ft?) = 5,000 day

Step 4. Heat gain from motors.

It is estimated there is 1- 1/2 hp motor.

BTU BTU
(40,720 hp-day) (0.5 hp) = 20,360 day

BTU
day
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Step 5. Sum of cooling loads.

BTU
The sum of Steps. l-4 is 101,435 day. There is 1425857 lbs. of

evaporated milk produced every day in this plant. The cost per pound is:

BTU ‘ BTU

(101,435 day ) = 0.7 1b evap. milk
1bs evap. milk _
(142,857 day )

Step 6. Cooling incoming- product.
It is assumed that the cooling load is small sinece only small

volumes of excess cream and milk are stored here.

Step 7. Total Cooling Load.

| BTU ' BTU ' BTU
(0.7 1b evap. milk) + (0 1b evap., milk) = 0.7 1b evap. milk
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Energy Calculation No. 22.13

Ice Cream Hardening Room

The dimensions of the room are:

Following

Step

Step

Step

Step

2 .

Volume o= 52,416 Ft3

Surface area = 10,960 Ft2

Floor>space = 3,550 Ft
- Temperature = ~20°F

the outline in Ené%é&A

Calculation No. 22.00, the cooling loads are:

1. Heat infiltration through‘walls, ceiling, and floor.

BTU BTU

(81 Fté-day) (10,960 Ft?) = 887,760 day

2. Heat gain from air changes.

For this room there are 1.97 air changes/day.

air changes P BTU BTU
(1.97 day ) (52,416 change) (3.24 Ft3 ) = 334,561 day

3. Heat gain from lights,

BTU BTU
(50 FtP-day) (3,550 Ft%) = 177,500 day
4. lleat gain from motors.

It is assumed there are 4 - 3/4 hp motors.

BIU BTU
(40,720 hp-day) (3 hp) 122,160 day

il
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Step 5. Sum of the cooling loads.

BTU
"The sum of Steps 1-4 is 1.52x10 day. If there are 2,747 gallons of

ice cream through the hardening room every day, the cooling cost per

gallon is:
BTU BTU
(1.52x106 day) = 553  gal ice cream
gals ice cream
(2,747 day )

Step 6. Cooling incoming product.

BTU
The cooling load for hardening ice cream i:s estimated at 458 gal.

Step 7. Total Cooling Load.

Remembering the refrigeration factor needed for a Hardening Room

given in Step 7 of Energy Calculation Number 22.00, the total cooling

load is:

N

[ Bw BTU | BTU
{(553 gal ice cream) + (458 gal ice cream)|(1.652) = 1643 gal ice cream




Ice Cream

Cold Storage Room

The dimensions of the room are:

Following

Step

Step

Step

Step

6~74

# Volume = 5,460 Fto

147 Surface area = 1,984 Ft 2

RN % ; Floor space = 390 Fe 2
\\\\ﬁ‘r_ 13' m:;§\ Temperéture = 40°F

the outline in Energy Calculation No. 22.00, the coeling loads are:

1. Heat infiltration through walls, ceilinp, and floor."

BTU ~ BTU
(81 Ft?-day) (1,984 Ft?) = 160,704 day

2. Heat gain from air changes.

For this room there are 6.9 air changes/day.

air changes FtJ BTU
(6.9 day ) (5,460 change ) (1.57 Fto

3. Heat gain‘from lights.

BTU BTU
(50 day-Ft?) (390 Ft2) = 19,500 day

4. Heat gain from motors.

1t is assumed there is 1 - 1/2 hp motor.

BTU BTU
(40,720 nhp-day) (1/2 hp) = 20,360 day

)

1]

BTU
59,148 day
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Step 5. Sum of the cooling loacs.

BTU ’
The sum of Steps 1-4 is 259,712 day. If an average of 2,747 gallons

of ice cream are made in this plant each day; the cooling cost per gallon

is: . ‘ ‘
81U BIY
(259,712 day ) = 94,5 gal ice cream
gal ice cream
(2,747 day )

Step 6. Cooling incoming products.

This room is used mainly for storage of flavoring materials and
assorted goods and would have a small heat gain from incoming

material,

Step 7. Total Cooling Load.

BIU - BTU o BTU
(94.5 gal ice cream) + (0 gal ice cream) = 94,5 gal ice cream
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Energy Calculation No. 22.14

Processed Cheese Cold Storage Room

The dimensions of the room are:

| Fo Volume = 240,000 Ft>
%O 2
~ ' Surface area = 32,800 Ft
120 .
Floor space = 12,000 th

40°F

- Temperature

20
¥
S 1000 —S=

Following the outline in Energy Calculation No. 22,00, the cooling loads are:

Step 1. Heat infiltration through walls, ceiling, and floor.

2
BTU - ft BTU
(81 th—day) (32,800 change) = 2.66X106 day
YStep 2. Heat gain from air changes.
For this roomrfhere are 0.8 air changes/day.
air changes T BTU ; EIU
(0.8 day ) (240,000 change) (1.57 Ft3) = 0.30 x 10 day

Step 3. Heat gain from lights,

BTU BTU
(50 day-FtZ ) . (12,000 Ft?) = 0.60x10° davy
Step 4. Heat gain from motors.

It is assumed there are 4 -~ 3 hp motors.

_BTU ‘ BTU
(40,720 hp~day) (12 hp) = 0.49%10° day
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Step 5. Sum of the cooling loads.
‘ 6 BTU
The sum of Steps 1-4 is 4.55x10° day. Since there are 280,000

1bs. of processed cheese made every day, the cost is:

BIY
(4.55x10 day) _BTU
1bs cheese = 16.25 1b cheese
(280,000 . day ) ’

Step 6. Cooling incoming products.
The incoming_natural cheese is assumed to be at 40°F and creates
no cooling load. The incoming processed cheese will enter at 50°F and

BTU
is cooled to 40°F. The specific heat of processed cheese is 0.6 1b.-°F,
P p

BTU- o BTU
(0.6 1b.-°F) (10°F) = 6 1b cheese

Step 7. Total Cooling Load.

__BIU BIU BTU
(16.25 1b cheese) + (6 1b cheese) = 22.25 1b cheese
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Section 6-23

ENERGY CALCULATION NO. 23.00

Air Conditioning

Air conditioning energy costs are difficult to estimate for a

"typical" dairy plant due to variation in the areas of the plant that are

air conditioned and the components in these areas. In this study it is

assumed that only office areas, labs, lunch rooms and restrooms should be

air conditioned. In order to simplify the calculations; the'following

assumptions are made.

1. The air conditioning will be used from May until Septeﬁber
(122 days).

2 The air conditioned areas of the plant shall be located together
forming a square shape with one wall connected to the rest of the
plant,

3. The unconditioned areas of the plant which are next to the air
conditioned areas are assumed to have the same temperature as the
outside air.

4. During the air conditioning season, the average daily outside temperature
is 85°F while the inside temperature is at 75°F constantly. The
avérage humidity of the outside air is 65%.

5. The roof will be flat, dark in color, and will be made of steel
siding with 2 inches of insulation.

6. The walls are made of 4 inches of brick, 4 inches of concrete block,

and J inch of insulation. The outside wall will be dark in color.
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7. The air conditioning will run from 8:00 A.M, till 8:00 P.M.
8. In the air conditioned areas the ceiling is 10 feet above the
floor.
Using these assumptions, an air conditioning cost per square foot of floor
space wili be developed.

Outside heat gains or heat transfer rates through walls and roof at any
time of the day is estimated in the ASHRAE Handbook of Fundamentals4 by.
using‘the Total Equivalent Heat Transfer Differentials. Plotting the heat
transfer rates from 8:00 A.M. till 8:00 P.M., and finding the area under
the curve gives the total heat transfer for the day. For the walls-and
roof given in the assumptioné, the heat transfer is:

BTU
Roof 171.4 th~day '

BTU
East Wall 59.6 Ft2-day

BTU
South Wall 39.5 th—day

: BTU
West Wall 39.5 Frl-day

BTU
North Wall 22.1 th—day
Since the areas which are air conditioned will always be square in shgpe, the
wall heat transfer rates-can be added together and multiplied by the area of
one wall, Because the air conditioned areas form a square, variation in load
due to the direction of the building faces is eliminated. Also, since the
walls are 10 feet tall, the heat gain per day through the walls is given by

sum of the above wall heat transfer rates multiplied by 10.0 and by the
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length of one wall, The length of one wall is also the square root of the

air conditioned floor space. The area of the roof is approximately equal

to the floor space which is air conditioned. Th;s the heat transferred through
the roof per day equals the above roof heat traﬁsfer rate times the area

of the floor space which is air conditioned. This is summarized in the
following formula:

Heat Infiltration through Walls and Ceilings =
BTU | - BIU 1/2
(171.4 FEY?EEy) (Ft2 of floor space) + (1607 EEZ:day) (Ft2 of floor space)
Heat gained from within the air conditioned areas is assumed to come from
only two major sources; people énd electrical devices., It is .assumed there
are 12 people in the air conditioned areas for 10 hours per day doing
moderately active office work. Using values from the ASHRAE‘Handbook, :
the following heat gain is derived.
BTU ' BTU

(12 people) (450 hr-person) (10 hr) = 54,000 day
The heat gain from electrical devices comes mainly from lights and -
miscellaneous motors. Using the value derived in Energy Calculation No.

13.00 the heat gain from electrical devices is given by:

BTU BTU
(247.5 Ft’-week )‘(th of floor space) = (35.4 th—day) (th of floor space)
days '

(7 week )

Thus the total heat given off per day by people and electrical devices
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is given by:
BTU BTU )

Inside Heat Gain = (54,000 day) + (35.4 day—th) (Ft“ of floor space)

Incoming outside air which is circulated into the air conditioned
areas must be cooled to room temperature. Since the average outside
temperature is 85°F with 65% relative humidity, the amount of cooling
required to lower one cubic foot of air to the 75°F room temperature given
by:

1b air BTU 1b H.0 BTU
(0.075 Ftlair) (0.24 1b air-°F) + (0.017 1b air) (0.45 1b H20w°F) (10°F)
. - BTU
= 0.186 Ft3 of air

It is assumed that the air circulation rate in the air conditioned areas is
such that one complete air change occurs every 4 minutes with 10% of this
circulated air coming from outside. Since the volume of the air conditioned

-area is given by multiplying the floor space times the ceiling height of

10 feet, the amount of outside air entering is given by:

Ft3 min hr ‘
(Ft2 of floor space x10) air change (60 Thr ) (12 day ) (0.1)
minutes
(4 air change)
, Ft3 of air
= (Ft2 of floor space) (180) = day

Thus the cooling load from incoming air is:

BTU
(Ft2 of floor space) (180) (0.186) = 33.5 (Ft2 of floor space) day
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Simplifying the outside heat gain, the inside heat gain, and the

cooling of incoming air into one formula:

BTUs of cooling = 240.3 (ft? of floor space) + 1607 (ft2 of floor space)l
day

+ 54,000.

The following table relates the air conditioning load per unit product
in the production of various dairy products. The unit load is derived by
inserting the square feet of air conditioned floor space into the above
formula and multiplying the result . times the length of the air
conditioning season and the apportioning factor, The product is divided
by the yearly production. Thé length of the air cénditioning season
is assumed to be 122 days per year. The apportioﬁing factor is needed for
plants producing more than one product. For these plants, the fraction of
the cost of air conditioning whicﬁ should be attributed to a specific
product is the apportioning factor and is equal to the fraction of the
iﬁcoming raw milk which goes into that particular product. If a plant

produces only one product the apportioning factor equals 1.0.

/2
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Table 6-23a Air Conditioning Loads per Unit Production
Energy Energy Air Cond. Air Cond. Air Cond. Apport- Yearly Refrigeration
Cal. Req'd Floor Load Season ioning  Average Energy.
No. For Space Factor . Production Req'd
23,01 Fluid 9 6 BTU day 6 gals . BTU
Milk 6860 Ft° 1.84x10 day 122 year 1.0  5.46x10 year 41 gal. milk
23,02 Cheddar g ¢ BTU day 6 1bs BTU
Cheese 4972 Ft~ 1.36x10 day 122 year 1.0 4,16x10° year 40 1b. chéese
23,03 Cottage 9 6 BTU day 7 1bs BTU
Cheese 5502 Fr© 1.50x10° day 122 year 0.75 1.14x10 year 12 1b. cheese
23.04 Sour 2 6 BTU day ¢ lbs BIU
Cream 5502 Ft 1.50x10" day 122 year 0.05 3.12x10 year 3 1b. sour crear
23,05 Cream ) ¢ BIU ‘day 5 lbs BTU
Cheese 5502 Ft 1.50x10 day. 122 year 0.10 9.36%x10" year 20 1lb.cheese
23,06 Cultured 6 BTU day 6 ats BTU
Milk 5502 th 1.50x10" day 122 year 0.10 3.19x10"° year 6 gqt. cult, milk
2 5 BTU day 6 1bs BTU
23.08 Butter 2715 Ft© 7,90x10% day 122 year 0.05 4,08x10" year 1 1b. butter
23,09 Dried 5 BIU day 1bs BTU
Milk 2715 Ft2 7.90x10° day 122 year  0.90 7.70x10® year 11 1b. powder
23,11 Dried Butter- 9 5 BTU day 5 lbs BTU
milk 2715 Ft 7.90x10” day 122 year 0.05 3.80x10 year 13 1b. powder
23.12 Evaporated ) S BTU day , 1bs BTU
Milk 2700 Ft 7.86x107 day 122 year 1.0 5.20x10° year 2 1b. evap. mil
23,13 Ice 9 : 6 BTU day 6 gals BTU
Cream 3907 Ft© 1.09x10° day 122 year 1.0 1.00x10 year 133 gal. ice crear -
23.14 Processed ) 6 BTU day 6 1bs BTU
Cheese 4875 Ft 1.34x10% day 122 year 1.0 87.4x10" year 2 1b. cheese




6-84

Section 6-24

ENERGY CALCULATION NO. 24.00

Product Cooling

Most of the refrigeration costs in a dairy processing plant can be
attributed to cooling dairy products after they have beeﬁ heated for
processing. The refrigeration energy‘required in each cooling of material
will be estimated by multiplying the specific heat of the product times the

i

temperature change of the producg.

If the product is cooled in a high temperature-short time (HTST)
pasteurizer, most of the cooling occurs in the regenerative section which
uses incoming céld product for cooling.

At. temperatures above 90°F to 100°F, cooling is also done with culinary
water, For this study, only the cooling done with chilled brine or water
solutions will be considered. Products may also be cooled in a vat by
circulating chilled water or by expanding ammonia in an exterior jacket.

The following table will relate the refrigeration loads qreated in
product cooling. The'refrigera#ion,load for cooling a material is derived
by muitiplying-the specific heat of the material by its change in temperature.
This is multiplied by tﬁe ratio of the amount of material cooled to the amount
ofjdesired product produced. Since several materials may Ee cooled separately
in the production of one product, each material cooling cost will be summed
to. form a total product cooling load. Where the cooling occurred will be
designated by "HTST" for a high temperature short time pasteurizer, "vat"
for cooling in a jacketed vat, or "Plate' for cooling in a plate heat

exchanger.
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Table 6-24a Product Cooling Unit Loads
Energy Energy Matérial Where Specific Temperature Lbs, of Material Refrigeration
Cal. Req'd Cooled Cooling Heat change per unit product Unit
No. For Occurred in °F produced Load
24,01 Fluid 1bs milk * BTU
Milk milk Plate 1.0 42-36 8.6 gal milk 52 gal milk
) 1bs milk ‘BTU
milk HTST 1.0 64 =36 8.6 gal milk 241 eal milk
B1U
293 gal milk
24,02 Cheddar 1bs milk BTU
Cheese milk Plate 1.0 42 =236 10 1b cheese . 60 1b cheese
1bs starter BTU
starter Vat 1.0 70=+40 0.2 1b cheese 6 1b cheese
BIU
66 1b cheese
24,03 Cottage 1bs milk BTU
~ Cheese milk Plate 1.0 4236 4,1 1b cheese 25 1b cheese
1bs water BTU
wash water Vat 1.0 60 ~m 34 2.55 1b cheese 66 1b cheese
) +bs cream BTU
407 cream HTST 0.85 1053~ 38 0.1 1b cheese 6 1b cheese
1b dressing BTU
dressing Vat 0,90 100 —e= 38 0.33 1b cheese 18 1b cheese
. 1lbs starter BTU
starter Vat 1.0 70 =540 0.19 1b cheese 6 1b cheese
' BTU
121 1b.cheese
24 .04 Sour 1bs cream BTU
Cream 40% cream HTST 0.85 105 ~$=38 0.39 1b sr. cream 22 1b. sour crea
lbs sr. cream  BTU '
sour cream Vat 0.9 170=-265 1.0 1b sr cream 95 1b. sour crea
: 1bs starter BTU '
starter Vat 1.0 70-%=40 0,02 1bs sr. cream ] 1b., sour crea
BIU
118 1b. sour crea
24,05 Cream 1bs cream BTU
Cheese 13% cream Plate 0.9 42 =36 3.2 1b cheese 17 1b cheese
‘ lbs cteam BTU
40% cream HTST 0.85 105 —=38 0.76 1b cheese 43 1b cheese
1bs cream BTU
5% cream Vat 0.95 100 ~+65 2.5 1b cheese 83 1b cheese
lbs starter - BTU
starter Vat 1.0 70 =40 0.03 1h cheese 1 1b cheese
i
144 1b cheese




Table 6-24a (continued)
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Product Cooling Unit Loads

Refrigeration

Energy Energy Material  Where Specific Temperature Lbs of material
Cal. Req'd Cooled Cooling Heat change per unit product Unit
No. For Occurred in °F produced Load
24.06 Cultured ' lbs milk © BIU
Milk milk Plate 1.0 42 ~»36 2,15 qt. cult. milk 13 qt. cult.
’ Ibs milk BTU
milk Vat 1.0 100—40 2.15 qt. cult, milk 129 qt. cult,
. 1lbs starter BTU
starter Vat 1.0 70 %40 0.02 qt. cult., milk_ 1 gt. cult,
. BTU
143 qt. cult.
milk
24,07 Dried lbs 6% whey BTU
Whey 6% whey Plate 1.0 70 ~»~40 16.1 1b powder 483 1b, powder
1bs 40% whey BTU .
40% whey Plate 0.9 90 -»40 2.4 1b powder 120 - 1b. powder
B10
603 1b, powder
) 1bs cream . BTU :
24,08 Butter 40% cream  HTST 0.85 123-w42 2 1b butter 138 1b. butter
1bs cream BTU
40% cream Vat 0.85 42 38 2 1b butter 7 1b. butter
1bs cream BTU
40% cream butter 0.85 55 =50 2 1b butter 9 1b. butter
churn BTU
154 1b. butter
24,09 Dried 1bs milk BTU
Milk skim milk  Plate 1.0 49 =40 .10.8 1b powder 97 1b. powder
24,11 Dried 1bs buttermilk BTU
Buttermilk buttermilk Plate 1.0 5035 10.8 1b powder 162 1b. powder.
24,12 Evaporated 1bs milk BTU
Milk milk Plate 1.0 42-%36 2 1b evap. milk 12 1b. evap.
' lbs evap. milk BTU
evap, milk Plate 0.95 115-%.40 1.0 1b evap. milk 71 1b. evap.
BTN
83 igf-evap.

mlk
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Table 6-24a (continued) Product Céoling Unit Loads

Energy Energy Material  Where Specific Temperature Lbs of material Refrigeration
Cal. Req'd Cooled Cooling Heat change per unit product Unit
No. ~ For Occurred ‘ in®p produced - Load
24,13 Ice _ lbs conc, skim BTU
Cream conc. skim Vat 0.94 42 36 1.7 gal ice cream 10 gal. ice
, , . lbs cream BTU
407 cream Vat 0.85 42 —=36 1.2 gal 1ice cream 6 gal. ice
' 1bs mix BTU
mix Vat 0.82 42 o5~ 40 4.95gal ice cream 8 gal. ice
1bs mix BTU
mix HIST 0.82 94— 40 4,95 gal ice cream 219 pal. ice
' BIU
243  gal,

ice cream

24,14 Processed 1bs cheese BTU
Cheese cheese Vat 0.60 160450 1.0 1b cheese 66 1b. chees

L et e e
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Section 6-25

ENERGY CALCULATION NO. 25.00

Cooling Line Losses

With the exceptions of the cold storage rooms, the instantizer cooling
costé, and the ice cream freezer, all the cooling done in this report will
be assumed to be done with a chilled brine or chilled wate£ (sweet water).
The water solutions Will be chilled at a central point in the plant and

pumped to the process location. These cooling lines run through the plaﬁt

* and are warmed by the surroundings. It was assumed that 20% of the calculated

cooling load that circulates in those lines would approximate the heat gain
in thellines; |

The following table rglates the cooling line loss unit loads in the
production of various products. The unit loads will be determined by addiné

the applicable cooling loads and multiplying the sum by 0.2.




Table 6-25a.

Cooling line loss unit loads.

6-89

Cheese

Enérgy’ Energy Air . Pfoductb Total Line Refrigeration

Cal. . Req'd Conditioning Cooling Cooling‘ Loss Unit

No. For Load Load Load Factor, Load
25.01 ggid 42 _._*_galBili’lk 293 ;E?’T%ﬁ‘i 355 ﬁﬂ 0.2 67 gz%%rk
25.02 g:g:gzr 40 1b zggese 66 lezgeese 106 1b z:gese 0.2 26 igggggggg
25.04 222;m é 1b E:gr cr 118 lezgug cr 121 1b gggr cr 0.2 24 ig§§gﬁ;~5;
23.05 gizzge 20 1b Eizese 144 IE§§%E€;E 164 1g“§%gggg 0.2 33 leZﬁeese
ZS'OBV ﬁ;i;uréd 6 qt czig mk 143 qt fﬁgt mk 149 qt ciig mk 0.2 30 qt zzgt mk
o gﬁisd - T 603 Iﬁ“gg'd}? 603 13 ggder 0-2 121 7y gggzder
25.08 Butter 1 1b gigter 154 1b gzgter 155 1b gigtér 0.2 3L 1b 3zgter
20 e 1 E‘E’?E& o7 TET%%&EE 108 73 §zgder 0.2 22 ;1b ﬁfgder
ez S;iiorated ? IB—E%E%TEZ 83 1b esgg mk 85 1b eg:g mk 0.2 U7 1b efzg wilk
25.13  Ice SETRUN . RV . B P S . I

Cream gal ice cr gal ice cr gal ice cr gal ice cr

25.14  Processed 2 Tyl 66 Troii— 68 ﬁ%%;é 0.2 14 ol
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Section 6-26

ENERGY CALCULATION NO. 26.00

Miscellanecus Cooling Loads

Fnergy Calculation No. 26.10

Instantizer Cooling Loads

Tracy 15 recommends that a 1000 CFM air stream at 70°F or below is
needed to cool the dried powder from the 2000 1b. per‘hour instantizer.
It will be assumed that half of the year the average outside temperature
is 85°F and 607% relative humidity. The warm air is cooled to 50°F
to condense some of the moisture and then raised to 70°F. The cost of
cooling air from 85°F to 50°F is tabled in the ASHRAE Handbook of

FundamentalsB‘as 1.21 BTU per. cubic foot, With the given flow rate needed,

this translates to:

BTU Fe 3 min BTU
(1.21 Ft3 ) (1000 min ) (60 hr) = 36 1b powder
lbs powder ‘
(2000 hr )

Energy Calculation No. 26.13

Ice Cream Freezer (cooling load)

Tﬁe manufactuer's specifications for a 900 gallon per hour freezer
-recommend a load of 28.6 tons of refrigerétion. Because all the refrigeration
costs in this study are in reference to a 25 psig suction ammonia refrigeration
system discharging at 185 psig, and because the ice cream freezer requires
0 psig suction, the refrigeration cost for the ice cream freezer requires an
incrensed cost factor.: This factor is described in Energy Calculation

No, 20.00 on Step 7.
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Using the above information, the refrigeration load translates to:

(28.6 tons) (12,000 21— (1.652)
o . r-ton = 630
(900 gals ice cream -

hr )

BTU
gal ice cream
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Section 6-27.

ENERGY CALCULATION NO. 27.00

Energy Calculation Nos. 27.07, 27.09, and 27.11

Spray Drying (natural gas cost)

The manufacturer's ratings of a direct fired horizontal spray dryer
list a requirement of 2200 BTUs of natural gas energy for each pound of
water removed.. To gét one pound of 3.5% moisture powder from a 507 total
solids concentrate of whey, skim‘milk, or buttermilk, requires the removal

of 1.41 pounds of moisture. Thus, the cost translates to:

1b H,.0 removed

BTU 2 _ BTU
(2200 1b H O'removed) (1.41 1b powder ) = 3102 1b powder

2
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Section 6=28 .

ENERGY CALCULATION NO. 28.00

Miscellaneous'Energy Calculations

Energy Calculation No. 23.01

Electricity Cost in Dollars

The average cost of\electricity is estimated at $0.025/kw-hr. This

converts to:

($0.025/kw-hr) - 6
(3413 BTU/kw-hr) $7'32/10 BTV

Energy Calculation No. 28.02

Refrigeration Coefficient of Performance

Most of the refrigeration for dairy plants require ammonia compressors
running at 25 psig suction and 185 psig discharge. This requires a 13.3
horsepower motor for every 9.2 tons of refrigeration according to Farrall7.

"Assuming an electrical motor efficiency of 88%, the coefficient of performance

of the system is:

(9.2 toms) (12,000 20—
r-ton :
B0 = 2.86
- » . [
(13.3 hp) (1.14 efficiency) (2545 hrnhp)

Energy Calcuation No, 28.03

Cost of Natural Gas in Dollars

It is assumed that the average cost of natural gas is $1.15/MCF. The

heating value of the natural gas is assumed to be 1082 BTU/ftB. The cost

translates to:

(S1.15/MCF)

BTU fe3
ft3) (1000 MCF)

- = $1,06/106 BTU

(1082
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Energy Calculation No. 28.04

Cost_of Steam in Dollars

It is assumed that the boilers used are 80% efficient and are burning

natural gas. Using the above cost of natural gas, the cost of steam becomes: .

(51.06/10° V)
(0.80 efficiency)

= $l.33/106 BTU

Energy Calculation No. 28.05

Fossil Fuel Equiyalent or Electricity

It is assumed that electrical power needed comes from a fossil fuel
power plant with a thermal efficieﬁcy of 0.33. Thus, multiplying the
electrical energy used by a factor of 3.0 gives the fossil fuel energy

requirement for the plant.

Energy Calculation No. 28.06

Fossil Fuel Equivalent of Steam

Since the boiler is assumed to be 807% efficient, multiplying the steam
energy need by 1.2 gives the fossil fuel energy requirement in steam genera-

tion.
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COPY OF SURVEY QUESTIONNAIRE

7-1




1.

ENERGY USE SURVEY

7~2

Estimate the amount of each product you produced regularly (gallons/

month, pounds/year, 1/2 gallons/week, or any convenient units)

Whole Milk

Evaporated Milk

Skim MiTk

Nonfat Dry Milk

Cottage Cheese

Dry Whole Mi]k'

Lowfat Milk

Dried Whey

Cheddar Cheese

Butter

Italian Cheese

Sour Cream

Swiss Cheese

Yogurt

Other Cheeses

Half and Half

Chocolate Milk

Ice Cream

Buttermilk

Ice Milk

Other (specify)

What is your average consumption of raw milk? (In gal./month,

1bs./week, or other convenient units.)

Are you aware of any innovative approaches to energy use in the

dairy industry such as solar, geothermal, wind, etc.? If so,

describe briefly.




4. How much energy of each of the following types did you consume during each month given and what did it cost you?

TYPE

1975

July 1975

Jan.

197

5

Total
Calendar 1975

Electricity

Natural Gas

Fuel 011

[

>
[w)
jo3)

Other (specify)

KWHR

Apr.

Oct. 1975

Cost

MCF

Cost

Gallons

Cost

Tons

Cost

Cost

t-L



()]

6. Estimate the size and temperature of your cold storage rooms.

Size (cubic feet)

The approximate size of your plant in square feet.

Temperature (°F)

o~

7.
Distance raw milk

% of total milk received

hauled from farm to plant

Under 25 miles

25-100 miles

100-500 miles

500-1000 miles

Over 1000 nles




7~5
Please give us any readily available information on what the average

distance that your finished product is shipped from your plant.

Plant to Local

Wholesale Delivery
PRODUCT distributor ~ (if _applicable)
Cheese
Fluid Milk
Butter
[ce Cream

Condensed Milk

Dried Milk

Dried Whey

Cultured Products

Other (specify)







Section 8
LOCATIONS AND PRODUCTION LEVELS OF DAIRY PLANTS IN

CALIFORNIA, IDAHO, OREGON, NEVADA AND UTAH




Table 8-la.

Dairy processing plants in California.

8-2.

Average weekly use of milk

Name Address Under 500,000 to 1,000,000
500,000 Ibs. 999,999 1bs.! or more lbs.
A & J sales 1151 Foothill X
Upland
Adolphs Milk Depot 1650 East Main St, X
Stockton
Adohr 1717 Mission Street X
San Francisco
Adohr Farms 720 J-Street X
Tulare
Adohr Milk Farms 4002 Westminster Blvd. X
Santa Ana
Adohr Milk Farms 9923 Atlantic Ave X
South Gate
Albertsons 939 E Street X
Modesto ‘
Allura Farm Dairy 8809 Grove Ave X
Upland
Alpha Beta Co. 777 S. Harbor Blvd. X
La Habra
Alpine Swiss Dairy Route 1, Box 299A X
El Centro
Alta Dena Dairy 637 S. Hambledon Ave X
City of Industry
Alves Dairy 2205 South Cabrilloe X
Half Moon Bay
Andersons Dairy Route 4, Box 4007 X
Auburn
1330 Q Street X

Arcata Creamline
Datiry

Arcata




Table B-la.

California continued.

8~3

Name

Address

Average weekly use of milk

Under
*500,000 1bs.

500,000 to
999,999 1bs.

1,000,000
or more lbs.

Ardén Mayfair Inc
Arden Mayfair Inc.
Arden Mayfair Inc.
Arden Mayfair Inc.
Arden Mayfair Inc.

Arden Mayfair Inc.

Ariza Cheese Co.
Arlington Farms Inc.
Arrow Dairy
A§hjians Cheese
Avoset‘Co.

Babs

Babs Dairy Drive~In
Babs Dairy Drive-In

Babs Dairy Drive-In

1914 West Slauson Ave
Los Angeles

2101 South Los Angeles
Los Angeles

1136 K Street
San Diego

2065 Oakdale Avenue
San Francisco

1815 Williams Street
San Leandro

Tipton

20320 So. Norwalk Blvd
Artesia

617 Sebastopol Rd
Santa Rosa

1661 W Arrow Highway
Upland

7684 E Kings Canyon Rd
Fresno

P.0. Box A
Gustine

1001 Fruitvale Ave
Oakland

6628 Foothill Blvd.
Oakland

1006 23rd St.
Richmond

10200 White Road
San Jose

X




Table 8~la. California continued.
Average weekly use of milk
Name Address Under /500,000 to 1,000,000
500,000 1bs. 999,999 1bs. or more lbs.

Balian Ice Cream Co.
Baskin Robbins
ﬁelmont Farms
Bennett's Ice Cream
Berkeley Farms
Berkeley Farms
Betsy Ross Ice Cream
Co.

Blewett Dairy

Blue Bird Dairy
Blue Ribbon Dairy

Inc.

Brentwood Farms Milk
Co.

Brewster Foods

Brookside Dairy

Brothers Three Dairy

2916-30 E. Olympic Rd
Los Angeles

1201 S. Victory Blvd.

Burbank

1090 No. Armstrong
Fresno

6333 West Third St
Los Angeles

4550 San Pablo
Emeryville

555 Fulton St
San Francisco

969 East Hold Avenue
Pomona

221 So. Sacramento St.,
Lodi

2985 Rubidoux Blvd
Riverside

323 E Alisal St
Salinas

2585 California St.
Mt. View

7127 Canby Ave
Reseda

Route 2, Box 67

Redlands

11423 E Florence Ave
Santa Fe Springs

X.




Table 8-la.

California continued.

8-5

Name

Address

Average weekly use of milk

Under
500,000 1bs.

500,000 to

999,999 1bs.

1,000,000

or more lbs.

Cacique Cheese Company

Cal Va Dairy

Cal Va Dairy

Cal Va Dairy Drive-

Thru

Cal Va Dairy Drive-

Thru

California
Dairymen

California
California
Creamery

California
Creamery

California
Creamery

-California
Creamery

California

Céast
Cheese Co.
Cobperative
Cooperative
Cooperative
Cooperative

Milk

Producers Assn.

Carnation Company

Carnation Company

3610 Monroe St.
Richmond

1190 North Glassell
Orange

4226 West 5
Santa Ana

6297 Ball Road
Cypress

7931 Speer
Huntington Beach

1250 South Ave
Turlock

1451 Sunny Court
San Jose

1527 N Street
Newman

Western Ave-Baker St.
Petaluma

530 Aurova Street
Stockton

2401 McArthur
Tracy

11709 East Artesia Blvd
Artesia

201 Union Ave
Bakersfield

P.0O. Box 36
Gustine

X




Table 8-la.

California continued.

Name

Address

Average weekly use of milk

Under
500,000 1bs.

500,000 to
999,999 1bs.

1,000,000
or more lbs,

Carnation Company

Carnation Company

Carnation Company

Carnation Company

Carnation Company

Central Valley Dairy

Co.

Certified Grocers of

California Ltd.

Challenge Cream &
Butter Assn.

Challenge Cream &
Butter Assn.

Challenge Cream &
Butter Assn.

Challenge Cream &
Butter Assn.
Chino Dairy
Clancy Muldoons

Clearbrook Dairy

Cloverdale Creamery

1639 N Main Street

Los Angeles

8015 Van Nuys Blvd.
Van Nuys

1310 14th Street
Oaklaud

354 11 Avenue
San Diego

Turlock

755 F Street
Fresno

3626 1lth Avenue
Los Angeles

708 Addison
Berkeley

Fernbridge

15729 E Smithway St
Los Angeles

2650 18 Street
San Francisco

13613 Central Ave
Chino

11834 Wilshire Blvd.

Los Angeles

11230 Wright Road
Lynwood

37085 Fremont Blvd.
Fremont

X

e . e




Table 8-~1a. California continued.
Average weekly use of milk
Name Address Under 500,000 to 1,000,000
500,000 1bs. 999,999 1bs. or more lbs.
Collica Dairy 8228 Phlox Street X
' Downey
Continental Culture 1354 E Colorado Blvd X
Specialist Glendale
Consolidated Dairy - 1474 N Indiana Street X
Products Los Angeles
Country Maid Dairy P.0. Box 75 X
Smith River
Covina Meadows 4030 Glendora Ave X
Covina
Crafton Dairy 1765 E Citrus Avenue X
Redlands
Crystal Cream & 1013 D Street X
Butter Company Sacramento
Culp Dairy 8554 Beverly Blvd. X
Pico Rivera
D-V Marketing Ltd 939 E Street X
Modesto.
Dairy Enterprizes Co. 735 East Baseline X
San Bernardino
Dairy Fresh 1013 D Street X
Sacramento
Dairy King Milk Farms 11501 Exposition Blvd. X
Los Angeles
Dairy Mart Farms, 2050 Dair