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Purchased feed is a considerable litem of expenditure for smerican
livestock farmers. In rvecent vears it hag amounted fo aboubt one-gixth of
2ll expenses for farm production in the United States, ox one-fourth or
more of all operating expenses. Needless to say, 1t amounts to much larger

fractions of expenses on the farme where 1t is used. In 1977, feeds pur-

chaged by U.8. farmers cost almost 314 billion, of which about two~thirds

a

was for factory-mixed feads while the balance was mainly untreated feed
grain or soybean neal.

The following will messure the ensrgy used for processing, packaging
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ducing the graing, oilseeds, and other vaw materials processed in such

iy
1

eds will not be discussad here but will be treated separately in studies

Q

£ crop pro iaﬁtisnf
Analysis will center around the vear 1977, because it is the date of

the most recent Census of Manufactures, from which much of the data will be

drawvn. Information about energy used for capital goods, and for several

other iltems, will be supplementad by a2id of the Energy Avalyvsis Haundbook

<

1/ s . - . . .
(EAH}ff Without this scurce of informatien, the following analysis would

Py

be even move tentatlve than it now ds, given the many data uncertainties.

[t}
[

The EAR figures velate to 1967, and price indices are used to bring this

information up to 1877. Supplemental information is drawn from eother

¥
5 2/

urces as needed. The Census of Manufactures, 1977 Ilists "Industry

2048, Prepared Feeds, Not Elsewhere Classified”, which excludes deg, cat,

and other pet fsode (Industry 2047) with shipments totaling $8,350.2 mil-

s
®

lion. The specifications are shown regrouped in Table



Table 1. Product Shipments From Prepared-Feeds Industries, 1977
Description . $ Mitlicn Metric Tons, Million
] . L T § & p,&,‘i
Poultry feads z,758.6 16.06—
Swine feeds 1.468.1 6.59
Dairy cactie feeds 1,454.1 8. 04
Beef cattle feeds : 970.9 6.50
Other poultry and Ilivestock faeds,
including duck, geese, horse, y
mule, ete. 337.9 2,22~
. _ o 5 eadf
ther prepared faeds ' %28.0 2.5
Subtotal, specifications 7,327.6 | 41,94
Prepared feads not elsewhere 5/
clagssified, not separately known— B851.8 —

Prepared feeds not elsewhere e/
classified, not separately known— 17G.8 -

TOTAL 8,350.2. a7.50%/

a/ 4ssumzna emall miscellaneous i ctfied oniy in
same weight-to-dollar ratic as the bulk of the group.
7

ot
™~

Typically for es ta&uzsnﬁanv with 10 emp
data were obtained.

s .

e/ Typvically for establishments with less than 10 employee

o

d/ Assuming unspecifi

ed ties (footnotes a/ and b/) to be in same
Dropaﬂﬁaow between do 7 :

Lar value and weight as the specifiec

Q
M’l
Q
&
»

; . B .
ctures, Industry Series: Grain MLLL Pro-
£ Y 7 - 3 -2 ;. 00
ts, MC77-1-20 D, Issued August 1987. \

Souvrce: 1877 Census of Mermuifoo
duc



The dollar total represents factory-gate cost. The farmers' expense

for thess goods also Includes marketing costs, and 80 vises to apoul two-

(‘v

million. This leaves $1,571.9 million as value added (returns to capital,
labor, and management). An estimate of ewbodied emergy is also needed for
capital, among the Internal factors of production.

Factory Use of Enerqy. Purchased fuels and electric emergy in the prepared-

feeds industry is shown in the Census as 28.4 trilliom BTU, costing $80.7

million. Of this total, 23.1 tvillion BTU, costing $37.9 millien, 1s for

BTU for $42.8 willion, is for electricity. Other specifications in the
same publication show that el ricity was assumed to contain 3,41 2BTU/kwh,

which is merely the heat content of the currvent. Instead we will use the
heat content of the fuel used both directly (in the generating plant)
indirectly (in building the plant, making its metevials, etec.), as shown

in th 1e E4H. This meanz a coefficient of 13,885 BTUth%Q and we obtaln a

sum of 21.54 trillion BTU for electricity.
Specifications for fuels are not complete. Those for oil allow us

to compute the following:

ﬁstillmie fuel oil, 324.3 thousand harrsels,
at 5,825 thousand BTU/barrel, = 1,89 wriilion BRTU

Resid al fuel oil, 154.6 thousand barvels,
t

at 6,287 thousand BTU/bharrel, = .97 trillion BTU
TOTAL OIL ~ 0 2.86 trilifon BYU

or 12.4 percent of the Z3.1 trillionm BTU for fuel. This appears to leave
87.6 percent, or 20.2 trilliom BTU for other fuels. The proportions are
not unlikely; in dollar cost, oils accounted for 20 percent, other fuels

80 percent.



number iy a way that indicates insignificant quantities.
Ar wich electriclty, energy co f energy 1s

Petieaﬂﬂm refinezy products, 2.86 trillio

BTU ¥ 1.2227 = 3,50 tyiilion BTU
Natural ga=z, 20.22 trilliom BTU X 1.1166 = 22,58

triliion BTU
These figuves ave still on the low side because they do not include
costs of shipping. etc., On the basis of the sbove, we can now gum the on-

factory used fuel and its energy cost:

g1l fuels 3.30 grillion BTU
Natural gas Z22.58 trillion

)
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which ie two-thirds higher than the sum given in the Census, wnd represents

=h

5,703 BTU per dollar's worth of factory ouiput of the industry in 1977, or

30,295 BTU per dollar of its value added.

Energy Cost of Capit ais The feed processing industries are nolb very capital

intensive, aﬂé so the smbodied energy used in this way is of modest pro-
portlons. Yearly new investment is in the range of 1-2 percant of gross
sales per year. Taking new investment in 1377, of §130.9 wmillion, we can
esﬁimate embodied energy from the EB&H, using the Sector "New Qonsiructian}

Hon~Residential

37,864 BTU/$ im 1977 and estimate the embodied energy in 197?}new invest~
ment at 4.96 trilliion BTU.

Purchased Materials. MNext after divect emnergy {and its ir ndivect energy

5

L A

cost) we comsider the energy used to produce and deliver matevials



{feedstocks) for processing by the fee processers, and fox

b

packaging

materials used by the feed processors. Table ? summarizes data from the

(Calculations based on rhe aspecified figures need to be raised in order

Eo allow for the unspecified ones. The last two items, plus the discrepancy

(note k/) add wp te $1,687.7 million, or 33.69 percent of the specified
ones. Thus all estimates of embodied energy imputs will be raised by a
factor of 1.3369. 1In addition, the item "Supplements and Concentrates",

shown with a cost of $28.7 million, amounts to .59 percent of t

cations other than packaging. ‘“Thus the specified items other than packa

will be raised by (1.3369 X 1.005%

Packaging materials need explaining before the other inputs because, like

capital, tc some extent they apply to these other inputs as well. The pack-

agingwaterials in the feed processing ind str eg are specif

&

ied as wmainly

je)

apey sacks gnd paperboard combtainers, to a lesser extent as bags made of
burlap, cotton, and polypropylene (textile type). Comparison of the Cer suges

of Manufactures 1967, 1972 and 1977 show price indices for textile bags of

133.4, of paper and fiber boxes 163.6, and of
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energy intensity coefficlents {in FAH) of Sectors 1710,
2500, and 2801, we obtain eunergy intensities of 59,4403, 81,5&?5 and 244,843
per dollar’s worth of these packaging materials in 1977. These calculations
take mno account of shifts to move esnergy sparing technigues in the production
of =2ach product in the meantime, but neither can we Frace the countervailing

tendency to

4]

hift toward more energy intensive products within each group,

}uh

The total embodled emergy in the specificaticns of packaging materials

[

then adds up to 9.0%L trillion BTU in 1977. Raising this by the factor of

1.3369 (above), we obtain 12.05 trillion as the total estimate.
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gum of $1,677.4, raised by 1.3448, becomes $2,255.8, which is 36.9 percent

of product shipments from the sovbean oll mills in 1977. Using agsin the
same procedures as before, the Ffollowing nuwbers emerge:

Fual _ 26.48 triillion BTU

Sovbean marketing 4,25 prillion BTU

Packaging {(paper) .24 trillion BYY

Capital charges 1,03 ¢xriliion BTY
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TOTAL

d) Brewers' and distillers’ groins is a swall icem coming from a very

energy intensive ludustry {(Wet Corn Milling, Irvdustry 2046). The amount

shown, $64.7 million, railsed by 1.9

448 or 587.0 million, is| 4.5 percent of

Fuel 5.04 trillion BTU
Marketing (corn) A7 trdllion BTD
Packaging ~-— friilion BTU
Capital chavges AU trilldon BTY

TOTAL 5.61 trillion BTU

e} Sugar products, $95.7 milldion, raised by 1.3448 to $128.7 million,

will have thelr energy cost estimated directly from the EAH|rather than

through the Census of Manufactures. Sector 1419 is shown with an energy

intensity coefficient of 141,785 BTU/S in 1967. The producer price index

of sugar and confectionery was 177.4 in 1977 (1967 = 100), thus the energy

K"D
(%N

L

fmie
¥

nsity in 1977 would be 79,924 BTU/%, and the energy usad‘for $128.7

million worth of sugar products comes te 10.29 triliion BTU, Unlike other
estimates in this study, the figure includes energy used to produce the
cane and beet crops from which the sugars were made.

£) Alfalfa meal and animal products cammot be readily traced through

ke

the industrial statistics. For simplicity, they will be treated as bheing

cloge to the energy intensity of grain mill i

gv]

products and aseigned the
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B energy per dollar’s worth as iLhe processsd

o
A
i
b
£
£t
i
=3
&
=
o
e
b

,

<
e
o
fed
)
W

# total .96 percent higher than the gr

groug, o V.83 trilllon BT,

&) for feed is a t of the nifropen fertilizer in-

2, o

fustry. The cost to tae feed processors is indicsted in the Census of

Manufactures as $146 per metric fon.

farmers paid hence feed urea can be

ras in which

ensrgy used foy

&5, 000 BTU per

vy don

vound of ¥ {p conbent

W

BTU per metyic fon, or 318

ton of

piving this to 1ldon mety cimate its

1135on

energy reguiy

12.6 trillion BYU.

o

trace miners complex for
detalled apslysis,

we use the BEAN

65,055 BIU/S in

and salt, and excludes trace

known, in rough quantity, to livestock feed experts: feed phosphate and

£ ®

feed grade Calls ave said to contrvibute 1

3

itage to cattle fead.

poulty

cent of the price




Speciflcations In Table 1 indicate that,

the former two occupy together 63.5 percemt and cattle feec

each of phosphate aund

caleivm, would be lower than 1 percent but higher than .63 percent, and

may be sei at .8 percent, uveing the total tonmage figure in Table 1. This

gives the phosphoru: » caleium Ffeeds 380,000 meiric rons each. 8Salt

should enter the rations b, thus S@mé 190,000 metric

tons for the whole feed mixing industry.

Thess proportions and estimates s of
these geods. Dibasic phosphate (100 pevcent CaHFO ' wnn in the 1977
Census of Manufsctures {(in Industry 2819. Tndustrial Chemicals Not BElse-

where Classified), Jointly for feed gy

lizer grades. The 1977 orice comes to 51F7.15

per metric ton.

nd metric tons vields a
cost of $74.20 million.
alcium Carbonate (precipitated, 100 percent CalCq) is shown in the

same Census but without a price for 1977. Data from 1972 in the same pub-

lication allow to compuie & price proportion: the carbonate price was then
; .

£y

69 percent of th 1f the same holds in 1977, we

obtain & carbonate price of $134.74 per metric tom, and the 380 thousand

tons would come to $51.20 million.

w0

Salt is a low cost article, priced at $10.41 ver short ton in 1977, or

)
a
¢
™
foond
=9
e
o
b
e
&
[
|
¢

about $11.50 per metvic ton. Cost of 190 thousand tons
lion.

Summning up, we have:

Phosphate 8 74,2

Calcium Carbonate 51.20 williion

Salr 2.20 million
TOTAL

g .
"
G minevais

A
ererd
Ead

“uf

7.60 million

-y
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This is considerably short of the $181 million spent by feed pro-
cesgors for minerals in 1977. Hither there 18 a trade margin on the order
of 40 percent, ov the quantities are under specified, or there must be gome
other minerals not mentioned in the Census. Whichever way the data are
read, it is clesr that we risk to under vather than over state the enevrgy
inpur through mineral feed sdditives.

'Eﬁergy inputs inte these minerals are not likely to be the same. Feed
phosphate, no longer shown among the fertilizer Industries, is likely still
to use the energy intensive furnace process which turns out a cleaner pro-
duct than thc less energy Intensive processes now dominant in fertilizer
manufacturing. Acccréimg,ﬁﬁ one seurce, the furnace process used several
timas the amount of energy in the newer processes, or some 27,000 BTU per
pound of ?zﬂsgﬁj which comes to 39.6 millien BTU per metric ton. Applying
this to 380 thousand métric ténas we obtain an estimate of 22,6& triilion
BTU. Since tﬁis was baséd 8331 tatéi guantity of processed feed by weight,
there is no case for raising the figure, as in most of the other estimates.

Feor calciuvm and salt, gbehw are no direc indicatisns for individual
prodﬁcts, Withim the industxy groups given in the Ceﬁsusﬁ eaéh is a small

Afzactioni and La&re is no way of tell Lng which ones might be the more, or

the 1385, energy imtensivea> For lack of §ther inéications, we take the
average energy intensity of industrial chemicals which was abbut 200 thousand
BTU per &ollar in 196?; with a price index clese to 200 (1967-77) for
chemical producis, we arrive at about 100 thouaand BTU per dollar's worth

cf industrial Lhem€cals in 1977. Thus thé $53.40 million worth 05 calcium
and salt bought by the feed proaeésofs in 1977, the energy used would be

5.34 triilion BTU. . Together with the 22.64 trilliﬁn_fér rhesphate, this

makes 27.98 trilliom for the minerals group, likely o be a low estimate.

Summary of Findings. The specifications shown in the previcus sections

can now be added up, as follows:



] P

Fuel ip feed factories

47.6 trili%on BTU

Capital cost of feed factories 5.0 trillion BTU
Packaging in feed factories 12.1 trilljon BYTY
Grain marketing charges 6.7 trillion BTU
Processed grain products 7.9 trill%eﬁ BTY
Dilseed products 32.6 trillion BTU
Brewers® and distillers® grain 5.6 trillion BTV
Sugar products 10.3 trillion BTU
Alfalfs meal and animal products 7.9 triilion BTU
Urea 12.5 trill#@n BTU
Microingredients 23.6 trillion BTU
‘Minexvals 28.0 trillion BTU
TOTAL ENERGY, DIRECT AND INDIRECT 199.3 trillion BTU

The average now stands at 23,868 BTU per dollar’s worth

feeds, 1577 prices.

Marketing Margins. The above relates to energy cost of pro
&2 0

other than the cost of comporment crop materials, ex-factory

we may choose to add an allowance for the

transportation an

such feeds. Assuming the margin to be on the average 10 pe:

factory price, the marketing margin would be worth $835.02 miliion.

EAH gives an energy intensity coefficient for wholesale trac
of 39,636 BTU perv dollar‘s worth of its activity; with the wholesale price
index for manufactured animal feeds at 204.6 in 1977 (1967 -
energy intensity coeff{icient becomes 19,372 BTU per dollar'

Multiplving with $835.02 million, we obtain 16.2 trillion B

of processed

cessed feeds,
To the total
i marketing of
rcent of the
The

ie (Sector 6901)

L}

180), the

i~

» g

worth in 1977.

Il as the energy

cost of marketing. This represents an B.13 perecent addition to the 199.3

trillion at the factory gate. At the farm level, the energy coefficient

per dollars' worth of expense for processed feed now stands

Appraisal of Results. The estimates in this study are likel

low side, for a variety of reascuns some of which are mentiot

at 21,700 BTU.
Iy to be on the

ned above. Trans—

portation and marketing overheads have not been traced at all levels; cross—

v ' \ .
hauls between factories are impossible to pin down, among other things be-

cause some of them are likely to be included in the energy

individual industries while others avre not. And whenever t

|
budgets of

here was a choice,
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the lower alternative was chosen, on purpose-~~-it iz better to be on the low
siﬂé and know it than to attempi a precise balance and then not koow on
which side the estimates are. In this way, these estimates should remain
useful for some time, sven after the factories have made some immedialely
feawible improvements in their use of energy. Large technological break-
throughs can of course not he anticiﬁated, nor should that bhe attempted
lest the estimates arve lost in conijecture.

Imprcveﬁent'in the energy efficiency of each process is not all there
is to energy saving, however. The study serves to emphasize the large
proportion of indivect energy in many factory products. Direct energy

used in the feed mixing factotles, as reported in the Census of Manufactures,

amounts to only about 13 percent of the fipal figure shown in this study
for the farm-gate en@rgy‘céét of prepared feeds, still without crop pro—
duction energy costs: when the latter are included, op-factory energy cost
becomes an even much smaller fraction of the total. This should serve to
illustrate the need for amalyses of indirect energy use: changes in the
mix of raw materials and intermediate products may have wore influence on
total energy consumpiion than any savings of energy directly in each pro-
duction procesg. The case of pes;ici&es illustrares this point;g; In
this study, the large role of chemical additives {(urea, microingredients
and mineral feed supplements) reinforces the same conclusion. These in-
-gredients together take over 30 percent of the specifiabla energy budget
for prepared feeds {still without crop production energy costs). The
choice of these and other materials will influence the total energy budget
(eitﬁar upward or downward) in ways which could not be pursued in this
study.

Energy in Crop Production. A1l of the preceding relates to energy costs

other than those of the grains, oilseeds, alfalfa and animal products that



b

enter the feed processing; only the sugars had their crop producticn energy
requirement implicitly iscluded. For any combination of the above findings
with crop energy requirement data (which vary rith seasons, regions, and

future technology), the following proportions between the princiyai CYrop

components can be set forth, based on the 1977 Census of Manufactures and

subject to revision by any subsequent Census data.

Parcent of Feedstock ‘

Crop » , (tomnage basis)
Wheat (mainly bran 13.3
Corn ’ ' : 45,1 :
Other coarse grains 10.4 ;
Oilseeds (mainly soybeans) 24.%
Sugar products 6.3

TOTAL 100.0

This separation sf_ersp‘&ata from manufacturing data sh%uld help
making subsequent salcuiétians more flexibie. The crop eneréy requirements
are gemnerally larger than these shown above for processing aﬁd marketing
energy requirements, either per unit of weight or value of b&th unprocessed
erops and of processed feeds. Estimating them separately is%therefore eg-

sentizl.
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Footnotes

l/‘EAH = Clark W. Bullard,vpatar S,kPenner.and David A. Pilati, Net Energy
snalysis: Handbeok for Cdmbining Frocess and Inputw@utput Analysis,
Universit? of Illincis gt Urban&~8hampaign, Energy Reséarch Grqup,
Center for Advanced Computation, CAC Document 214,4Qctcbér 1976. Fur-
ther information in David Simpson and Bavid'Smiﬁh,‘Direct Energy Use
in U.S8, Economy 1967, CAC Techmical Memo No. 239,
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