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ABSTRACT
ENERGY CONSUMPTION IN BEEF PRODUCTION SYSTEMS
AS INFLUENCED BY TECHNOLOGY AND SIZE
by

Harold Arthur Hughes

The objectives of this study were to develop a system model
of a beef farm, develop subsystem models for some parts of the system
and to evaluate the energy costs of producing beef in systems using
various technologies over a range of capacities.

The system model was used to determine the flows of materials
into and out of the system as well as between components of the system.
The material flows were all related to the flow of beef produced by the
system by a set of technical coefficients. Cost of beef produced by
the system was measured in terms of six energies: capital, land,
fossil energy, electrical energy, labor and dollar cost. The energy
cost of beef was related by the technical coefficients to the energy
cost of each input material and the processing energies required for
the system to operate. Three subsystem models were used to estimate
the processing energies. The models were for the field machinery,
farmstead, and transportation systems.

The field machinery model was used to select a set of tract-
ors and field machines required for the field operations involved in

producing and harvesting the crops. The set of field operations and
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the land area depends on system technology and capacity as well as
crop yields. After the system was designed, the model estimated the
amount of each of the six processing energies needed for the system to
operate.

The farmstead was taken to include the feedlot, feed stor-
ages and other components concerned with confining and caring for the
cattle. The model specified the size of each structure, calculated
the price of the farmstead equipment and estimated the quantity of
each of the six processing energies required.

Transportation was the link between the field crop production
model and the farmstead model. The transportation model determined
the number of each kind of transportation equipment needed and eval-
uated the processing energies required for transportation.

The quantity of each energy required per unit of beef out-
put could be varied by altering the system technology or by changing
the system capacity. To evaluate the influence of various parts of the
system on the energy costs, a number of systems were compared. The
set of technologies analyzed included four feedlot types, two ration,
four feed storage systems, two waste handling systems and two animal
types. The same crop production and transport technology was used
throughout ;he study. System capacities ranged from 100 to 1000 head.

Conclusions from the study included the following:

1. There is little reduction in dollar cost per hundred

pounds of weight gain by the animals, produced in any of
the systems analyzed in this study, if the system is in-

creased past about 500 head.
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Labor requirements in systems using the same technology,
decrease to a minimum then begin to increase as system
capacity is increased. The system capacity at which
the minimum is reached depends on the size of the farm
and the capacity of the transport and feeding equipment.
Restricting the size of tractors used for field crop
production increases the capital and labor required for
operating the crop production system.
Peak labor requirements occur during the silage harvest

season.
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1. INTRODUCTION

Total beef production in Michigan is small in comparison
to U. S. production. Less than two percent of the nation's supply
of beef comes from Michigan. 1In fact, Michigan feedlot operators do
not produce enough to satisfy the demands of people residing in the
state (17).

Michigan beef production systems are unlike the better
known western systems in several important ways. Western beef is
most often finished on all grain rations in large open lots. - Feedlot
volumes are large, frequently exceeding 10,000 head per year (10).
Grain for the ration is purchased from local growers or feed dealers
who import it from grain growing areas. Waste disposal is complicated
by sheer volume and by the lack of cropland for spreading. As a
consequence, many other approaches to waste handling are being used,
such as lagoons and driers.

In Michigan, a variety of feedlots exist. Feed is usually
produced on the same farm and often includes a large proportion of
corn silage. Waste from the feedlot is recycled back onto cropland.
Michigan feedlots tend to be considerably smaller than western units.
While there was an average of 210,000 cattle on feed in the state in
the period 1969-1971, the average feedlot turned out 175 head per
year and only one percent of the feedlots in the state produced over

5000 head (16).






2
Henderson, et al. (16), using projections of increased per

capita consumption, population projections and extrapolating from
past production figures, predict that beef production in the state
will increase and that individual systems will get larger. Specif-
ically, they predict that by 1985, Michigan feedlot operators will
market 532,000 head from 1000 installations. Thus, by 1985, the
average feedlot will be as large as the largest one percent is at
present. This expansion will require that many new facilities be

built and that many existing facilities be altered and expanded.

1.1 SOCIAL IMPLICATIONS
The type and size of feedlots to be built is obviously of
concern to present or potential feedlot operators. Less obviously,
the public at large also has concern about these same two factors.
Feedlot size is an issue because many people feel that large opera-
tors try to exert control over markets, and technology is an issue

because of the impact it can have on the environment.

Waste Problems

Koenig, et al. (25), discussing labor efficiency in agri-

cultural operations observes that concentration of agricultural
Production into large units, such as the western type feedlots, has

caused urban waste disposal problems to increase. They state that:
"...since in agricultural processes the size of
machines is specific to the size of the land
holdings on which they operate, the drive for
labor efficiency through the use of larger mach-
ines has a partidularly high social and environ-
mental impact. Indeed it has all but eliminated
the "family farm" and with it the relatively
small ...villages and cities distributed rather
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uniformly over the landscape where their wastes

were reasonably well matched to the carrying

capacity of the landscape."

They go on to note that all of the food necessary for the
people who have, as a consequence, migrated to the cities must be
moved to the cities. The resulting wastes are concentrated in small
areas with the attendant problems of treatment and disposal. 1In fact,
after whatever processing is available has been completed, the wastes
are usually discharged into the nearest lake or stream.

Increased labor efficiency also leads to increased special-
ization and spatial concentration of agricultural production units,
such as beef feeding operations. The resulting agricultural waste
control problem for beef is well recognized. Maddex (16) observes
that:

"...manure handling and disposal is today's

greatest challenge facing the beef industry.
With increased urbanization and concern for
environmental quality, the challenge will be-
come greater. Changes will have to be made in
accepted ways of housing and managing cattle.”

Power Over Markets

Discussing the issue of control over markets, Sundquist
and Guither (36) state that:

"Many nonfarmer residents of rural commun-
ities are concerned that any takeover of farming
by large scale production units will squeeze out
small farmers and small farm supply and market-
ing businesses. They also feel that large cor-
porations will be less inclined to support high-
quality public services such as schools, health
care facilities and roads and recreational facili-
ties.
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Concerns of the general public, including
consumers and taxpayers, center on at least four
broad issues: 1) they want dependable supplies
of low cost and high quality food, 2) they want
to curtail agricultural practices that adversely
affect environmental quality and the availab-
ility of open spaces, 3) they want tax costs of
any policy to be in line with the benefits realized,
4) they want a fair share of the benefits of farm
programs to accrue to smaller (as contrasted to
large scale) producers. Though some think that
large scale farming will be low cost and efficient
others think big farm corporations will try to
gain monopoly controls and raise food prices."

Purpose of the Study

From the foregoing discussion, it can be seen that both
rural and urban residents have concerns regarding the type and size
of beef systems to be used. Present systems, as noted in the quote
by Maddex (16), are not likely to be satisfactory. Changes are needed.
Maddex (16) went on in the same article to state that research in-
formation and analytical techniques are not available to predict the
direction the changes will take. |

Society determines the direction of change in accordance
with societal goals. The decision, made by trading off desirable
and undesirable features of candidate systems, is implemented by the
~ use of economic or legal controls or by the use of some other approp-
riate social mechanism.

The purpose of this study was to expedite this process by
developing a means of analyzing and comparing beef production systems
in terms of certain physical characteristics for a selected set of
technologies and sizes.

Since the variations in technology are practically unlimited,

the set of technologies had to be limited. The technologies chosen
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for evaluation will be described along with the design procedures in

Chapters 3, 4 and 5.

1.2 MEASURES OF EFFECTIVENESS

A beef farm can be conceptualized as a ''black box" wherein
input materials of various kinds are transformed into finished beef
animals and waste materials, as shown in Figure 1.1. Energy is needed
to effect the material combination. Figure 1.1 shows a vector of the
required energies. Monetary energy (capital) is required to initiate
the system and to supply input materials and replacement equipment.
Fossil and electrical energy are used to operate machines. Solar
energy is necessary for crop growth. Human energy is used to manage
and control the system, operate machines and to perform various
unmechanized functions. Dollar cost is an economic ''weighted" func-
tion over all the other energy requirements.

Systems, distinguished by size and technology, require
different quantities of each kind of energy. For a particular
situation, it may be desirable or necessary to minimize or limit
consumption of one or more of the energy types. For example, the
present "energy crisis' in this country demands that fossil energy
consumption be held to a minimum. Consumption of each energy type,
quantity of beef produced and cost of beef produced are the measures
of effectiveness of a system (20,42). The '"best" system for a part-
icular situation depends on the ordering placed upon these measures

of effectiveness as well as others not considered in this study.
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1.3 OBJECTIVES OF THE STUDY

In consideration of the preceding discussion the following

objectives for the study were formulated:

1. Develop a model of the beef production system that will
allow evaluation of the cost of producing beef and the
energy consumed by the system.

2. Develop subsystem models for selecting the components

needed for a system of a given size and technology.

3. Evaluate the energy and dollar cost of producing beef in

systems using certain technologies over a range of sizes.






—————

2. SYSTEM MODEL

The objective of the study was to evaluate systems over a
range of capacities for a selected set of technologies. There are
two ways to approach such a study (20). Actual operating systems
using each technology, of sizes distributed over the desired range,
can be located and analyzed from information gathered on site. This
approach is difficult because comparable systems using the same tech-
nology and similar management over a suitable range of sizes must be
located. This difficulty is compounded by the necessity of obtaining
co-operation from the operators after the suitable systems have been
found. Accordingly, the alternative, a modeling approach was adopted.

The next problem to be considered was whether to use a
static or dynamic model. A dynamic model is useful for analyzing
the operations of an individual system to find information such as
peak labor useage or the effect of a disturbance such as bad weather
on the system (20). This study, however, was designed for compar-
ison of a large number of systems. Static models are simpler and
more suitable for an application of this type. Therefore, static

models were used for the study.

2.1 FORMULATION OF THE MODEL
Koenig and Tummala (24) discuss a modeling technique in

which a system is decomposed into a set of components described in
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terms of their mass-energy characteristics. When each component
is assumed to operate independently of the remainder of the system,
alternative system designs can be evaluated by replacing components.

For the beef model, components are of two generic types:

material transformation and transportation. A material transforma-
tion component is one that transforms input material into output
materials. The mix of input and output materials achieved by the
component is described by the technical coefficients for the com-
ponent. An alternate component, of a different technology, performs
the séme material transformations, but might have a different set of
technical coefficients. The transformations are effected by the
application of processing energy.

Transportation components do not perform a material trans-
formation. There is, however, a processing energy cost (24).

A notational scheme has been adopted for the formulation
of component models. Material flow rates of material i into or out
of component j are denoted Yij (i.e., Yij has units of quantity of

material per unit time). The amount of energy m associated with

this same material is denoted X?j (i.e., X?j has units of quantity

Y then

of energy m per unit quantity of material). The product X?. i
1]

denotes an energy flow rate.

2.2 COMPONENT MODELS

Feed Production Subsystem

The feed production subsystem includes shelled corn pro-
duction and transportation components, silage production and
tranSPOYtation components and component for mixing the ration to be

fed to the cattle.
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The corn and silage production components.are shown in
Figures 2.1 and 2.2, respectively. The two components have similar
inputs, but the units of output are different, being bushels of shelled
corn pef year and tons of corn silage per year, respectively.
The material flow model for corn production takes the form:
Y., =Ky Y01 i=1,2...6 (2-1)
where K11 is the quantity of material il required to produce one unit
(bushel) of shelled corn.
The output, YOl’ determines the quantities of the other
flows and is called the stimulus variable. The flow other than the

stimulus are called response variables. The Ki 's are the technical

1

coefficients for the component.

Similarly, the material flow model for silage production

[
7]
(X

Yi2 = K52 Yoo

Ration production, another material combination component

i = 1,20.07 (2-2)

is shown in Figure 2.3. Ration is produced by combining, in the
proper proportions, corn and silage, which has had protein supplement
added to it before storage. The mathematical expression for the
material éombination is:

Y i=1,2 (2-3)

i3 = Ki3 Yo3

Associated with each edge (material flow) is a vector of
values representing the energy per unit of the material required to
Put the material into its current state. Elements of the energy
COst vector are denoted by X?j (m indicates the energy type) where:
1 : capital (%)

2 : labor (man hours)
3 : fossil energy (horsepower hours)

883
oo






11

\ 01
B -9
_i//// Shelled Corn

Chemicals

Figure 2.1. Corn Production Component
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Figure 2.2. Silage Production Component
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m = 4 : electrical energy (kilowatt hours)
m =5 : land (acres)
m= 6 : dollar cost ($)

Land is a measure of the solar energy needed to produce
the crop. ng, the unit dollar cost of material i for component j,
is, among other things, a scalar function of the energy costs of the
other five energy forms. The value of ng depends on the relative
availability of the five forms of energy and the preference society

places on each of the input materials.

Examples of costs are: Xgl is the land required to produce
one bushel of seed corn and Xéz is the labor in man hours needed to
produce one ton of silage, including the labor required to produce

the quantity of each of the input materials used to produce one ton

of silage.

Employment of the conservation of energy principle implies
that the net energy flow into the component plus the applied process-

ing energy must equal zero. The expression:

6
m -—
.__zKil X1 m=1,2...6
i=1

is an accumulation of the amount of energy m in the input materials

required to produce one bushel of shelled corn.

Processing energy costs include the cost of machinery,
buildings, labor, fuel, taxes, depreciation, etc. The processing
eénergy cost function is typically a non-linear function of the pro-
duction level. The amount of processing energy m required for one
bushel of shelled corn is:

m
fl(Yol) m = 1,20006
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Energy relations in each of the m types are expressed below for the

shelled corn, silage, and ration components, respectively:

6

_ 2 m - m = -
Xyp = '=§Kilxi1 £1(Yy)) m=1,2...6 (2-4)
X, = -)7:1( Xo, - £0(Y..) =1,2...6 (2-5)
02 Th2ti2 T 2702 M= aleer
X . = -)2:1< Xe, - £o0Y_ ) =1,2...6 2-6
03 = &Xis%i3 © £3%03 m=1,2... (2-6)

After each crop has been harvested, it is transported to
storage. The model contains components for the transportation of
both feeds, of the type shown in Figure 2.4. Since the same material
flows into and out of a transportation component, and it is assumed
that no losses are incurred, only processing energy costs need be con-

sidered. The cost models for the transportation components for shelled

corn and silage are:

m = - m = -
X2T fZT(YZT) m=1,2...6 2-7)
m _ _m = -

The combination of components that make up the crop pro-
duction subsystem are connected as shown in Figure 2.5. Energy
costs of crop production, transportation of each crop, and the energy

costs of the ration can be evaluated from the model of the sub-system.

Feedlot Component

After the ration has been produced and transported to

Storage, it is moved to the animals in the feedlot, as shown in

Figure 2.6. The mathematical form of the feedlot component model

is:
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Y, = R ¥o, i=1,2...7 (2-9)
d = -)7:1< X = (Y =1,2...6 2-10
An Fou = Ratis - 5 ou WA 2 (2-10)

The waste material flow from the feedlot is decomposed into
the flows YIA’ Y24, Y34, and YM' The first three are re-cyclable
nutrients N, P, and K (Nitrogen, Phosphorus, and Potassium) respect-
ively. The flow YAA represents the flow of waste water and other
inert or non-nutrient portions of the animal manure.

An alternative description of this component would show a
single output of waste material. The four-output form was selected
because changes in animal type, ration, or feedlot type are expected

to affect both the composition and quantity of waste material (i.e.,

technology change alters technical coefficients).

Waste Storage

As waste material is held in a manure pack, liquid t3nk,
or elsewhere, there are losses to the environment. Waste water runs
off, evaporates, or infiltrates into the soil, carrying some of the
nutrients along. Volatilization and other losses occur which also
reduce the quantity of each nutrient to be re-cycled. There are
similar components to account for the loss for each of the waste
material flows of the type shown in Figure 2.7. The mathematical

form of the model is:

YiL = KiLYOL 15=570240 L =754165.75/8 (2-11)
m 2 m m

and = .z 2 = -
XOL X KiLXiL fL(YOL) m 1,2...6 (2-11)




19

1L
Leakage to Environment

.ZL

Applied to Crop Land

L =5,6,7,8

From Animals OL

Figure 2.7. Typical Waste Storage Component.

° ' -@ Nigrogen
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Waste Applied to Soil @ ~ v mom— @ Potassium
* 1T‘Q ® Jaste
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Figure 2.8. Waste Transport Component
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non-nutrient material
potassium

phosphorus

nitrogen

where:

[l ol ¥ o
o
o~NOoOVW

Waste Transport

The non-nutrient waste and fertilizer equivalents of N,
P, and K that remain after storage losses have accurred must be
transported to the field for application to the soil. The waste
transport component is shown in Figure 2.8. The energy costs for
the component are evaluated using the "common carrier' concept
discussed by Koenig and Tummala (24). The energy costs are allocated

according to the relation:

m i=1,2,3,4;

Xpp = ¢iFp(Yyp) m=1,2...6 (2-13)
4
where: YlT = .: ciYi
i=1
The c1 are factors which convert all material flows to the same
weight base. Y., is the total weight of the four materials which

1T

are transported together.

In this case, the nutrient flows are stated in units of
fertilizer equivalents (equivalent to commercial fertilizer), and the
actual weight of N, P, and K is not important. Only total weight of
nutrient and non-nutrient material is important relative to transport
cost. Therefore, the ci's for the flows of N, P, and K were arbitrar-
ily set to zero and the c; for total waste mass flow was set to one.
In effect, for the purpose of evaluating transport costs, all mass
is viewed as passing through the flow of waste material with the

Nutrient flows being massless fertilizer equivalents.
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Commercial Fertilizer

The quantity of each fertilizer constituent (N, P, K)
required is determined by the crop production components. A steady-
state nutrient equilibrium was assumed (nutrients applied equal
nutrient uptake by plants plus losses). The amount of each nutrient
to be applied as commercial fertilizer is the difference between the
quantity required by both crops and the quantity available from the
waste, as shown in Figure 2.9. The commercial fertilizer require-
ments are:

Yon = Yo1 F Yoy " Yig (2-14)

YOP = Y3l + Y32 - Y17 (2-15)

Yok = Y1 T Y2 T V16 (2-16)

m
0i

fertilizer purchased is the cost of the material supplied to the farm.

The cost X i=N, P, Ki m=1,2...6 of the commercial

2.3 BEEF FARM MODEL
The diagram in Figure 2.10 shows the entire system. Each
material flow in the system depends on the quantity of beef produced.
The energy costs per unit of beef also depend on the system size.
The method advocated by Koenig and Tummala (24) and illus-
trated by Holtman, et al., (22) was used in deriving the following

system material flow relations. The flows are:

Yo = Kenlos
You = %9404
Y = K_K. . K_,Y

52 5223 54704

Y K K, . K. Y

62 62 23 54704
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(a) Commercial Nitrogen Requirement

opP

31

(b) Commercial Phosphorus Requirement

OK

%

42

(c) Commercial Potassium requirement

Figure 2.9. Commercial Fertilizer Requirement
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Y72 T K5o%385, Y0,

Ygo = KgaRy3Ks, Yoy,

Y51 = K51%13%54 Y04

Y1 = Re1%13%54 Y04

Y71 T %71K13K54 Y04

Y15 = K584 Yos

Y16 = X16534Y04

Y17 = K17%4 Y04

Y18 = K18%4 %04

Yo = Koy (KppKog + Ky 1Ky )
Yop = (K5 (KyyKyq + Ky Ky 9)
v =

ok = (Kog(K3pKyg + KyiKig)

- K27K

- K K Y
26 34) 04

- KygKi4) Y4

240 Y04

(2-17)

In effect, the set of equations above transforms the entire

system model into a component model with seventeen material flows to

and from the environment. A consistent

set of flows and coefficient

units are shown in Appendix A. The flow Y04 (output of beef) is the

stimulus variable that dictates the rema
cost per unit of output beef is expresse
ship:

X\, = (K + K. K, ,K

04

+ (K2 + K, K, ,K

+ (K + K, K, K

m m

+
(K5 Xgy + Kgp Xy

" Ky3Ksy

11%13Ks54 T KoKo5Ksy, -
K138 T RpoKoaks,, -

31%13Ks4 T K3pKpaKs, -

ining flows. The energy

d in the following relation-

m
Ky 8%14)%on

m
Ky 7K %0p

m
K) 68340 %ok

m

K71X71)
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* KygRg, KepXgy + Re,Xe, + KXo, + KgoXg))

- ReXey ~ 7%y,

- Ry Ky X5 + K Ky XTg + KR X+ Ky R XT)

- Ky gRe, £ (K gRe, Y,)

- RygKs, £y (Ry K, ¥o,) = Ky £3(Rg,¥0,) - £(Yp,)

" Ry f5(K¥o,) - Ry, £e(Ky ¥o,) = Ky £7(Ry ¥,

RS TR CA RIS S SR SN IR TTR

- Rygs, Epn (K aKe, ¥o,) = Kygke, £3,(Ry Ky Yo (2-18)

The first three terms are the cost of commercial fertilizer
added to crop land. The following two terms are the costs of other
materials used for crop production. The next two are the costs of
inputs to the feedlot component (water and feeders, respectively).

The following term is the cost of the materials leaked to the environ-
ment, The remaining terms represent the processing energies used to
convert the input materials into finished beef.

The model expresses all input and output material flows,
for a given system, and the cost of beef produced by the system as
functions of the technical coefficients (technology) and the amount of
beef produced by the system (size). Given the set of technical co-
efficients, the processing energy function, and system capacity, beef
production systems can be analyzed to find the quantity of material

flows to and from the environment and the cost of beef produced.
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2.4 TECHNICAL COEFFICIENTS

The technical coefficients and the processing energy func-
tions are not all readily available. Some, like K13 and K23
(amounts of silage and corn fed per animal/day) can be found in the
literature. Others must be evaluated by different means. The pro-
cessing energy functions are universally unknown. The estimates of
energy consumption that are available (1,11,32,37) often do not
consider variations with farm size, They are usually averaged over
whatever farm sizes that were available when the information was
collected.

It was necessary, therefore, to analyze each component to
find some of the energy costs. Discussion of the approach is divided
into three chapters 1) crop production, 2) farmstead, and 3) trans-

portation.
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3. FIELD MACHINERY

The field machinery system includes only those operations
which take place in the field and are needed for tilling the soil
orxr planting and harvesting the crops used for the ration. Referring
to Figure 2.10, this field machinery system model estimates the
requirements for each of six processing energy types for field crop
production. Energy associated with the input materials will be
discussed below.

The machinery model selects a machinery complement, in-
cluding power units, which is capable of performing all field opera-
tions at a rate sufficient to achieve a successfull crop. The model

begins by estimating horsepower needed for the cropping operations.

Then the tractors and field machines are selected and the processing

energies are calculated.

3.1 POWER REQUIREMENT
Power required for field operations depends on the amount
of work to be done and the time available. Work to be done depends

on: 1) the acreage of each crop to be grown,

3) field operations required for planting, cultivating, and harvesting

the crops and 4) the technology (kinds of machines) being used. The
time available for completion of field work depends on 1) weather and

soil characteristics, 2) hours worked per day, 3) number of days

27

2) soil characteristics,
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allowed for completion of field operations, &) scheduling efficiency,
5) machine reliability and 6) field efficiency.
The method described in this section is taken from Hughes,

t al. (23) and is shown in Figure 3.1.

Field Operations Required

The set of field operations to be performed depends on the
crops to be produced and the production technology adopted. 1In its
s implest terms, production technology refers to the particular set of
f£ield operations used to grow the crop. Zero tillage, where the seed
is planted in the soil without any preliminary tillage, is an example

of a production technology.

Subsets of Field Operations

The set of field operations are organized into subsets.

Each subset is a group of field operations that must be performed
either simultaneously or sequentially during a specific time period.
No particular order of operations within the subset is assumed.

A subset can consist of a single field operation, such as
combining grain corn or it may include several operations such as the
Plowing, tilling, and planting that occurs in the spring. Starting and
ending dates for the subset may be dictated by cropping characteristics,
by weather and soil conditions, or by management requirements. The
Spring operation subset, for example, cannot begin until soil condi-
tions are suitable for tillage. The ending date for the subset is
the target date for completion of planting, a management decision based

On crop growth characteristics and the prevailing climate.
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C}D ®

List set of field operations for
growing all crops

1,_

List of crops to be grown
List of field operations for
each crop

Organize field operations into
subsets with specific starting
and ending dates

Weather information
Crop growth pattern
Management requirements

Determine theoretical energy per
acre for each field operation

Calculate total theoretical
energy for each field operation

Soil factors, crop yields

Machine characteristics

Area of each field opera-
tion in each subset

Calculate total effective energy

for each field operation in
each subset

Field efficiency for each
field operation

Calculate total effective energy
for each subset

Calculate total time in hours for
completing each subset

J.‘_.

Hours per day (nominal)
Scheduling efficiency
Useable days

System reliability

Calculate horsepowé; for each
subset

peak horsepower be
reduced?

No

Calculate horsepower needed
system
@late design horsepower
( Stop )

Figure 3.1.

Modify operations

£oE Safety factor

Procedure for Estimating Horsepower Requirement
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Theoretical Energy

Theoretical energy consumption is a familiar subject which
has been discussed by many authors (1,3). It is the energy, in horse-
power hours, that would be consumed in performing a particular field
operation if there were no field inefficiencies such as wheel slippage,
overlap, etc. Theoretical energy consumption by a field machine is
s ituation specific and depends on factors wuch as soil characteristics,
crop yields and machine characteristics.

The assumption is often made (3) that theoretical energy
required per acre for a particular machine is speed invariant. This
is not always true, particularly for tillage machines such as mold-
board plows for which energy consumption increases as some power of
speed (3). However, if machine speed is restricted to a narrow range,
the theoretical energy can be assumed to be constant. This procedure
was selected.

Theoretical energy can be calculated from Equation 3-1,
where the first bracketed term is the horsepower requirement and the

second term is the theoretical time per acre:

5%, 8.25
ETj = (———)(I(-'—S—) j=12..un (3-1)
375 i3
where: ETj = theoretical energy for field operation j (hp-hr/acre)
Uj = unit draft of machine j (pounds/unit of size)
Kj = gize or capacity of machine j (units of size)
Sj = assumed speed of machine j (mph)
n = number of field operations

For example, a harrow will have Uj given in pounds per foot

of width and Kj given in feet. It can be seen in Equation 3-1 that Kj



\e

31
and Sj both cancel out of the relation. Thus, theoretical energy is
not a function of machine size or speed. It is, rather, a function of
the unit energy which depends on an interaction between soil conditions
and the design of the machine.
Total theoretical energy required for a field operation

(TDTETj) is the product of the theoretical energy per acre (ETj)
and the acreage for which the field operation is required (aj), as

shown in Equation 3-2.

TOTE , = E Led, j = 1,2...1‘1 3"2
T§ 7333 j (3-2)

E ffective Energy

Field efficiency is a measure of time losses in the field
due to overlap, wheel slippage, turning, plugging, etc. Several of
these factors increase the energy that must be expended before a field
operation on a particular area is completed, and all of them require
that the rate of energy expenditure (power) be increased if the oper-
ation and others in the same subset are to be completed without
violating the subset time constraints.

Field efficiency tends to decrease as machine size increases
(1) and to increase as field size gets large. Usually, large machines
are located on large farms which tend to have large fields. This
balancing effect is the justification for the assumption that field
efficiency is independent of machine speed. It is felt that the in-
accuracies introduced by the assumption are negligible,

The total effective energy required for each field operation
(TOTEEj) is the total theoretical energy divided by the field efficiency

(effj) of the operation as shown in Equation 3-3.
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TOTEEj = TOTEEj/effj j=12...n (3-3)

The total effective energy for a subset (EFENi) is found by
adding the total effective energies for all field operations in the
subset, as shown in Equation 3-4 where i is the subset number and n is

the number of operations in the subset.

EFEN, = ) TOTE (3-4)

S ubset Time

Time available for completing the operations in a subset
depends on 1) hours the machines work per day, 2) number of working
days for completion of the subset, 3) percentage of working days
that are useable and 4) machinery system reliability.

The hours of machine use per day equals the operator's
nominal work day less the time spent in activities such as road travel,
hitching, and others that take place outside the field. Scheduling
efficiency, the percent of scheduled work time that the machine and
operator are in the field, is a measure of this type of time use.

Tulu (32) developed a method for determining the percent
useable work days, at a specific location, based on a soil moisture
budget and a tractability criterion. The model was evaluated, by com-
Paring predicted tractability with actual tractability conditions
which occurred on certain farms, and found to be an effective predictor
of tractability.

The percent useable days for each subset, in this study,
were determined by Tulu's method (using sixteen years of weather data

from the Detroit City Airport), using his combine tractability
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criterion for the shelled corn harvest and his tillage criterion for
all other operations. The percentages will be presented in Chapter 6.

The number of working days is the number of days from the
beginning to the ending dates for the subset, less days when no work
is done, such as Sundays and holidays.

Machine reliability is a measure of the percentage of time,
when the machine is in the field, that it is in operating condition.
Time lost because of repairs reduces the time available for completing
the operation. Machine system reliability is an overall figure
applied to all machines in the system.

Time for completion of a subset can be calculated from
Equation 3-5:

SST = (BDAY-FDAY-HDAY) (HRSDA) (USEDA) (RE) (SCED) (3-5)

where SST = subset time (hours)
BDAY = beginning day number (day)
FDAY = final day number (day)
HDAY = non-working days (day)
HRSDA = nominal hours worked per day (hours/day)
USEDA = percent useable days (decimal fraction)
RE = system reliability (decimal fraction)

SCED = scheduling efficiency (decimal fraction)

The total effective horsepower needed for the operations in
each subset is found by dividing the effective energy required for the
Ssubset by the subset time as shown in Equation 3-6. This calculation

must be made for each subset.

s, = EEEN,

i " SSTil i=1,2...n (3-6)
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where: EHPi = effective horsepower needed for subset i (hp)
El"'l':lNi = effective energy for subset i (hp-hr)
SSTi = time for subset i (hours)
n = number of subsets

The set of effective horsepower requirements by subset
gives the distribution of horsepower requirements throughout the year.
Often power reductions are possible by modification of the order of
operations, time constraints or the production technology. If any
reduction can be made, the process should be started over, as shown
in Figure 3.1, with the new input information.

The effective horsepower required for the system (ESHP) is
the maximum of that required for any one subset. It should be noted,
however, that effective horsepower is the minimum that is capable of
completing the field operations under the assumed conditions. If
conditions are such that more power is required than has been estimated,
the effective horsepower would not be adequate and either the work
schedule would have to be extended or the quantity of work reduced.

To circumvent this possibility the effective system horse-
Power (ESHP) is increased by a factor of safety (MFAC) to a design
hol‘sepower (DHP) as shown in Equation 3-7.

DHP = ESHP/MFAC (3-7)
MFAC is normally in the range of 0.7 to 0.8 (6). The additional horse-
POower is available for handling unexpected situations such as extra
field operations, modified soil conditions, etc. Another effect of
incl‘easing power to DHP is that the average loading rate of the tractor
is Teduced to some percentage of its rated power. The reduction also

PTomotes engine life and reliability.
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The power determination has been made by use of anticipated
loads on the tractor. Thus, the power requirements that have been

estimated are all drawbar horsepower.

Self-propelled Machines

The preceeding discussion was for tractor powered machines.
Obwviously, all operations do not require input of tractor power. The
selection model can also be used for self-propelled machines. The
only restriction is that self-propelled machine operations must be
Placed in subsets separate from tractor powered operations. The sub-
set dates can overlap the tractor powered subsets, since separate
equipment is to be used in each.

The self-propelled machine power is then calculated via
Procedures parallel to that used with the tractor powered operations.

As many ''parallel paths'" as needed may be defined.

3.2 TRACTOR SELECTION

The size and number of tractors needed depend on the design
horsepower for the system (DHP) and the size range of tractors avail-
able in the marketplace. The number of tractors (NTR) must, of
Necessgity, be an integer. The minimum number of tractors needed is
foungqd by taking the ratio of design horsepower to the maximum tractor
drawbar horsepower (MAXHP) and rounding up to the next integer. Many
Comb i nations of NTR tractors with total horsepower equal to DHP are
Usually available.

Two courses can be followed at this point to select a
Parti cular set of tractors: 1) use all possible combinations of

tractors with total horsepower equal to DHP, select a machinery system
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for each, and choose the combination which best satisfies some preset
criteria, or 2) select a particular set of tractors which is assumed
to be best for a particular situation.

Initially, the first approach was used. An algorithm was
prepared which would produce all combinations of tractors of integer
sizes with a total horsepower equal to DHP. Machinery was then select-
ed for each tractor combination, using the method which will be de-
scribed in the following section. The complete system with lowest
total annual operating cost was then selected.

The best system, including both tractors and machinery,
was observed to consistently be of one characteristic type. It had
all but two of the tractors as large as possible with the remaining
horsepower distributed between the other two tractors. One of these
was as large or as small as possible.

Accordingly, the original algorithm was modified to the
form shown in Figure 3.2 which produces a single combination of NTR
tractors with horsepower distribution as described above.

An exception to the preceeding rule can occur if the power
from the tractors can not all be used because of field machine operat-
ing limits. For example, harrowing 1000 acres in five hours, with a
unit draft of 150 pounds per foot of width and MFAC equal to 0.75,
requires 73.4 effective system horsepower, 98 design horsepower and
an effective field capacity of 20 acres per hour. The algorithm in
Fi gure 3.2 would select one 98 horsepower tractor for this situation.

From Table C.4, maximum width and operating speed for a
harrow are, respectively, 30.0 feet and 6.0 miles per hour (reasons

for these limits are discussed below). To operate at 20 acres per



37

(st )
l

NTR = IFIX(DHP/MAXHP)+1 |+

l

FHP = DHP-(NTR-2) (MAXHP)

}

TRAC(NTR) = MINHP |-

DHP, MAXHP

l

ITRAC(NTR-I) = FHP-MINHP*]

~———

l

TRAC(NTR-1) : MAXHP

V

MINHPI

TRAC(NTR-1) = MAXHP :
TRAC(NTR) = DHP-(NTR-1) (MAXHP

(st )

TRAC(J) = MAXHP

1 =01

Figure 3.2. Tractor Horsepower Determination
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hour, the tractor can pull a 30 foot harrow at 6.2 miles per hour
or a 30.5 foot harrow at 6.0 miles per hour. Neither of these solu-
tions is acceptable because one of the constraints is violated in
each case. The effective system horsepower cannot be used because of
the operating limits on the field machine.

The solution to problems of this type is to increase the
number of tractors. For the example, two tractor-harrow combinations,
with a total of 98 horsepower, could be used so that the limits on
harrow size and speed are not exceeded.

For this study, since enough time was alloted for the
completion of each subset of field operations, problems of the per-
ceeding type did not arise. Therefore, no modification was ever made
to the set of tractors selected by the use of the procedure of Figure
3.2,

The effect of restrictions on power level can be evaluated,
simply by changing MAXHP. It should be noted that the system chosen
by the method of Figure 3.2 may only be best for the set of crops
and the production technology being used in this study. Inclusion of
other field operations, or a change in production technology might

alter the best system characteristic form.

3.3 MACHINERY SELECTION
The method used for selecting field machines is a modifi-

cation of the process presented by Connor, et al., (12) which was

also developed by this author. Before selecting the field machines,

4 work schedule must be constructed for tractor use to determine

which tractor powered each machine.
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Several procedures can be used, and were evaluated for
allocating field operations to be powered by each tractor. The
method chosen, which is presented below, was considered to be the most
realistic. The work to be done by each tractor in each subset of

operations is first determined.

Allocation of Tractor Energy in Subsets

The method for assigning a quantity of work from each sub-
set to be done by each tractor is shown in Figure 3.3. Before this
procedure is initiated, the number of tractors (NTR), the ﬁorsepower
of each tractor (TRAC(J), J - 1,2...NTR), the number of subsets
(NSETS), the work time for completing the subsets (SST(I), I = 2...
NSETS) and the total effective energy required for each subset (EFEN
(I), I =1,2...NSETS) will all be known.

For each subset I, the maximum amount of energy (TEN(I,J))
that tractor J can be expected to develop in time SST(I) is calculated,
It is assumed that the tractor operates at an effective horsepower
which is its rated horsepower (TRAC(J)) multiplied by the factor

MFAC. Thus:

I
J

1,2...NSETS

Ten(I,J) = MFAC * TRAC(J) * SST(I) 13 NIR
’ LN 4

For the subset, the tractors are all checked, from smallest to
largest in order, to determine if any one can develop enough energy
to power all the field operations in the subset. If one tractor is
capable of powering all the work in the subset, then it is assigned to
Supply all the energy required for the subset of operations.

If no single tractor can power all the operations, then the

largest tractor is assigned to work at capacity, for the time SST and
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Figure 3.3. Allocation of Tractor Energy in Subsets
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develop energy equal to TEN(I,J). The procedure is then repeated
in allocating the remaining work to the remaining tractors. Table
B.2 is an example of the energy allocation for the field operations
and subsets shown in Table B.l.

After energy to be supplied from each tractor for use in
each subset has been allocated, specific field operations in each
subset must be assigned to each tractor. Several methods are avail-
able for the assignment process. The one used in this study is des-
cribed below. Of course, if only one tractor is used, the allocation

problem is non-existent, since the one tractor powers all operations.

Allocation of Tractors to Field Operations in a Subset

If subset I has field operations requiring energy from more
than one tractor, tractor J (the largest tractor scheduled for use
during the subset) is assumed to power the largest possible portion,
of the earliest field operation, that has an energy requirement less
than or equal to TEN(I,J). If TEN(I,J) exceeds the energy required
for the earliest operation, subsequent operations and/or a fraction of
an operation are assigned to tractor J until the total energy re-
quired for the assigned operation equals TEN(I,J). Usually this
Process will leave a fraction of one of the operations unassigned,
which ig then taken as the starting point for the assignment of field
OPerations for the next smaller tractor scheduled to power operations
in the Subset. The procedure is continued until all field operations
in the Subset are assigned to tractors and is then repeated for the

other subgets,



42

Since the power rating of each tractor and the energy
requirement for each field operation are known, the time required
to complete each operation can be calculated. Dividing the energy
requirement in horsepower hours by the product of tractor horsepower
and MFAC yields the time to complete the operation in hours.

Thus, the acreage and time for each field operation can be
calculated. The effective field capacity of each field operation
powered by each tractor can be found by dividing the acreage by the
required time. Table B.3 shows the assignment of field operationms
for the example in Appendix B. Disking in Subset 1 and plowing in

Subset 5 are examples of field operations divided between two tractors.

Machine Selection

Machine selection begins by establishing limits on the size
of machine that can be used for each machine-tractor combination
specified in the previous section. These limits are established by
using size and speed constraints. Each particular machine is assumed
to be available in a range of sizes from a minimum to a maximum width,
and to operate properly over a range of speeds from a minimum to the
maximum allowable. For a particular technology, these are obviously
realistic assumptions. Table C.3 shows the size and speed limits
for each of the machines in the example,

When an operation in a subset is divided between tractors,
or when the same operation is performed in more than one subset, the
USe time and size limits should be checked to determine if the same

machine can be applied to more than one of the uses.
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If an operation in a subset is performed by more than one
tractor, if the size limits overlap, and if the total time for the
field operation is less than the subset time, then one machine will
satisfy the need. 1If, on the other hand, time for the field operation
exceeds the subset time, multiple machines will be needed.

Similarly, if the same operation is performed in more than
one subset, and the size limits overlap, one machine will suffice.
If the size limits do not overlap, multiple machines will be needed.

After all possible combinations of this type have been found,
the annual time each machine is used is found as the sum of the
several times the machine is used, and the size limits are reset to
the widest pair that satisfies all of the limits. Table B.4 shows the

results of this procedure for the example.

Machine Costs

Since the entire selection procedure was based on energy
consumption, it was considered that service life should also be based
on energy consumption. After machine life was expressed as quantity
of energy, the service life would be found by dividing the service
life energy by the annual energy consumed for operating the machine.

For example, if the average horsepower to pull a harrow
was known, the machine life in horsepower hours could be calculated
by multiplying by the average harrow life in hours (1,6). This
method is advantageous because it takes into account the severity of
machine use. Two similar machines used under different conditions
for the same amount of time would be found to have different service

life periods. Also for this study, where the soil is assumed to be
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the same for farms of all sizes, changes in energy consumption due to
differing soil types would not have to be considered.

However, reliable estimates of machine life in energy terms
could not be readily made, so machine life was determined from the
annual hours of use. A service life in hours was assumed for each
machine. Then after the annual hours of use were determined, the
service life was calculated by dividing machine life in hours by
annual use.

The original cost of each machine and tractor was calculated
from a regression relationship relating cost per unit of size to
machine size. The regressions were developed from information supplied
by a machinery manufacturer (13). These regression relationships are
shown in Table C.6.

Depreciation was calculated by the straight line method.
Repair costs over the life of the machine were taken as a fixed per-
centage of the original cost of the machine and were prorated accord-
ing to annual machine use. Annual cost for interest, housing, taxes,
and insurance were calculated as annual percentages of the purchase
cost of the machine.

The self-propelled machines, if any, are selected by the
same procedure discussed for the pull type machines. Costs for self-
propelled machines and the tractors were evaluated similarly to the

machine costs.

3.4 PROCESSING ENERGIES
The preceeding portions of this chapter have explained the

selection and assumed mode of operation of the field machinery system.
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From the information that has been developed totals of each of the

six processing energies can be found.

If the analysis is repeated several times using the same
technology and over a range of sizes, the processing energy function

m
fl(Y03) can be developed.

Capital

Capital requirement in dollars is the sum of the initial

costs for the tractors, field machinery, and self-propelled machines.

Labor

Total labor needed in the field equals the sum of operating
times for each tractor and the self-propelled machines plus an allow-

ance for scheduling inefficiencies, and an additional allowance for
administration.
Fossil Energy

Fossil energy in horsepower hours is the sum of the energy

requirements for each of the subsets.

Land

Land cost is equal to the area required for all crops.
%

There is no electricity consumed by the field machinery
system.,
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Dollar Cost
Dollar cost per year is the sum of the operating cost for
each machine, tractor, and self-propelled unit plus the dollar cost
of each of the other energies used. Table B.6 shows the energy costs

for the example system.




4., FARMSTEAD SYSTEM

The farmstead system includes the equipment and opera-
tions connected with feeding and handling the cattle. Referring to
Figure 2.10, this model is used to estimate the requirements for each
of the six processing energies for the farmstead operations. Ener-
gies associated with the input materials will be discussed later.

The farmstead system components were first designed; then
the processing energies were estimated for the system. A straight
forward design process was used in all cases. Components to be de-
signed included the feedlot, the feed storages, and the liquid waste
tank, if needed. In addition, equipment such as waterers, silo un-

loaders, and liquid waste pumps were specified.

4,1 COMPONENT DESIGN

Feedlot

The four types of feedlots considered were: 1) completely
open, unpaved lot, 2) completely covered, 3) partially covered,
with hard surfaced lot, and &) partially covered, with unsurfaced
lot (26). The floor in the completely sheltered feedlot was either
solid concrete or slotted, depending on the waste handling system (11).

The feedlot layout can be completely specified by five
Parameters if the basic layout shown in Figure 4.1 is assumed. The
nNecessary data are 1) inches of feedbunk per animal (INHD), 2) final
weight of the animals (ENDWT), 3) area (square feet) of open lot and

47
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shelter per 100 pounds of final animal weight (CLOT and CSHEL respec-
tively) and 4) feedlot capacity (HDFB).

Feedlot length equals feedbunk length which is the product
of INHD and HDBF. Open lot area per animal is the product of CLOT
and total final hundred weight of animals. Shelter area per animal
is similarly calculated from CSHEL. Width of open lot (WLOT) and

shelter (SHEL), respectively, can be found from the following re-~

lations:
_ (CLOT) (ENDWT/100)
WLOT = (INHD/12) (feet)
_ (CSHEL) (ENDWT/100)
WSHEL = (INHD/12) (feet)

The size of the constants CSHEL and CLOT depend on the
technology being used. They can be zero in some cases. CSHEL for
the fully sheltered feedlot also depends on the waste handling system
being used. A slotted floor liquid waste system will usually have
less area than a solid waste system.

The final animal weight (ENDWT) is the average for all
animals in the lot. It depends on the kind of animal being fed in
the lot (calves or yearlings).

Feedlot capacity is the largest number of fully grown
animals that can be housed simultaneously in the feedlot. Feedlot
volume, or the number of animals produced per year is proportional to
capacity. The constant depends on days on feed, which varies with

animal type, ration and feedlot type.

Feed Storage

Two feeds were required for the two assumed rations (4).

Corn silage, which is in both rations, can be stored in tower or
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bunker silos. Grain corn, which is in one ration, was assumed to be
handled as "high moisture' corn stored in sealed tower silos. Other

handling and storage systems were not evaluated.

Sealed Tower Silos for Moist Corn

Tower silos for moist corn were selected under a minimum
capital criterion. These units are available in a finite set of
diameters, and in multiples of a height increment up to a maximum
height for each diameter. Cost varies with diameter and height (37).

The quantity of corn to be stored depends on feedlot cap-
acity and average daily corn feeding rate (4). For the conversion
to volume, moisture content of the corn was needed since corn weight
and volume per bushel both depend on moisture content.

The procedure began by assuming a diameter for the silos.
Total silo height was easily calculated from volume and diameter.

If the total height exceeded the available maximum height for the
diameter (37), multiple units were purchased until the average height
was less than the maximum. The height of individual silos was adjus-
ted to the next higher or lower multiple of the height increment until
total height was within one height increment in excess of the total
height required. The cost of the silos was then estimated from a
price function. The procedure was repeated for each of the available
diameters and the lowest cost combination was selected.

Additional equipment included a silo unloader for each
unit, permanently installed blower pipe and a roller mill for pre-

paring the corn to be fed.
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Tower Silos for Corn Silage

Concrete tower silos are available in diameters ranging in
incremented steps between a minimum and maximum diameter. There is
a maximum height available for each diameter. Silo heights are also
available in increments. Silo cost is a function of diameter and
height.

Silage must be removed from a tower silo at a minimum
removal rate (TSRR) to retard spoilage. This minimum removal rate
was used to determine the maximum allowable diameter of the silos
(34). The following function, where TSDEN is silage density in
storage in pounds per cubic foot, LBS is daily silage fed per animal
in pounds and TSRR is expressed in inches/day yields the maximum

diameter:

_ (48) (LBS) (HDEF)
MAXD = (3.14) (TSDEN) (TSRR)

The silo diameter selected was the next smaller available diameter.

The quantity of silage to be placed in storage depends on
1) feedlot capacity, 2) daily silage feeding rate and 3) the amount
of silage expected to be lost because of spoilage (19). The required
volume depends on the density of silage. Total height was then cal-
culated from the diameter and volume, the number of silos was deter-
mined using the maximum height for the selected diameter, and the
average silo height was calculated.

The height of individual silos was then adjusted up or
down from the average height to an adjacent multiple of the height
increment until the total height of the individual silos was within

one incremental unit greater than the total height needed.
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No further evaluation of alternatives was made. Study of
the cost function clearly indicated that tower cost per ton of mater-
ial stored increased as height increases and as diameter decreases.
Another reason for holding the silos to approximately the same height
was to avoid the high energy cost for blowing silage into a tall silo.
Additional equipment included with the tower silos were

permanently installed blower pipes and a silo unloader for each unit.

Bunker Silos for Silage

The quantity of silage to be placed in the bunker silo is
determined the same way as for tower silos. Typically, loss in
storage is greater with a bunker silo than in a tower silo.

There is also a minimum removal rate (MRR) for bunker
silos. That much silage must be removed from the face of the silo per
day to retard spoilage. If MRR is removed each day, then the minimum
bunker silo length is (MRR) (365).

Bunker silo costs are expressed as the sum of two figures,
dollars per square foot of floor and wall (19). Preliminary analysis
showed that if endwalls are neglected, and depth and length kept
constant, silo cost per unit of volume decreases as width increases
up to some maximum width where the cost becomes essentially constant.
Until this maximum (WMAX) is reached, the silo cost per unit volume
increases with increased depth. However, once the width reaches the
maximum, increasing depth decreases cost per unit volume.

Following the preceding guidelines, bunker silos were

designed by the rule:
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Set minimum length defined by the minimum
inches removed per day. Set depth at the minimum.
Then increase width from zero until it either
reaches WMAX or the structure volume equals the
required storage volume. Once the width reaches
WMAX, increase height by one increment and re-
peat the process. Length is only increased after
both width and height have reached the maximum.
The only additional equipment needed is a front
end loader for removing silage.

Liquid Waste Tank

If a liquid waste handling system is used, a tank and a
slotted floor must be included (11). Weight of waste (flow Y44) was
calculated as a percentage of body weight. Required tank volume was
determined by dividing by the waste material density.

Slotted floors are made up of units of a particular length.
The ends of the floor units are supported on the outside walls or on
internal walls included for the purpose. The tank width is taken as
an integer multiple of the slotted floor unit length. The tank
length is assumed to be equal to the length of the building. Depth
is determined by dividing the volume by tank width and length. The
tank contains internal walls, as needed, to support the ends of the

slotted floor units.

4.2 PROCESSING ENERGIES
There are many ways a feedlot can be operated after the
basic components have been specified. The operation depends on the
physical layout of the system and managerial preferences, and can
affect some of the processing energies. Therefore, the operation
assumptions that were made for analysis of the system, are incor-

porated into the following discussion of processing energies.
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Capital

Because of the variation of interest rates with length
of investment, two classes of capital were considered. Long term
capital included the initial cost of the feedlot, shelter building,
fence, feedbunk, concrete slabs, liquid manure tank, well and feed
storages. Short term capital included the initial cost of waterers,
gates, silo unloaders, roller mill, blower pipe, silage blowers,
front end loader, liquid manure pump, feeding wagon and feedlot
tractors. The number of blowers, and the number and horsepower of
the feedlot tractors had to be designed in conjunction with the
transportation system and thus are not discussed in this chapter.
The energy costs for the blowers and tractors, however, were assigned

to the feedlot.

Labor

Total feedlot labor includes the labor required for feed-
ing the cattle each day, for packing the bunker silo, and for clean-
ing the lot and loading the waste plus allowances for scheduling
efficiency and administration.

Feeding time is made up of the time for removing the feed
from storage, feed wagon travel and unloading the wagon. It was
assumed that silage was removed from storage and loaded immediately
into the feed wagon. Corn was removed from silage, passed through a
roller mill, then loaded directly into the feed wagon. Time delay
involved in the grinding operation was considered to be negligible.

When tower silos were used for silage, the time for un-

loading corn and silage were calculated and the larger was taken



55
as the feed wagon loading time, since the two operations were con-
sidered to be done at the same time. For systems using a bunker silo,
the feed wagon loading time was the sum of the corn and silage un-
loading times, since it was assumed that the two operations must,
because of the necessary layout, occur sequentially.

Feed storages were assumed to be located near one end of
the feedbunk. The loaded wagon was pulled to a point on the feed-
bunk where unloading was commenced. The wagon was then pulled along
a section of the feedbunk while the ration was unloaded. After
completion of unloading, the empty wagon was pulled past the rest
of the feedbunk, turned around and returned to the feed storage area.

Travel around the feedbunk area was assumed to be at a
preset speed, and unloading was at a preset rate. Unloading time
was taken as a constant for a load unless feed wagon capacity was
changed. The length of feedbunk filled by each load was determined
from the number of times the animals were fed per day, the total
quantity of feed and feed wagon capacity. Round trip distance equalled
twice the length of the feedbunk plus the distance for turning at
the end. For each trip, the travel distance equalled the round trip
dis tance less the length of feedbunk filled by each load. Travel
time per load was calculated from travel distance for each load and
travel speed.

The number of loads per day was the total weight of feed
bper day divided by feed wagon capacity and the number of trips along
the feedbunk equalled the number of loads rounded up to the next

integer, Daily feeding time equalled the number of loads per day
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multiplied by the sum of loading and unloading time per load plus
the number of trips per day multiplied by the travel time per day.

Bunker silo packing rate is determined from the quantity
of silage divided by the time required for harvest or by a preset
minimum packing rate, which ever is larger. Silo packing time was
determined from the quantity of silage and the silo packing rate.

It was felt that solid manure loading rate was more depend-
ent on operator skill than on tractor horsepower. Loading rate was,
consequently, assumed to be independent of tractor size. Waste

loading time was taken as a quantity of waste divided by the load-

ing rate.

Fossil Energy

Depending on the technology, fossil energy was consumed in
the feedlot for some of the following operations: 2) feeding the
cattle, 2) blowing silage and grain corn into tower silos, 3)
packing the bunker silo, 4) unloading the bunker silo, 5) pumping
liquid manure and ¢0 loading solid manure.

Energy for feeding was consumed for loaded travel, unload-
ing the feed wagon and unloaded travel. The average distance a
loaded feed wagon was transported equalled one-half the length of
the feedbunk. Force to pull the wagon equalled the combined weight
of the wagon and load multiplied by the coefficient of rolling
resistance for the farmstead (1). Loaded travel energy per load was
the product of loaded travel distance and force. Unloaded travel

dis tance equalled one and one-half the length of the feedbunk plus

turn around distance. Unloaded travel energy per load was calculated
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the same way as the loaded energy. Unloading energy per load equals
the unit energy for unloading multiplied by feed wagon capacity.
Total feeding energy per day was the sum of these three energies
multiplied by the number of loads per day.

Energy for blowing silage and corn, packing the bunker silo,
unloading the bunker silo, pumping liquid manure and loading solid
manure was determined from the unit energy and quantity of each
material. The energies were preset except for the unit blowing energy

which was a function of the height of the silos.

Land

Land required for the farmstead was equal to the area of
the feedlot, feed storages and roads plus an allowance for easy

access to these components.

Electricity

Electricity was consumed for lighting, pumping water, un-
loading corn and silage from tower silos and grinding corn. The
energy required for each operation was determined from the quantity

of each material and the unit energy for each operation.

Dollar Cost

Dollar cost per year was the sum of the fixed and variable
costs for all components plus the dollar cost of each of the other

€nergies used in the farmstead.



5. TRANSPORTATION

The transportation system is the link between the field
crop production and the feedlot and other farmstead components.
On a beef farm, the transportation system moves feed to the farm-
stead, and returns waste to the field for disposal. For the
technologies being used in this study, the transportation system
consisted of a subset of the following five kinds of components:
1) corn wagons, 2) silage wagons, 3) liquid manure spreaders, &)
solid manure spreaders and 5) transport tractors. This chapter
describes the way a set of components was selected to form a system
capable of fulfilling the necessary transport functions on a beef

farm of a particular size and technology.

Assumptions

The following assumptions, discussed below, were made:
1. The transport distance between field and farmstead is

strongly influenced by farm layout. An accurate

a of this ph would require information
on the variation of transport distance with farm size.

Since such information was unavailable, it was assumed

that all farms were square and that the average trans-

port distance was equal to the length of one side

multiplied by 0.707.
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2. Weights, capacities and all other relevant informa-
tion about transport system components are known.
3. A maximum average speed exists which a unit can not
exceed.
4. Variations in speed do not affect the energy required

for a trip of a particular distance.

Discussion of Assumptions

The distance from the center of the farm to one corner
was the assumed average transport distance for each load. Implicit
in this first assumption are the additional assumptions that 1)
production of each crop is distributed over the farm and 2) waste
is applied to all parts of the farm. It does not require that waste
be applied to all parts of the farm every time the feedlot is cleaned
or that each crop has to be uniformly distributed over the farm.

It does mean that 'the center of gravity'" of the application area
and the crop area coincide with the geographical center of the farm.

Location of the farmstead on one corner is arbitrary. A
similar analysis can be made using any layout, as long as the average
distance the loads are transported can be determined. It is probably
true that transport distances are underestimated for the large units
relative to the smaller ones.

Component capacities are determined externally and used as
input parameters to the model. A system is specified by determining
the number of each type of component needed. A model capable of
selecting component capacity as well as the number needed would have

to have a more complicated logical structure. This was considered to



60
be unnecessary, since the object of the study was analysis, not design.
If desired, the effect of component capacity can be measured by using
a different set of parameters and re-evaluating the number needed.

It is reasonable to assume that an upper limit on speed
exists. The speed is limited by ground conditions as well as tractor
power.

Most transportation systems are more efficient users of
energy at lower speeds. On a farm, however, the transport speed
range is limited. The highest speeds are seldom over ten miles per
hour with a loaded unit pulled by a tractor and these speeds are
atainable only under good conditions where the rolling resistance is
low. Under these conditions, it is reasonable to assume constant

energy requirements

5.1 WASTE TRANSPORT
The quantity of waste to be transported depends on the
waste handling technology in use. Liquid systems collect and store
all animal waste material and a liquid spreading system must trans-
port this entire quantity of material. A solid system has less to
transport since runoff, evaporation and infiltration of the liquid

fraction reduce the weight of material by about 85 percent (10,11).

Time Per Load

Time per load, or round trip time, has to be determined
before the number of spreaders can be calculated. It can be de-
composed into four parts; loading time, loaded travel time, unload-
ing and spreading time and unloaded travel time. Loading and un-

loading times are determined by the loading and unloading
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rates, respectively. Loaded and unloaded travel time depend on
average speed and distance traveled. Unloaded travel is assumed to
occur at the maximum allowable travel speed. Loaded travel speed is
determined by transport tractor horsepower as long as the upper limit

on transport speed is not exceeded.

Number of Spreaders

The number of loads to be transported depends on the total
quantity of waste and spreader capacity. The average time between
loads depends on the number of loads and the allotted time for clean-
ing and spreading.

If the time required for one spreader load exceeds the
average time between loads, multiple spreaders are needed. The
number of spreaders can be found from the ratio of time per load to

the average time between loads rounded up to the next integer number.

5.2 TFEED TRANSPORT

All of the systems being analyzed use silage in the ration
and require silage transport. Corn transport is only needed for
those systems using corn in the ration.

Silage is handled in self unloading wagons. The unloading
function can be powered by the transport tractors or by an output
shaft on the silage blower. For this study, the wagons are assumed
to be powered by the tractors. Corn is assumed to be handled in side
unloading "gravity boxes'", The same tractors are used to transport
silage and corn as well as waste. The number of loads, time between
loads and travel time per load can be determined the same way as for

waste transport.
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For silage, loading time need not be considered since the
wagons are pulled by the field machinery tractors while being filled.
However, time for unhitching from one wagon and hitching to another
must be included in the time per load. Corn loading time depends on
harvest rate. Unloading time is governed by blower capacity as the

corn is blown into the storage.

Number of Blowers

Blowers are used for elevating corn silage and shelled corn
into tower silo storages. If the system uses a bunker silo rather
than tower silos, one blower is still required for those systems which
include corn in the ration. An all silage ration, with bunker silo
storage, eliminates the need for blowers completely.

When putting silage into tower silos, total blower capacity
must be equal to or greater than the total forage chopper capacity.
Lower capacity will cause wagons to queue up to unload and force
idle time on the forage harvesters which, as a consequence, will not
be able to complete the harvest on schedule.

The average time between loads (TBL) filled by the choppers
is found by dividing the total harvest time by the number of loads.
The minimum time (MINTIM) a blower can elevate a load of silage into
a particular silo depends on the maximum tractor horsepower, silo
height and MFAC. The number of blowers needed was taken to be the

ratio of MINTIM to TBL, raised to the next higher integer.

Silage Wagons for Tower Silo Systems

One wagon is assumed to be required with each chopper and

blower plus one or more in transit. The number in transit (NIT) can
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be calculated from Equation 5-1, where HTIM is the field hitching
time, OUTIM is the time to make the unloaded trip and INTIM is the
time for travel with a loaded wagon.

NIT = (HTIM + OUTIM + INTIM)/TBL (5-1)
NIT is rounded up to the next higher integer.

The maximum time available for unloading a wagon into a
blower (ULTIM) in a system with IBL blowers is:

ULTIM = (IBL)(TBL)
The unloading time affects the horsepower of the tractor used to power

the blower.

Silage Wagons for Bunker Silo Systems

Wagons are assumed to be unloaded as fast as possible into
a bunker silo. Unloading time (ULTIM) is determined by wagon capacity
and transport tractor horsepower. The time per load (TPL) is the sum
of HTIM, INTIM, OUTIM, and ULTIM. The number of wagons required is
found from the ratio of TPL to TBL raised to the next integer plus

the number of forage harvesters working in the field.

Wagons for Corn Transport

The number of corn wagons required can be determined from
the ratio of time per load to time between loads as discussed in the

previous section.

Transport Tractors

Transport tractors are usually small used tractors. Their
only function is supplying drawbar and PTO power for wagons of the

type previously discussed. The number of tractors needed is the




64
maximum of the number needed for transporting waste, silage or corn.
Usually, for the systems considered, the maximum is the number re-

quired for silage transport.

5.3 FEEDLOT TRACTORS

Feedlot tractors were sized by the power requirements for
putting silage into storage.

Time for packing a load of silage has been discussed pre-
viously. The packing horsepower was determined from the quantity of
silage per load, the unit energy for packing and the packing time as
long as the power required did not exceed the maximum allowable power.
It was assumed that this tractor was adequate for other feedlot oper-
ations.

When tower silos were used, each feedlot tractor (there
could be several) size was determined from the silage blowing require-
ments. The horsepower was determined from wagon capacity, unit blow-
ing energy and unloading time. The number of tractors was equal to
the number of blowers. Energy costs for the feedlot tractors were

included with other feedlot equipment.

5.4 ENERGY COSTS
Capital
Capital requirements equal the purchase price of spreaders,

silage wagons, corn wagons and transport tractors.

Labor
Labor requirements can be found by multiplying the time
per load by the number of loads for each material which is trans-

ported plus an allowance for scheduling efficiency.
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F'ossil Energy
Fossil energy for transportation is the product of the
average force of pulling the wagons and the average travel distance.
Fossil energy for unloading silage and waste can be found from the

unit unloading energies and the total quantity of each material.

Land

There is no land required specifically for transportation.

Electricity

There was no electricity required for transportation.

Dollar Cost
Dollar cost per year was the sum of the operating cost
for each wagon and tractor plus the dollar cost of each of the other

energies used.



6. IMPLEMENTATION OF THE MODEL

The definition of systems to be analyzed included the type
of feedlot, feeding storage, waste handling, animal and ration. Table
6.1 shows the set of component types used. Table 6.2 shows a set of
forty feasible combinations and the identification number assigned to
each,

All other aspects of the technology used for the systems
were fixed. The same soil, climate, field operations, time constr-
aints and machine characteristics were applied to all systems, and
thus were assumed to have no influence on the comparisons to be made
between systems.

It was originally intended to perform the calculations
needed for making the analyses manually. However, the experience
gained in designing and analyzing the assumed operations for one
system clearly indicated that the volume of work involved would be
excessive. Accordingly, the procedures involved, which have been
discussed in Chapter 2 through 5 were automated by use of a computer
program., Using the computer with appropriate data for each size-
technology combination, allowed the analysis to be carried out. The
use of the computer had the added advantage of insuring a consistent
application of procedures and assumptions without the probability of

human error.
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Table 6.

Type

Type

Type

Type

Type

1.

of
01
02
03
04
of
01
02
03
04
of
01
02
of
01
02

of

01
02
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Components Included in Technology Definitions

Feedlot

- Partial shelter, unpaved lot
- Partial shelter, paved lot

- Open unpaved lot

Completely covered

Feed Storage

- Moist corn storage, tower silos for silage
- Moist corn storage, bunker silo for storage
- Tower silos for silage

- Bunker silo for silage

Animal

- Calves

- Yearlings

Ration

- All silage

- Corn and silage

Waste Handling

- Liquid
- Solid
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Set of Technologies Selected for Analysis

Table 6.2.

TECHNOLOGY

FEED
STORAGE

NUMBER

RATION ANIMAL

HANDLING

FEEDLOT
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Many input values are dependent on the technology being
used., Others are constant for all systems. Appendix C shows the
complete set of data used.

Table C.1 is a listing of parameters taken as constants
for all the systems. Only those constants required were used for
each technology. For example, CLOAD which is the load capacity of
the shelled corn wagon in pounds is only needed for systems using
ration 2 (corn and silage). Table C.1 gives the name and definition
for each variable, the value assigned and the reference, if any, where
the value was found. Reliable estimates of some parameters could not
be found, so estimates were made by the author, using any information
which could be found. The values so estimated are noted. Table C.2
gives the areas of shelter and open space required for each type of
feedlot, per hundred pounds of final animal body weight (26). Table
C.3 shows expected feed consumption and rates of gain for each animal
ration and feedlot combination (4).

Data for field machinery characteristics are shown in Table
C.4 (1,3,6,13). Percent useable days are given in Table C.5 (33,38).
The five time periods given in the table correspond to the dates for
the five subsets of field operations given in Table B.1. Initial
cost of the field machinery was calculated from functions shown in
Table C.6. Table C.6 also contains functions for estimating initial
cost of tower silos for silage and corn (5,37). The cost functions
for field machinery were developed from cost data made available by
a manufacturer (13,35).

The required amount of each input material is shown in Table

C.7 (5,37). The dollar cost of the materials is also given (5,37).
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These values are not of themselves the technical coefficients for
the system, but a number of the coefficients can be derived from the
values. All other energy costs for input materials were set to zero.
The energy requirements determined were strictly those internal to the
system. It was felt that determining the total energy consumption
was outside the scope of this study. Unit dollar costs for the mater-
ials are shown in Table C.7.

To the labor identified by the various parts of the system,
30 percent was added for miscellaneous labor. An additional 1000

hours of administration time was assumed for all systems.

Comparisons
Using the data in Appendix C and the computer program,
discussed previously, analyses of systems were made to determine the
following:
1. The effect of feedlot type on energy cost of beef
2. The effect of ration on energy cost of beef
3. The effect of type of feed storage on energy cost
of beef
4, The effect of waste handling system on energy costs
of beef
5. Breakdown of fassil energy consumption by the field
machinery, farmstead and transportation systems as
influenced by system capacity
6. The effect of animal type on energy cost of beef
7. Breakdown of labor requirements by the field machinery,
transportation and farmstead systems as influenced by

system capacity.
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8. The effect of maximum allowable tractor size on capital
and labor required for the field operations.

9. Breakdown of labor requirements during the year.



7. RESULTS

Fossil energy consuption for systems using tower silos was
found to be strongly influenced by silo height. Dollar cost and con-
sumption of other energies were observed to change rapidly for smaller
(100 to 300 head capacity) systems. For these reasons, and since the
computer was available to make the computations, more systems were
analyzed than had been originally intended.

Systems using tower silos for silage storage were analyzed
at 25 head intervals from 100 to 1000 head capacity. Other systems
were analyzed at 25 head intervals from 100 to 300 head and at 100
head intervals from 400 to 1000 head capacities.

Appendix D, Table D.1, is a set of selected results from the
analyses that were performed by the computer. In addition to the in-
formation in Appendix D, printouts showing component selection, dollar
cost of components and energy consumption by various parts of the
system could be produced, if desired. Appendix B was derived from
such a complete printout. It has been reorganized somewhat to improve
readability. Information of this type was used to find explanations
for differences between systems which were found.

The curves presented in this chapter were developed from the
information in Appendix D or other computer printouts. The curves
showing energy costs for systems were smoothed and plotted on an X-Y

plotter controlled by the computer.
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The curves in the figures are identified by the technology
number, as explained in Chapter 6. In the discussion of the figures,
systems are identified by both the technology number and by some
characteristic feature which distinguishes the system from others be-
ing discussed. This is done to reduce the amount of "decoding"

necessary to understand the figures.

7.1 EFFECT OF FEEDLOT TYPE

The effect of type of feedlot on quantity of beef and the
cost of beef produced were found by analyzing systems which were
similar except for the feedlot. The systems being compared all used
yearlings, one percent concentrates ration, bunker silo storage, and
solid waste handling. The feedlot types were 1) partial shelter with
unpaved lot, 2) partial shelter with paved lot, 3) open and 4)
completely sheltered, corresponding to technology numbers 116, 117,

118 and 119, as shown in Table 6.2.

Capital

Figure 7.1 shows the variation with system capacity of capital
per hundred pounds of weight gain for the four systems. Hundred-weight
of gain was used as the basis of comparison because weight gain accounts
for the variation in productivity between systems. Feed efficiency of
the animals is affected by the type of housing, by the ration and by the
type of animal. Those combinations which cause the animals to gain
weight faster will have greater productivity than other systems of the

same capacity.
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Capital is defined to include all initial investments for
building, land, and equipment plus the annual investment for animals,
fertilizer, chemicals, seed and supplement. Small systems used small
field equipment and small feed storage which tend to have higher in-
itial cost per bushel or per ton of feed handled than larger units.
This higher initial cost is part of the reason for the high capital
per hundred weight of gain shown in Figure 7.1 for the small system.

In addition, certain pieces of equipment must be used for
the system to conform to the specified technology. In some cases,
even the smallest available units are not used to capacity. Equal
capital is required whether or not the machine is used to capacity.

A notable example is the self-propelled combine used to harvest
shelled corn. The capital for this and other pieces of equipment are
spread over greater total weight gain in larger systems. The net
effect of these two factors on capital per hundred-weight of gain is
shown by the shape of the curves in Figure 7.1.

The highest and lowest capital per hundred weight of gain
were required for system 118 (the open feedlot) and system 119 (the
completely covered feedlot), respectively. The partial shelter
systems, numbers 116 and 117, had capital requirements midway between
the other two systems. The differences are due to two factors, total
capital and total hundred-weight of gain. From Table D.1, it can be
seen that even though system 113 had the lowest total capital require-
ment, the low feed efficiency brought about by lack of shelter caused
the hundred-weight of gain to also be the lowest of the four systems.
The total hundred weight of gain was low enough to cause the capital

per hundred-weight of gain to be higher than for the other systems.
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So the differences between systems are affected by the feed efficiency

of the animals, which is a result of housing type.

Local Irregularity

A "local" irregularity in the capital per hundred-weight of
gain curves occurs at 250 or 275 head capacity for all of the systems.
The temporary increase is the result of the addition of equipment to
the field machinery and transportation system. Specifically, system
119 requires 118 horsepower at 250 head capacity. For 275 head, the
power requirement is 130 horsepower which exceeds the present maximum
allowable horsepower. Two tractors (100 hp and 30 hp) are needed.
Both of these cost more per horsepower than the 118 horsepower tractor
used for the 250 head capacity system, which increases the capital per
hundred-weight of gain requirement slightly. Of greater importance,
is the fact that a second forage harvester and an additional silage
wagon are required. The net effect of these factors is to cause a
"bump" on the capital curve at 275 head for system 119.

The "bump" occurs at 250 head for system 118, the open feed-
lot. From Table C.3, it can be seen that each animal in the open
feedlot consumes an average of 1.4 pounds of silage per day more
than it would in the covered feedlot. For the 250 head system an
extra 22.6 tons of silage are required for feeding the animals in the
open feedlot per year. This extra feed production is sufficient to
cause the local increase to occur for the 250 head system with tech-
nology 118 rather than at 275 head for the others.

Irregularities of this type are present throughtout the

results. In all cases they are due to causes like the one previously
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discussed. Unless some particular significance is involved, there

will be no further discussion of the irregularities.

Electrical Energy

Electricity consumption per hundred-weight of gain for the
same four systems is shown in Figure 7.2. A pattern similar to the
capital requirements is exhibited, with high per unit consumption in
small systems. Electricity cost is small when compared to other
costs in the system. For example, Table B.16 shows that the electri-
city cost for the example system is only 23 cents per head.

Reduction in consumption with an increase in system capacity
is due to the lighting energy being spread over more animals. The
lights specified were large units, and were assumed to be adequate to
light one acre of feedlot. One light was required for each complete
acre or fraction of an acre. Other electricity consumption for water
pumping and feed handling is directly related to the amount of each
material used. Differences in energy consumption between systems
shown in Figure 7.2, result from the higher feed efficiency of the

animals in the sheltered systems.

Fossil Energy

Fossil energy consumption per hundred-weight of gain for the
four systems is shown in Figure 7.3. Fossil energy is consumed for the
field operations, in the feedlot and for transportation. Variation
in energy consumption with system capacity is mostly attributable to
transportation. Figure 7.4 shows a breakdown of fossil energy con-
sumption by the three parts of system 119 as an example. Fossil

energy consumption per hundred-weight of gain in the feedlot is a small
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percentage of the total and is nearly constant. Fossil energy per
hundred-weight of gain for field operations is independent of capacity.
Transport energy increases monotonically, but at an ever decreasing
rate, because the required fractional increase in average transport
distance is smaller than the fractional increase in system capacity.
For the technology shown, the smaller system requires about 10 percent
of total fossil energy consumption for transportation. For the
largest system, the transportation system requires about 18 percent
of the total. Differences in fossil energy consumption between the
systems is attributable to differences in feed efficiency as has been

explained.

Labor

Labor per hundred weight of gain required for the system
is shown in Figure 7.5. Labor requirements, similar for the four
systems, were again lowest for the fully sheltered and highest for
the open systems primarily because of the feed efficiency of the
animals in the systems.

The shape of the labor requirement curves results from the
use of labor by various parts of the systems, as shown in Figure 7.6.
For systems with low capacity, the administration time per hundred-
weight of gain is high, since total administration time is constant
(1000 hrs) for all systems. Field crop production labor per hundred-
weight of gain is high for small systems because small machines are
used which tend to spread machine use over the allowable subset time

(see discussion in Chapter 2).
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At the upper end of the capacity range, feedlot and trans-
port labor per hundred-weight of gain increases fast enough to more
than counteract the decrease in administrative and field labor.
Total labor, the sum of the three parts, increases after reaching
a minimum as shown in Figure 7.6.

Use of larger capacity feedlot equipment or higher trans-
port speeds shifts the minimum toward the larger systems. All systems,
however, eventually show the increased labor requirement as capacity

is increased.

Land

Land requirements are shown in Table 7.1 for all of the
systems to be discussed in this chapter. For the four systems being
evaluated in this section, the open lot required the most land. The
partial shelter system required 91.9 percent as much land as the
open lot and the completely sheltered system required 90.4 percent

as much.

Dollar Cost

Dollar cost per hundred-weight of gain is shown in Figure
7.7. System 119, with the covered lot is the most economical for all
system sizes and system 118, the open lot, has the highest cost. The
dollar cost difference between the two systems ranges from $2.66 per
hundred-weight of gain for 100 head capacity systems to $1.63 per
hundred-weight of gain for the 1000 head system. Cost per hundred-
weight of gain for the partial shelter systems falls about half way

between the other two systems.
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Table 7.1. Land Requirements for 1000 Head Capacity Systems

SYSTEM
IDENTIFICATION LAND MEAT LAND/ cwt PERCENT OF
NUMBER (acres) (cwt gain) (acres/cwt gain) MAXIMUM
55 746 7482 .0997 73.3
91 801 7482 .107 78.7
95 839 7482 .112 82.4
103 1051 8577 .123 90.4
115 1022 8577 .119 87.5
116 1051 8395 .125 91.9
117 1051 8395 «125 91.9
118 1069 7847 .136 100.0

119 1051 8577 .123 90.4



86

Joog JO 3S0) aeToQ uo adAy 3JoTpedi Jo 3I99FFH L*L @an311
(peay) ALIOVAVO 101dddd
0001 00T
v v v - —r T — ~ ~ v
611
L1911
811

07001

0°0€T

(ureS 3md/4) IS0D VANV



87

7.2 EFFECT OF RATION AND FEED STORAGE

Four systems were selected to illustrate the effect of

ration and feed storage on energy costs and system productivity.

The systems used solid waste handling, yearlings and the completely

covered feedlot.

system are:

91 - all silage - tower silos
95 - all silage - bunker silo
115 - corn and silage - tower silos
119 - corn and silage - bunker silo

Ration and storage type for the silage for each

The shelled corn for systems 115 and 119 is as usual, stored in sealed

tower silos.

Shape of the energy curves results from the same factors

as discussed in section 7.1. So, for simplicity, only differences be-

tween systems are discussed.

Also, mention of an energy can be taken

to mean energy per hundred weight of gain unless otherwise specified.

Capital

Capital requirements are shown in Figure 7.8. Systems 95

and 119, using bunker silos, require less capital than the two systems

using tower silos.

For the systems using tower silos, system 91, with the all

silage ration, requires less capital than system 115 if the capacity

is smaller than 400 head.

and the all silage system requires more capital.

Above 400 head, the situation is reversed

The all silage sys-

tem has lower capital requirements for all sizes when bunker silos

are used.







88

sjuswaatnboy Te3TdE) UO Swe3lsAg o8ei03§ pooJ puB UOTIBY JO FO9IFW ‘gL 2andTg
(Pe2y) ALIOVAVO 10TQEAL
0001 001
— ~ ~ - v
4 0°0ST
S6
611
S1T ] M
16 =l
] B
~
>
<
B
k]
&
Ll
=
4
4 g
4 o-oze







89
Land
Land requirements are given in Table 7.1. The all silage
system required less land than the systems using the mixed ration.
Bunker silo systems, for both rations, required more land than tower
silo systems to compensate for the higher rate of spoilage in bunker

silos.

Electrical Energy

The systems using tower silos require more electric energy
than the bunker silo systems, as shown in Figure 7.9, because of the
extra load for the silo unloaders. Where bunker silos were used, the
electrical energy consumption was higher for system 115, with the
mixed ration. This was expected because of the energy needed for
unloading and grinding corn. However, when tower silos are used,
the electrical energy for handling the all silage ration is higher
than for the mixed ration because of the greater quantity of material

handled.

Fossil Energy

Fossil fuel consumption is shown in Figure 7.10. Systems
119 and 95 with bunker silos require less fossil energy than the tower
silo systems. The packing operation consumes less energy than blowing
silage into tower silos (the difference depends on silo height) but
part of the advantage is lost in the energy expended to produce and
transport the extra silage needed to compensate for higher bunker
silo losses.

The mixed ration requires more energy than the all silage

ration because the corn must be elevated into the silo. When tower
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silos are used for silage, the mixed ration requires less energy in
general. Although, as can be seen in Figure 7.10, the energy for a
system of a given size is highly size specific, the greater weight of
the all silage ration causes the energy required for system 91 to

exceed that for system 115 for most capacities.

Labor

The plots of labor requirement, shown in Figure 7.11, show
that, for small systems, the corn and silage ration requires more
labor and for systems larger than about 250 head capacity, the all
silage system requires more labor.

The high labor requirement for the large all silage systems
results from two factors. More labor is required in the field to
complete the harvest and more transport labor is consumed. The all
silage system requires more loads of silage than total loads of both

feeds when the mixed ration is used.

Dollar Costs

Dollar cost of beef production, shown in Figure 7.12 is
lower for systems using bunker silos than for systems using tower
silpog for all capacities evaluated. The mixed ration has a lower
cost than the all silage ration for most sizes. However, for tower
silo systems, smaller than 200 head capacity and bunker silo systems

smaller than 400 head, the all silage ration has a lower cost.

7.3 EFFECT OF WASTE HANDLING SYSTEM
System 103 and 119 were compared to evaluate the effect

that the method of waste handling has on energy costs. System 103 is
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the same as 119 except that a liquid waste handling system is sub-

stituted for the solid waste handling system.

Capital

Capital requirements, shown in Figure 7.13, are higher for
the liquid system. The liquid tank, slotted floor and liquid manure
pump are capital expenditures needed by a liquid system that are not
required for a solid system. Also, since more liquid material is
moved, extra spreaders may be required for some systems.

The systems have equal electricity requirements as shown
in Figure 7.14. It is assumed that the liquid manure pump is powered

by the feedlot tractor.

Fossil Fuel

The fossil fuel requirements, shown in Figure 7.15, are
higher for the liquid system. The additional liquid material which
must be hauled requires more fossil energy for loading and trans-

porting.

Labor

Labor required for the liquid system, shown in Figure 7.16,
is higher than for the solid system because of the greater transport
effort needed for the liquid. The irregularity in the labor curve at
275 head capacity occurs because of a change in the field machinery

system and is not related to the waste handling system.
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Dollar Cost
Dollar cost for producing beef is higher when the liquid
manure system is used. The dollar cost reflects the greater capital,
labor and fossil fuel requirements for the liquid system. Costs for

the systems are plotted in Figure Figure 7.17.

7.4 EFFECT OF ANIMAL TYPE

To evaluate the effect of animal type on the cost of beef,
systems 55 and 119 were compared. The systems were alike except for
the type of animal used. System 55 used calves and system 119 used
yearlings. The results of the comparisons are shown in Figures 7.18
through 7.23.

Capital required per hundred pounds of weight gain is shown
in Figure 7.18. On this basis, and using the definition of capital
which included the cost of the feeders as previously discussed, the
calves have a much lower capital requirement. However, Figure 7.18
does not reflect the difference in turnover rate between the two sys-
tems. The calves, in system 55, are finished in 294.3 days while the
yearlings, in system 119, require only 170.6 days. Using the prices
for feeders presented previously, the total annual capital required
for yearling feeders is $690.15 per head of feedlot capacity. For
calves, the capital requirement for feeders is $273.42 per head of
capacity. The amounts of weight gain produced by the systems are
856 and 744 pounds per head of capacity for the yearling and calf
systems, respectively. Thus, the capital required per hundred-
weight of gain to put feeder cattle in the lot is $8.06 and $3.68,
respectively, for the yearlings and calves. Of the difference shown in

Figure 7.18, $4.38 is due to the capital required for the feeders
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The calf system requires considerably less capital than the
yearling system, primarily because of the difference in land required
for the two systems. From Table 7.1, system 55 requires only 81.05
percent as much land as system 119. As a result, system 55, using
calves, requires less capital for land and crop production equipment.

The calf system also required less electrical and fossil
energy than the yearling system, as shown in Figure 7.19 and 7.20.
Labor requirements, shown in Figure 7.21, were lower when yearlings
were used for capacities up to about 450 head. Systems with capacity
in excess of 450 head required less labor per hundred pounds of weight
gain when calves were used.

Dollar cost per hundred-weight of gain is shown in Figure
7.22. The cost per hundred-weight of gain is about $50 lower when
calves are used. However, as discussed in the section on capital,
the dollar cost per hundred weight of gain includes the cost of the
animals but does not account for the original weight of the animals
passing out of the system. Figure 7.23 makes the allowance by show-
ing the dollar cost per hundred-weight of the output animal.

The cost per hundred pounds of body weight is generally
lower for calves than for yearlings. For a capacity of 100 head, the
yearlings cost less to produce, because the annual cost of equipment
such as the combine and feed storages are spread over more total

body weight.

7.5 EFFECT OF ALLOWABLE TRACTOR HORSEPOWER
Maximum allowable tractor horsepower is used to determine

the number of tractors needed to power a particular system. The
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number of tractors, in turn, affects the number and size of each field
machine needed, and the capital required. The number and size of
tractors also affects the labor required to operate the system (Chap-
ter 3).

The influence of maximum allowable tractor size on capital
and labor required for the field machinery system are shown in Figures
7.24 and 7.25, respectively. Both labor and capital requirements are
increased when tractor horsepower is restricted. Capital requirements
are lower when large tractors can be used because of the lower cost
per housepower for the large tractors and because fewer pieces of
machinery are needed. The difference in capital required becomes
larger as more horsepower is needed, as shown in Figure 7.24.

The labor requirements for each tractor size, shown in
Figure 7.25, increases sharply when an additional tractor is added to
the system. For example, a change from one to two tractors takes place
between 200 and 300 head capacity when 120 horsepower tractors are used.
From 300 to 500 head, two tractors are sufficient and a much slower in-
crease in field labor requirements is exhibited.

Fossil energy and land requirements remain constant regardless
of tractor size. Since there is no electrical energy consumption,
the dollar cost for operating the field machinery system depends only
on the amount of capital and labor required. Both capital and labor
increase when maximum allowable tractor size is limited. Consequently,
using small tractors where large tractors could otherwise be employed
will increase the dollar cost for operating the crop production mach-

inery.
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7.6 DISTRIBUTION OF LABOR REQUIREMENTS DURING THE YEAR

Labor requirements, which reflect the work schedule, vary
throughout the year. Labor requirements for selected periods of the
year are shown in Table 7.2 for an example system of 500 head cap-
acity using technology 119. From Table 7.1, it can be seen that times
exist during the year when the only work scheduled is feeding the
animals, which requires an average of 3.53 hours per day. Peak
labor requirements occur during the harvest season. During silage
harvest, an average of 43.28 man-hours per day are needed. Average
labor requirement for harvesting corn is lower at 17.38 man hours per
day.

The peak labor requirements are higher than the averages
given in Table 7.2. Some days are unuseable because of tractability
conditions, but were included when the average hours of labor per
day was calculated. An estimate of peak labor use can be found by
dividing the sum of field and transport time by the percent useable
days, and adding the time required for feeding the cattle. However,
the estimated peak labor requirement may be in error because the time
required to feed the cattle actually depends on the age of the cattle.
Only the average feeding time has been used in this study.

The labor requirements shown in Table 7.2 include an allow-
ance for scheduling efficiency and miscellaneous operations but do nof
include administration time. It would seem logical to expect the
Operator to carry out administrative activities when other labor
requirements are low. A total of 195 days during the year require
only 3.53 hours of labor. Using the remaining 6.47 hours of a ten

hour day, a total of 1261.55 hours are available. Of course, some
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administrative activity has to be carried on while other operations

are being conducted, so it can not all be done during the slack days.



8. CONCLUSIONS

In the course of conducting the study and preparing this

report, the following items have been accomplished:

1.

The following

1.

A model of a single enterprise beef production system
has been developed. The model determines the identifi-
able material flows in the system and the energy cost
of beef produced by the system.

Subsystem models were developed for field crop pro-
duction, transportation, and farmstead operation which
determine the structures and equipment required and

the processing energies for the system.

The effect of type of feedlot, feed storage, ration,
waste handling and animal on energy cost of beef
production was evaluated.

conclusions were reached:

The components of the beef system (Figure 2.10) are
not independent. The transportation system, in par-
ticular, depends on other parts of the system. The
number of wagons, for example, depends on the number
of field choppers in use, which is determined independ-
ently. The farmstead tractors used for operating
blowers and packing silage are selected in conjunction

with the transport system design. Amalgamation of the

115
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farmstead and the transportation as a single component

can be considered to be independent, as well as crop

production, if it is assumed that equipment does not
perform operations for both systems. All equipment

must be assigned to a single component.

Technology can affect the energy cost of beef produced

by a system of a particular capacity. In particular,

the following items were shown.

a. Labor requirements per hundred pounds of weight gain
increases for the transport and feedlot components
as capacity increases. Total labor requirements per
hundred-weight of gain tend to reach a minimum and
then increase as system capacity is increased.

The system capacity at which the increase is in-
itiated depends on acreage of the farm and the cap-
acity of the transport and feeding equipment.

b. Transport fossil energy per hundred-weight of gain
increases at a decreasing rate as capacity increases
because the fractional increase in average travel
distance is smaller than the fractional increase in
capacity. Feeding energy per hundred-weight of gain
increases at an increasing rate because of the higher
proportion of unloaded travel in the larger feedlots.
However, the feedlot fossil energy consumption is
small when compared to that used for field operations

and transport. Fossil energy consumption per hundred-
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weight of gain is constant with capacity for the
field operations.
Land required per hundred-weight of gain is constant
with capacity for a particular technology.
Electrical energy consumed per hundred pounds of
weight gain decreases as system capacity increases.
However, electrical energy consumption is small and
the cost is small when compared to other energy costs.
Capital required per hundred-weight of gain decreases
with increasing system capacity up to about 500 head
capacity. Larger systems have nearly constant cap-
ital requirements per hundred-weight of gain.
Dollar cost per hundred-weight of gain decreases with
increased system capacity for systems smaller than
about 500 head capacity. For larger systems the
dollar cost of a hundred pounds of gain is nearly
constant.
If other p#rts of the system are similar, cattle
produced in a completely covered feedlot require less
capital, fossil energy, electrical energy, land and
labor per hundred-weight of gain than animals held
in open or partially sheltered feedlots. The dollar
cost per hundred-weight of gain is also lower for
the animals held in the covered feedlot.
If the technologies used in other parts of the
system are the same, the capital, labor, fossil

energy and dollar cost per hundred-weight of gain are



118
higher when a liquid waste handling system is used
than when the "conventional" solid system is used.
Waste handling tgchnology does not affect the re-
quirements for electrical energy and land.
A system of a given capacity, using an all silage
ration, rather than a mixed corn and silage ration
requires less capital, land, electrical energy and
fossil energy per hundred-weight of gain if the
systems are otherwise equivalent. For large systems,
more labor is required per hundred-weight of gain
when the all silage ration is used.
When a bunker silo is used, rather than tower silos
in otherwise equivalent systems, the energy costs pér
hundred-weight of gain are lower except for land and
labor. Labor is higher for all silage systems with
capacity greater than about 250 head. Land cost is
higher for the all silage system because of the higher
storage loss.
Use of calves, rather than yearlings, in otherwise
equivalent systems, reduces the energy costs per
pound of total body weight of the animals produced by
the system.
Limiting the horsepower of the tractors used for the
field work increases the capital and labor required
for a system of a particular capacity.
Peak labor use for beef production occurs during the

silage harvest season.



ing five ways.

ed:

9. SUGGESTIONS FOR FURTHER STUDY

It is recommended that this study be expanded in the follow-

1.

Include pecuniary economics of scale such as expressing
the cost of input materials as a function of the quantity
purchased.

Include an evaluation of carcass quality in addition to
the quantity of meat produced by each system.

Expand the set of technologies for evaluation by includ-
ing other feed production systems, waste handling tech- .
niques, animal type, rations and transport methodg.
Include energy costs other than dollar cost for the in-
put materials.

Allow substitution of custom operations as an alterna-

tive to ownership pof certain pieces of equipment.

It is also recommended that the following studies be initiat-

Modify the existing model, or develop a new model, to
deal with a multiple enterprise farm.

Modify the existing model, or develop a new model, to
deal with the dynamics of adjustment to changes in

capacity or technology of an operating system.

119
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Model other agricultural operations such as poultry,
swine, dairy, cash grain, fruit and vegetable production
to find the energy costs. Then use these models, to-
gether with the beef model and models of manufacturing
and business enterprises of various types and sizes to
cause the consumption of energy throughout the year to
have a desired characteristic in a particular region.
Develop procedures to guide the design of systems to
optimize the consumption of each type of energy accord-

ing to a utility function.

Various phases of this study were limited by the unavail-

ability of data. The following areas where either more data or data

of a different type are needed are suggested for further study.

1.

More information is needed about the costs of components,
both initial cost and operating costs. The initial costs
should be expressed as functions of the size, dimensions
or capacity of the component or given as a breakdown for
the parts of the component. For example, catt]le shelter
costs could be given as a cost per foot of side wall

plus the cost per square foot of roof as a function of
the building width. The costs of feed storage structures
were functionalized in this study. However, the cost
function for sealed tower silos used for storing corn was
based on very limited data. More sealed tower silo
prices, over a wide range of heights and diameters are

needed to improve this function. Similar comments could
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be made about several other functions which were de-
veloped for and used in the study.
The data on energy consumption in the farmstead opera-
tions, available at this time, is inadequate. Areas
which need further work include 1) packing a bunker
silo as influenced by silo dimensions and rate of fill-
ing, 2) scraping the feedlot, 3) loading manure with
a front end loader, 4) loading liquid manure with a
pump, 5) unloading a bunker silo with a front end
loader, and 6) operating self-unloading forage wagons
and mixer-feeder wagons.
The capacity of material handling equipment, such as
front end loaders, is needed. The capacity should be
expressed as a function of power input and material
being handled.
The rate of packing silage in a bunker silo as a func-
tion of silo dimensions, rate of filling and packing
tractor horsepower and weight is needed.
The influence of crop production technology on yield of
corn and silage is needed so that additional crop pro-

duction systems can be evaluated.
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Table A.1. Material Flow Units

FLOW UNITS OF MATERIAL FLOW
Y01 Bushels of shelled corn per year
Y11 Pounds of nitrogen per year¥*
Y21 Pounds of phosphorus per year
Y31 Pounds of potassium per year
YI‘1 Bushels of shelled corn seed per year
Y51 Units of chemicals applied per year¥¥*
Y61 Acrefeet of water per year
Y02 Tons of silage per year
le Pounds of nitrogen per year
Y22 Pounds of phosphorus per year
32 Pounds of potassium per year
Y42 Bushels of silage corn seed per year
Y52 Units of chemicals applied per year¥*
Y62 Acrefeet of water per year
Y72 Pounds of protien supplement per year
Y03 Units of ration per year¥*
Y13 Bushels of shelled corn per year
Y23 Tons of silage per year
YOA Pounds of finished beef per year
YM Pounds of nitrogen per year
YzA Pounds of phosphorus per year
Y3[+ Pounds of potassium per year
YM; Pounds of waste per year
Y, Units of ration per year
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Table A.1. (cont'd.)

Y64 Gallons of water per year
Y74 Number of animals per year
Y05 Pounds of waste per year
Y15 Pounds of waste per year
Y25 Pounds of waste per year
Y06 Pounds of potassium per year
Y16 Pounds of potassium per year
Y26 Pounds of potassium per year
Y07 Pounds of phosphorus per year
Y17 Pounds of phosphorus per year
Y27 Pounds of phosphorus per year
Y08 Pounds of nitrogen per year
Y18 Pounds of nitrogen per year
Y28 Pounds of nitrogen per year
YON Pounds of commercial nitrogen fertilizer per year
YOP Pounds of commercial phosphorus fertilizer per year
YOK Pounds of commercial potassium fertilizer per year
Y1T Pounds of waste material per year
Y2T Bushels of shelled corn per year
Y3T Tons of silage per year
% All plant nutrient flows are expressed as equivalent to the
commercial fertilizer.
*% Units of chemicals and units of ration are defined below

Table B.15.
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Table A.2. Technical Coefficients

TECHNICAL

COEFFICIENT UNITS
Kll Pounds of nitrogen/bushel of shelled corn
K21 Pounds of phosphorus/bushel of shelled corn
1(31 Pounds of potassium/bushel of shelled corn
1(41 Bushels of seed/bushel of shelled corn
l(51 Units of chemicals*/bushel of shelled corn
K61 Acrefeet of water/bushel of shelled corn
Ky Pounds of nitrogen/ton of silage
K22 Pounds of phosphorus/ton of silage
](32 Pounds of potassium/ton of silage
K[‘2 Bushels of seed/ton of silage
KSZ Units of chemicals/ton of silage
K62 Acrefeet of water/ton of silage
K72 Pounds of supplement/ton of silage
K13 Bushels of corn/unit of ration*
K,y Tons of silage/unit of ration
Kig Pounds of Nitrogen/pound of finished beef
](24 Pounds of phosphorus/pound of finished beef
K34 Pounds of potassium/pound of finished beef
L Pounds of waste/pound of finished beef
K54 Units of ration/pound of finished beef
K6l+ Gallons of water/pound of finished beef
K Feeder animals/pound of finished beef

74
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Table A.2. (cont'd.)

K15 Pounds waste/pound waste

K25 Pounds waste/pound waste

K16 Pounds nitrogen/pound nitrogen
Kz6 Pounds nitrogen/pound nitrogen
K17 Pounds phosphorus/pound phosphorus
K27 Pounds phosphorus/pound phosphorus
K18 Pounds potassium/pound potassium
K28 Pounds potassium/pound potassium

* Units of chemicals and units of ration are defined below
Table B.15.
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Table B.1. Power Requirement Analysis for Field Operations
OPERATION ENERGY HOURS HORSEPOWER ACRES
Subset 1 04/17-05/30 38.5 Percent Usable Days
Plow 9240.0 66.7 138.4 349.9
Disk 3208.6 23.1 138.4 525.0
Harrow 1925.1 13.9 138.4 525.0
Plant 2843.3 20.5 138.4 525.0
TOTAL 17217.2 124.3
Subset 2 06/05-06/24 70.6 Percent Usable Days
Cultivate 1443.8 87.5 16.4 525.0
TOTAL 1443.8 87.5
Subset 3 09/01-09/24 62.9 Percent Useable Days
Chop Silage 19860.4 112.4 176.6 314.2
TOTAL 19860.4 112.4
Subset 4 09/25-10/24 66.4 Percent Usable Days
Combine Corn 9367.1 146.9 63.7 211.3
TOTAL 9367.1 146.9
Subset 5 10/25-12/14 15.2 Percent Usable Days
Chop Stalks 2535.7 20.2 125.2 211.3
Plow 4620.0 36.8 125.2 174.9
TOTAL 7155.7 57.1

TOTAL ENERGY = 55044 .4

TOTAL HORSEPOWER WHICH MUST BE PURCHASED = 236
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Table B.2. Allocation of Tractor Energy to Subsets

AVAILABLE

ALLOCATED TRACTOR

HORSEPOWER ENERGY ENERGY

SET TRACTOR (hp) (hp-hr) TIME (hp-hr)
1 1 120 11191.94 124.3 11191.94
1 1 116 6025.25 79.1 10814.10
2 1 120 0.00 0.0 7875.00
2 2 116 1443.89 16.5 7612.50
3 1 120 10120.94 112.4 10120.94
3 2 116 9739.54 111.9 9778.80
5 1 120 5142.05 57.1 5141.9Q
5 2 116 2013.70 23.1 4967.70



128

90T 0°8 e 1°82 9L L°€T0T #mo1d 911 S
9°01 0°8 e 6°8C L°86 27909 #mo1d ozt S
0°sT 0°€l (57 1°82 € 11¢ L*SEST doyp NTEIS ozt S
0°s 0°S €1 6°111 0°%ST S'6EL6 doyp 911 €
0§ 0°S 1 %211 1°091 6°02T01 douyp ozt €
0°02 0°02 9°1¢ S$91 0°62S 8 EL ?3IBATITND 911 z
0°0€ 0°0€ 09T ) A4 0°62s € EV8T uerq 911 1
0°0¢ 0°0€ LT€T 1°2C 0°62s 176261 #ox1eH 911 1
0°0¢ 0°ce (211 'yl 9°60¢ L79s21 ASTA 911 1
0°0€ 0°€T L9t 9°12 € 61¢ 6°156T AsTa (49 1
9°01 0°8 b A = 9201 6°6%¢ 0°0%26 mo1g 0zt 1
HIAIM HIAIM ALIOVAYD HWIL SHIOV A9¥ANT NOILV¥dd0 YIMOd ISYOH 13s4ns
WAWIXVH WAWINIW a1d1d J0IOVIL

9INpayds SUTYOEN Pue I03deAL ‘¢°d 9IqEL



0°sT 0°€l L°S€ST 1°82 €112 01 sy1e3s doyd
0°s 0°s S*6EL6 6°T11 0° %1 0z e8e11s doyd
0°S 0°S 6°02101 LARANS 1°091 01 @8e11s doup
0°02 0°0C 8 €yl (31 0°62S 01 °3eATaTND
0°0€ 0°0€ € €482 9°2€ 6°92S 0'1 Jueld
a 0°0€ 0°0€ 1°6261 122 0°52S 01 moxIRH
0°0¢ 0°€Z 9°802€ 1°9¢ 0°52S 01 ssTa
9°01 08 6°6S8ET L*HST 6°42S 01 #o1g
33) (33) (2y-dy) (say) STIOY YIERON [uTYIER
YV TIVRS X9¥ANT HAIL ANTHOVW
HONVS 3ZIS ANTHOVW ANTHO YW ANTHO VW

oS SUTYOER Tenuuy ‘H°g STqEL



130

98°0%1¢ 0¢°L101 [TAREAS 00°0 [49%:14% %2°S19  €0°6%01 8%°90%91 STVIOL
LE°8ET 1€°19 9221 00°0 S§9°0€ 8%°LS %9°9L 0°02 €6°2€ST 0°€l sy1eas doy
€6°6LS S6°TL1 %0°€T 00°0 65°LS 66°L0T %6°%1Z €°€1  00°088C 0°S °8e11s doyp
8T°LLS €L°2L1 %0°€T 00°0 65°LS 66°L0T T6°G1Z¢ €°€l 0070882 0°S °8e11s doyd
98°LS¢ 06°LL 9%l 00°0 91°1¢ 29°8S 06°LL 0°0C  L0°8SST 0°0C 23BATITND
26 18¢ 92°611 %°81 00°0 0T 9% %°98 92°6IT  0°0T GT°S0€T 0°0¢ Juelq
6L°%2T G8°9L ¢ 01 0070 19°s¢ €0°8% 70°%9 0°0C  /8°08C1 0°0¢€ Moxxey
62 €1y 62" THT €8°81 00°0 60°LY 1€°88 YLt LTT 0°0C €6°%S€ET 0°€zT ASTA
0z 2Ly 68°661 T6°21 00°0 8¢°T¢ €5°09 LS°99T 9°6 6€° %191 0°8 Mo1d
(24/$) (24/%) (2478)  (247%5)  (24/%) (ak/8)  (a4/8) (1K) ($) HIQIM ANTHO YR
1S0D I0L Lttt SNI XVL YIALTIHS YIINI omidaa FAIT LS00

TYNNNY TVONNY TVONNY TVNNNY TVANNY TVOANNY TVANNY A4ES TVILINI

$3s0) Aasuryoel wiaeg Jo Aremung ‘G°'g IqeL



131

Table B.6. Energy Costs for the Field

Machinery System

Capital outlay for the system

Annual

Annual

Annual

Annual

Annual

Annual

Annual

depreciation

interest on machinery
shelter cost totals

tax charge totals
insurance charge totals
repair charges total

operating costs total

Labor use by the system totals

Fossil

Energy input to the soil totals

fuel consumption totals

51647.99
2811.10
1936.79
1032.95

0.00
407.95
3131.69
9320.52
778.65
5304.44

55044 .48

dollars
$/year
$/year
$/year
$/year
$/year
$/year
$/year
hrs/year
gal/year

hp-hr/year
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Table B.7 Parameters for Feedlot Design

Feedlot Type 4
Feedlot Capacity 500
Finished Weight 1150.
Shelter/100 1bs 2.0
Lot Area/100 1bs. 0.0
Bunk (in/hd) 9.0
Waterers (hd per) 75
Head per Pen 150
Extra Gates 2
Apron Width 0.0

Table B.8. Report of Feeding Component Selection

COMPONENT DIMENSIONS UNIT COST TOTAL COST
Shelter Area 375.0 x 30.6 1.60 18400.00
Lot Area 375.0 x 0.0 0.01 0.00
Feed Bunk 375.00 7.5 2812.50
Fence 597.00 2.00 1194.00
Waterers 7 300.00 2100.00
Gates 6 65.00 390.00

Concrete 0.00 0,65 0.00
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Table B.9. Report on the Feed Storage System for a Beef Feedlot

Feedlot Capacity 500
Annual Feedlot Volume 1072.1
Average Pounds Corn/Head/Day 8.20
Average Pounds Silage/Head/Day 47.70
Feed Storage System Type 2

Moist Corn Storage System

Total Bushels Stored Per Year 22137.57
Sealed Tower Silo Diameter 23
Number of Units 1
Silo Height Cost

1. 80. 24931.43

Total Cost 24931.43
Cost of Corn Unloaders 3680.00
Horsepower of Corn Unloaders 5.00
Corn Storage System Cost 28611.43

Corn Silage Storage in Bunker Silo

Total Tons Stored 4787.88
Bunker Silo Depth 14.0
Bunker Silo Width 90.0
Bunker Silo Length 189.9
Cost of Bunker Silo 21754 .48
Silage Storage Cost 21754.48

Table B.10. Acreage Determination

Corn Bushels Stored 22137.5
Silage Tons Stored 4787.8
Corn Yield Per Acre 110.0
Silage Yield Per Acre 16.0
Corn Acres Grown 211.3
Silage Acres Grown 314.2
Total Crop Acres 525.5

Average Haul Distance 3362.6
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Table B.11l. Report on Feeding and Waste Handling

Waste System Type 1
Quantity of Liquid Waste (1b) 5985000.80

Quantity of Solid Waste (1b) 0.00
Liquid Tank
Tank Depth (ft) 8.58
Tank Width (ft) 30.00
Tank Length (ft) 375.00
Tank Cost $56584.10
Number of Loads 599
Number of Liquid Spreaders 4
Number of Solid Spreaders 0
Cost of Spreaders $9200.00
Total Hours of Labor Per Year 295.76
Number of Pumps A
Pump Cost $2000.00
Number of Loaders 0
Cost of Loader 0.00
Time Breakdown Per Load (hr)
Loading 0.03
Loaded Travel 0.17
Unloading Time 0.10
Return Travel 0.10
Total Time Per Load 0.14
Report on Feeding Time
Feed Storage System 2
Corn Unloading Time (hr) 0.30
Silage Unloading Time (hr) 0.79
Total Unloading Time (hr) 1.09
Daily Loads of Feed 3.99
Feeding Time (hr) 0.07
Travel Time (hr) 0.23
Total Daily Feeding Time (hr) 2.71
Feed Wagon Cost $1960.00

Total Annual Feeding Time (hr) 992.55
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Table B.12. Report of Fossil Energy Consumption in a Farmstead

Total Tons of Silage 4787.8
Total Bushels of Corn 22137.5
Total Silage Acres 314.2
Total Corn Acres 211.3
Average Length of Haul 3382.6
Quantity of Solid Waste 0.0
Quantity of Liquid Waste 5985000.8

Breakdown of Fossil Energy Consumption in Horsepower Hours

Silage Transport 5655.6
Corn Transport 852.2
Unloading Forage Wagons 239.3
Blow Corn Into Silo 1795.7
Blow Silage into Silos 0.0
Pack Silage in Bunker Silo 1915.1
Unload Bunker Silo 957.5
Load Solid Waste 0.0
Unload Solid Waste 0.0
Transport Solid Waste 0.0
Load Liquid Waste 598.4
Transport Liquid Waste 3772.9
Unload Liquid Waste 149.6
Fence Line Feeding 625.8
Total Fossil Energy 16562.7

Table B.13. Electrical Energy Use

Daily Gallons Water 5937.50
Pumping Energy 4334.37
Night Light Watts 400.00
Lighting Energy 960.00
Corn Unloading Energy 1870.62
Corn Grinding Energy 3741.24
Silage Unloading Energy 0.00

Total Electrical Energy 10906.25
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Table B.14. Silage and Corn Transport and Feedlot Tractor Size

SILAGE
Silage Load (1b)
Empty Wagon Weight (1b)
Average Distance Hauled (ft)
Loaded Speed (ft/hr)
Transport Tractor Horsepower
Breakdown of Transport Time Per Load (hr)
Time to Haul Load
Unloading Time
Return Time
Hitching Time
Total Time Per Load (hr)
Wagons Needed
Transport Labor (hr)
Packing Labor Time (hr)
Total Silage Labor (hr)
Total Cost of Wagons
Transport Tractor Cost
Packing Tractor Cost
Blowers Needed
Blower Total Cost
Blower Tractors Needed
Blower Tractor Horsepower
Blower Tractor Cost
Total Cost

CORN
Corn Load (1b)
Empty Wagon Weight (1b)
Loaded Speed (ft/hr)
Breakdown of Transport Time Per Load (hr)
Time to Haul Load
Unloading Time
Return Time
Hitching Time
Total Time Per Load
Wagons Needed
Transport Labor (hr)
Total Cost of Wagons

14000.00
2680.00
3382.60

14244.60

40.00

0.23
0.17
0.10
0.08
0.60

6
529.10
112.40
641.60
$10350.00
$ 4000.00
$ 7381.10

1

$ 712.00
1

0.00
0.00
$21731.10

9000.00
1500.00
22628.57

0.14
0.07
0.10
0.08
0.41
1

172.80

$ 900.00
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Table B.15. (cont'd.)

¥(0,7) = 17,337.151 1b/yr

Y(2,7) = 6,102.68 1b/yr

Y(1,7) = 11,234.47 1b/yr

Y(0,8) = 69,348.602 1b/yr

Y (2,8) = 45,770.08 1b/yr

Y(1,8) = 23,578.52 1b/yr

Y(0,N) = 26,761.07 1b/yr 1204.25 0.045/1b
Y(0,P) = 10,712.72 1b/yr 2206.82 0.206/1b
Y(0,K) = 26,370.40 1b/yr 1582,22 0.060/1b

(1) Unit for herbicide is the yearly application per acre = 2 quarts
Lasso, 1.5 pounds Atrazine, and 2.5 pounds Sevin, an insecticide.

(2) Units for ration are the total ration consumed by one animal in
one cycle through the feedlot.
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Table B.16. Energy Costs for a Complete System

TOTALS FOR RATION PER YR PER HD
Cost for Input Materials $ 20929.80 $ 19.52
Cost for Electric Power 0.00 0.00
Cost for Fossil Fuels 1210.97 1.12
Cost for Labor 4536.74 4.23
Taxes on Labor 585.57 0.54
Taxes on Capital 866.24 0.80
Insurance 407.95 0.38
Depreciation 2811.10 2.62
Interest on Capital 26367.03 24.59
Repairs 4164.65 3.88
Total Yearly Cost $ 61080.09 $ 57.71

TOTALS FOR FEEDLOT

Cost for Input Materials $ 407660.47 $ 380.21
Cost for Electric Power 249.38 0.23"7
Cost for Fossil Fuels 364.38 0.337
Cost for Labor 9701.19 9.04
Taxes on Labor 1252.17 1.16
Taxes on Capital 377.02 0.35
Insurance 336.98 0.31
Depreciation 11232.91 10.47
Interest on Capital 28943.44 26.99
Repairs 5054 .80 4.71
Total Yearly Cost $ 465172.47 $ 433.85

TOTALS FOR OPERATION

Cost for input Materials $ 366710.17 $ 342.02
Cost for Electric Power 249.38 0.25
Cost for Fossil Fuels 1575.35 1.46
Cost for Labor 14237.9% 13.27
Taxes on Labor 1837.75 1.71
Taxes on Capital 1243.27 1.15
Insurance 744 .94 0.69
Depreciation 14044.01 13.09
Interest on Capital 55310.48 51.58
Repairs 9219.46 8.59
Total Yearly Cost $ 465172.47 $ 433.85

CAPITAL INVESTMENT

For the Feedlot $ 168493.66
For Growing Feed 51647.99
For Land 288750.10
Initial Short Term Investment 232586.23

TOTAL $ 741477.91
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Table C.2. Feedlot Area Requirements
FEEDLOT TYPE 01 02 03 04
CLOTY 15.0 3.0 20.0 0.0
CSHELZ 2.0 2.0 0.0 2.5°
EGATE® 3 3 2 2
wAPR® 10.0 0.0 10.0 0.0

1. CLOT is shelter area required (ft2/100 1bs

of final body weight).

2, CSHEL is lot area required (ft /100 1bs of
final body weight.

Gates needed in excess of one per pen.

3.
4. Width of concrete aprons beside feed bunk.
5

CSHEL = 2.0 if slotted floor is used.
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Table C.5. Percent Useable Work Days for Subsets

PERCENT

SUBSET BEGINNING ENDING USEABLE
NUMBER DATE DATE DAYS
1 04/17 05/30 0.385
2 06/05 06/24 9.606
3 09/01 09/24 0.630

4 09/25 10/24 0.665%
5 10/25 12/14 0.159

Percentage holds only for harvesting opera-
tion.
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Table C.7. Input Material Requirements and Costs

Input Flow Material Requirements Cost ($)
21 Nitrogen 1.113 1b/bu .045/1b
31 Phosphorus .300 1b/bu .206/1b
41 Potash .727 1b/bu .060/1b
51 Seed Corn .0022 1b/bu 14.000/bu
61 Chemicals .009 (1)/bu 6.550/(1)
71 Water; , = mggegmesk, T megese
22 Nitrogen 10.00 1b/ton .045/1b
32 Phosphorus 2.125 1b/ton .206/1b
42 Potash 10.00 1b/ton .060/1b
52 Seed Corn .0152 bu/ton 14.000/bu
62 Chemicals 0625 (1)/ton 6.550/ (1)
72 Water ' = = desmmmees 0 smeses
82 Supplement 170.2128 1b/(2)
64 Water = --=-----
74 Feeders 3) (4)

(1) Unit of chemicals is 2 qts. LASSO, 1.5 1b. ATRAZINE and 2.5

1bs. of SEVIN.

(2) Ration consumed by one animal in a cycle through the feedlot

(3) Depends on animal type and amount of weight to be gained
(see Table C.3)

(4) Calves cost $49.00 per cwt.

Yearlings cost $43.00 per cwt.
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